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i Abstract

The aim of this study was tcompare the effects of warm up at high (set at 90% of
Maximal Aerobic Speed) and low (set at 70% of Maximal Aerobic Speed) intensity
swimming, along with the inclusion and exclusion of isolated kick practice on 200 m
freestyle swimming performance in Ageo8p swimmers (defined by British swimming
asltl4 years). This study was approved by th
Ethics Committee. Seventeen competitive Age Group swimmers (n = 9 males, age 12 +
1.22yrs, stature 1.58 + 0.10m, mass 49.3.75kg; n = 8 females, age 12 + 0.99yrs,
stature 1.58 + 0.09m, mass 48.6 + 7.79kg) performed four 200 m freestyle time trials on
separate days after a specific warm up design, either low intensity without kick, low
intensity with kick, high intensity withut kick or high intensity with kick. All warm up
protocols included five minutes land warm up activities focused on mobilisation and
activation followed by two minutes of easy front crawl swimming. The warm up
protocols then consisted of six minutes othar low intensity or high intensity front
crawl swimming and two minutes of isolated front crawl kick; respective to the warm up
design. All warm up protocols finished with two minutes of easy front crawl swimming
and a five minute passive recovery periothe key findings of this study is that there
was no statistically significant change in 200 m freestyle time trial results of Age Group
swimmers in respect of total time or split times when manipulating intensity and kick
variables during the warm up. €htwo-way repeat measures ANOVA test showed that
there was no significant interaction effect between Intensity*Kick (P=0-EM4£0.114),

or main effect for Intensity (P=0.13 ETA0.137) and main effect for Kick (P value 0.692

- ETA0.010). These resdts suggest that high intensity priming exercises associated with
a speeding ofu0; kinetics has not improved performance which is in contrast to studies
on 800 m running (Bailegt al. 2009). The results also suggest that swimming at a low
intensity is sufficient enough to stimulate blood flow to the legs and increasing muscular
temperature without isolated kick practices. This suggests that csatiay be correct

in their current warmup protocols focusing on preparing for technical and tactical
aspects of the event rather than physiological preparedness. Through examining the
pacing strategies employed by 200 m freestyle swimmers, it would suggest that they do
not reach their maximal wrkload until the final quarter of the event. This delay in
maximal effort may allow the aerobic metabolism time to adjust to the exercise intensity
thus diminishing the need for priming and a speeding)o$ kinetics.
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1.1Introduction

British Svimming are focused on elite international swimming performance and provide
world class talentprogrammes to identify, developnd monitor the next generation of
emerging elite athlete§The ASA 2010The first phase of the world class talent programme
identifies 12 and 13 year olds that may have the potential to achieve future medal success
on an international level. These 12 and 13 year old swimmers are selecsed lom the
competitive times achievedat ASA Regionalh@mpionships.It is necessary for Bish
Svimming to complete talent identification afAge Grouplevel (aged 94 years)as
swimming is an early specialisation spattere Youthathletes(aged 1518 years) perform

at the highest level(Swimming World 2016, British Swimming 201&his method of
selection does not take into account maturation or biological age and therefore late
developing childrenare at a disadvantage. This method also contradi&ayli and

Ha mi | t o nLong Tefn2AAhGete Pevelopment framework (LT&R) British Swimming
encourageswimcoaches to employl. ang and Light 201(pue to the focus on competition

that the world class talent programmepromote, many young swimmers could be
neglectng key race skills needed to perform at an elite level or ignofregliTAD framework

in order to achieve short term success. Coaches try to produce a training programme which
follows the LTAD framework but mustlso create strategies to maximise performance
Developing effectivavarm upsstrategies may allow coaches to Rriaise performance

whilst maintaining an alignment to the LTAD framework

It is well documented that warm ups can enhance performance thrahgtelevated core
and musculatemperature relatedohysiologicahlterations(Baileyet al. 2009, Bishop 2003,

Boninget al. 1991, Chandler and Brown 2008/arieb 2002 Romney and Nethery 1993
S1008883 9
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Elevated core and muscular temperature induced bywarm up may increase
cardiovascular, muscular and metabolic function and nerve conduction rate along with
reducing riskof injury ©zyeneret al. 2001, Sargeant 1987, Setet al. 2005, Yaicharoept

al. 2012) Whilst studies state that a warm up will improve the maximum and mean
propelling force in front crawl (Neivet al. 2011, Neiveet al. 2013, Zochowsket al. 2007)
these studies @l not detail the structure, content or duration of the warm up.Without
scientific literature to direct them, swim coaches are offered conflicting opinions by
coaching manuals with some suggesting brief, low intensity warm ups (Colwin\20ight

and Copland 2004) with others suggesting longer, higher intensity was\Bipoks2011,

Salo and Riewald 2008A lack of properly controlled swimming trials Haad coaches to
make their own warm up protocols based on trial and error rather thaentific research.
Swim coaches commonly apply a low intensity warm up as it is traditionally thought that this
would save energy for the race by maintaining glycogen stores andniinttie risk of
fatigue through the builelp of lactic acid associatedth a higher intensity warm up. These
warm ups seem b be based completely on mobdigson of joints and performing skills with
best technique, without consideration for physiological responses needed to enhance

performance(Figueiredcet al. 2013).

Both 200 m freestyle swimming and 8@® running performance are maximal effort exercise
bouts lasting around two minutesThe energy cost of propulsion in 200 freestyle
swimming is high, comparable to that of 860running, and front crawl swimming speed is
thought to be correlated withmaximum volume of oxygen uptakeX@:may (Lavoie and
Montpetit 1986)as is 80 m running(Thomaset al. 2005) High intensity priming exercises

in the warm uphave been reported to maksignificant improvements in 80t running
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(Baileyet al. 2009, Baileet al. 2016, Inghanet al. 2013, Jone®t al. 2003) To date there
has been no systematic investigation of the effects of warm up intensity B 120

swimming.

O2maxis only one of the physiological factors thiaas an influence on 200 m freestyle
performance. @her factors include time course @8O, response @O, kinetics), amount of
adenosine triphosphate (ATP) generated by anaerobic metabolism (anaerobic capacity
(Green and Dawson 1993)), muscle power (streragit speed of muscle contraction) and
flexibility. There are mechanical factors that influence performance as well; stroke length,
stroke frequency, kick pattern, start and turning ability and breathing pattern (Toussaint and
Beek 1992). The start and tuame important sections of the race that can have a significant
influence on the performance outcome. Starts and turns are primarily affected by muscle
power and therefore an intervention that can enhance muscle such as-gmbistation
potentiation could ehance performancePostactivation potentiation can enhance the
power output of speeestrength performance due to a heavy load strength exercise
preceding it (Gamble 2013). In essentige postactivation potentiation effect allows a
greater number of attahment sites within the individual muscle fibres; this greater
connectivity within the individual muscle fibres allows a stranfgrce of contraction which

is then amplified throughout the entire muscle. While peastivation potentiation could
have a sigificant influence on performance, the current study will be focusing on the
influence of wWOxmax and wO;, kinetics, in line with their currenttraining programme and

guidelines set out by British Swimming and the l-@egn Athlete Development pathway.
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Duringa 200m freestyle racea strong six beat leg kick pattern is required for optimal
performance(Sortwell 2011)therefore ensuring an elevated muscular temperature in the
legs is a key priority for the warm up. It is not conventional for swim caathenclude
isolated kick practices (without the use of arms) during the warn{Qgwin 2002, Brooks
2011, Salo and Riewald 2008, Wright and Copland 20UHilst the kick pattern during the
race will have limited direct propulsion, it indirectly has immpact on maximal swimming
speedby reducing drag and increasing stroke length at a higher stroke frequ&atjaet

al. 2012, Sortwell 2011)Coaches are aware of the importance of the kick during the race
which, rather than ensuring that the legs are sufficiently primed and ready to work at
maximum intensity,often leadscoachesto fear including kickpractice in the warm up
Generalbelief is thatincluding isolated kick exercisesll result in lactic acid accumation,
decreased muscle power output and impaired performance associated with skeletal muscle
fatigue (Cairns 2006)n the legs.Converselyintegrating an isolated kick exercise into the
warm up would encourage a greater amount of blood flow to the largescle groups that
perform the kick action and thusould potentially preparehem better for the subsequent
performance.To date there has been no systematic investigation of the effects of the use of

lower limb during the warm up on 20mswimming.
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1.2 Research Questions and Research Objectives

The aim of the study was tanderstand if improvements in swim performance through
manipulating the warm up procedures can be evidenced. The study will examine the effects
of high and low intensity exercise bouts along with the inclusion and exclusion of isolated
kick practices onubsequent swimming performance in competitive age group swimmers

between 11 and 14 years.

This study has two research questions:
1. Does the intensity of the warm up effect 2@Dfreestyle swim performance?
2. Does the inclusion of kick practices in the warpeffect 200m freestyle swim

performance?

This study has two research objectives:
1. To compare the effects of high and low intensity warm ups on 200 m freestyle
swim performance.
2. To compare the effect of warm ups that include and exclude alatesw kick

practice on 200 nireestyle swim performance.
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2.1 British Swimming

British Swimming is a section within the Amateur Swimming Association responsible for
governing elite swimming, water polo and synchronised swimming. Their primary aim is to
achieve medal success for Great Brit@inmajor championshipgrimarilythe Olynpic and
Paralympic GamgglLang and Light 2010). Competitive swimming is split into three age
bands; Age Grouprefers to athletes aged between 9 and4 years,Youth is athletes
between 15 and 18 years arfsenioris athletes over 18 yearsThe ASA 2030 Ahletes
compete in a range of events covering distances ofma@p to 10km acrossfour different
swimming styles; front crawl, backstroke, breaststroled butterfly, along with an
individual medleythat incorporates all four styles into one eveffityneet al. 2001). In order

to monitor and develop international level athletes, British Swimming runs the World Class
Programme which &t L e videhtifies young swimmers who may have the potential to win
Olympic medals. These programmes provide emergingetalwith wider recognition in

the sport and access to further sport science supportiuding in depth sport psychology,
nutrition, physiotherapy, flume technical analysis and strength and conditioning
programmeswhich most clubs are unable to guide. These opportunities foAge Group
swimmers enhance their chance fiiccessful competitive results aneimaining on theElite
Performance Pathwagps aSeniorswimmer. To be selected fdhe Level lprogramme,
swimmers must have competitive results ranking them in the top 24 swimmers in their

region at age 13 years The ASA 2010

The selection criteria used by British Swimming conflicts with academic research and
establishedLong Term Athlete &elopment (LTAD) framewo(Bayli and Hamilton 2004)

The LTAD states that athletesAge Groupevelshould be focused primarily on training and
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developing their O;max rather than on competition (Forcet al. 2011). Coaches are
encouraged to follow the. TAD plan bBritish Swimming and therefor&ge Groupathletes
should followa training programmehat stimulatesdevelopmentof their O;max (Lang and
Light 2010).Age Groupathletes that follow the British Swimming recommended training
programme bypredominately trainingoOzmax could potentially neglect key race skiltsat

are needed to perform at an elite level and be selected R®ritish Swimming &dlent
Programmes(Gulbin et al. 2013. Swimming is an early specialisation sport amlth
swimmersperform at the highest level, demonstrated by a 15 year old winning the gold
medal in the women 10 mbreaststroke at the London 2012 Olympic games and at 16 years
old breaking the world record in06m and 1® m breaststroke at the 2013 World
ChampionshipgSwimming World 2016 It is therefore necessaifpr talent to be identified

at Age Grouplevel, however the selection criteria uses chronological age without

consideration for growth or maturatio(Fordet al. 2011)

(hildren develop through maturationat differing rates; therefore childremf the same
chronological age have differing physical characteristics such as height, weight and
somatotype (lulianeBurnset al. 2001, Malina et al. 2006, Malina and Geithner 20L1The
largestvariationsin physicé characteristics are seen around the adolescent growth spurt
(Mirwald et al. 2002). Physical stature has been shown to influence swimming performance
in Seniorathletes (Grimston and Hay 1986) and studies on children have shown maturity
related differencein speed, strength and stamina tests (Katzmarztkal. 1997) however

the present author isunaware of any studies on swimming performance of children

Changes in body size, composition and physiological factore)X(.eax speedand muscular
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strength andpower) that occur withpuberty and the growth spurare well documented
(BaxterJoneset al. 1993. Within a chronologicahage goup, childrenwho are advanced in
sexual and skeletal maturity perform, on average, better in strength, poweispadd tasks
compared tochildrenwho are later in sexual and skeletal maturity (Malk894). Malinaet
al’ $2004) study supports the LTAD antbncludes that training can be a significant
contributor to wO;maxfor Age Groupathletes whereas sexual anskeletal maturities are
significant contributors to speed and muscular strength and powestifying that their
training should be focused on development of the®:max Early maturing athletes have a
distinct advantage ii\ge Groupompetitions and theefore more chance of being selected
for British Swimming Talentré&grammes.However these early maturing athletes that
display the desired performance aige Grouplevel will not necessarily retain these
attributes throughout maturation Ackland and Bloofreld 1996).With the influence that
growth and maturation has oAge Groupperformance(Mirwald et al. 2002) it could be
considered unfair to use chronological age as selection criteria at this stage of young

at hl etes devel opment and maManysiudies mavedriep r e t
to use biological age to separate groups within a sample pdtipalaof maturing
participants. Biological age is often discussed in terms of maturational timing around a
specific maturational event such as peak height velo€gak height velocity is defined as
maximumvelocityin growth during adolescencéPhilippaets et al. 2006) Maturity offset
indicates time before or after peak height velocity in years using chronological age, height,
weight, sitting height and leg length (Malied al. 2006). Coaches try to produce a training
programme which follow the LTAD framork but also must create strategies to maximise

performance of both early and late maturing athletes; of which warm ups should be

considered.
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The present study considers how using warm up interventions could enhancem200
freestyle performance imMAge Grop swimmers. 200m freestyle has been selected &s
aligns to the requirements fohge Groupgompetition set out by British Swimming (The ASA

2010)

2.2 Considerations for Measurements in Water

During a performance swim, there are many psychologicaltacatical decisions that need

to be made during the race including; the start, number of underwater fly kicks during the
transition up to stroke, judging the distance in to the turn and changing the stroke pattern
to put the swimmer into the correct posith for the turn, executing the turn and judging the
finish. With so many factors that can influence performance, it may be hard to distinguish
between physiological preparedness and having made all these decisions Iyorfdu
current study aimsto measue the impact of physiological variables. In order to isolate
these physiological factorsnany parts of a standard competition warnp thave been
removed as they may have ampacton the results. Therefore these warm up protocols will
not include any psywlogical or tactical preparation. €hselected participants for the
current study compete in twelve competitions each year, racing multiple events during each
competition with a minimum of two yearsacing experience. This would suggest that the
participants are at least familiar in making these decisions during a performance swim and
any psychological or tactical factors should have limited impact on the results, however any

obvious psychological or tactical errors during the performance test will bednot

Physical activity performed at different intensities produce different physiological

responses. In order to understand the affect intensity has on performaicaust be
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guantified and prescribed as either an internal or external workload. In c@@pproach
this question scientifically, and therefore be able to draw meaningful and reproducible

conclusions, intensity will be quantified using an objective measure.

2.2.100z2maxAssessment

The most accurate and reliable method of assessing an athles  geapiratoryditness
and maxi mal capacity for exerci s@mai\Wallatcehe dir
et al. 2014). This provides the maximal end of the intensity continuum and allows for
intensity to be quantified interm of apercerage of amnsakavtiketal (20123
define wOxmaxas the highest rate of oxygen consumption and utilisation during exercise.
Unfortunately, obtaining direct measures @;maxin the field are very impractical as they
require not only specialist equipment and a controlled environment but a number of
operators with specific knowledge to interpret the results (Wallateal 2014). Also only

one participant can be tested at timeaking it very time consuming to test a larger sample
size associated with field testing. These tests can only be performed using a treadmill or
ergometer and therefore lack the specificity for many sports (Catlzd 2010). Specifically

for swimmers, thee exercises focus predominately on the lower body to carry the
workload; this is in contrast to their normal workload profile which is normally carried by
the upper body. Swimmers may need to use different methods to quantify exercise intensity
as these mthods may underestimat&XO;maxdue to a lack of sport specificity. Whit80zmax
testing may not be appropriate for studies on swimmers, the understandingOakaxhas

lead to the validation of other techniques for quantifying exercise intensity.
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2.2.2 Blood Lactate Testing

Intensity can be quantified into three specific zones using blood lactate concentrations; low
lactate zone, lactate accommodation zone (where blood lactate concentration is elevated

but production and removal establish an equilibri), and the lactate accumulation zone

(where the production of blood lactate exceeds maximum removal) (Seiler and Kjerland
2006) . I n Seiler and Kjerland’ s (2006) St uc
training zones were quantified in terms ofobd lactate concentration reference points;

Zone 1 less than 2.0 mM, Zone 2 between 2.0 mM and 4.0 mM and Zone 3 greater than 4.0

mM. Using portable lactate analysers, one is able to measure blood lactate concentrations

with a single 20 pl blood sample g training sessions to ensure that athletes are training

at the correct internal training load with relative ease (Maugleaal. 2007).

Capillary sampling from fingertips is generally used for safety and ease. Differences in blood
lactate values will occur according to the form of blood used: venous, arterial or capillary;
part of blood used: whole, plasma or serum; the sampling site; pasipling treatment and
analysis method. All subjects must adopt identical procedures for every sample in order for
them to be comparable. This method is more practical in the field as the test protocol can
be adapted to make it more sport specific. Blosaimples can be taken relatively quickly
allowing for testing of more than one participant at a time, and can all be completed by one
researcher. Whilst the equipment needed is specialist, it is also small and portable adding
the easy of testing in the fidl Blood sampling is an invasive procedure, however it is
relatively painless and small amount of blood is taken as a sample. Analysing blood by
using portable lactate analysers can provide results in 60 seconds; this makes it a very useful

and quick metod for quantifying exercise intensity during training. With feedback readily
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available, training intensity can be adjusted to ensure athletes are getting the correct

internal training load. Specialist training is required to be able to take blood samples,

making it impractical for many coaches to apply this method. This method would be

appropriate for studies on swimmers, as it can be made sports specific, can be carried out in
a swimming pool environment anadvhen used appropriately, can providevery acurate

measure of exercise intensity.

A fixed blood lactate reference point of 4 mM is widely accepted as the value to monitor
and assess endurance performance in adult athletes (Jacobs $886ér and Kjerland 2006

The 4 mM value correlates to theoimt at which equilibrium between lactate production

and removal is reached. However this may not be the case for children. Tolfrey and
Armstrong (1995) and Benelet al. (2005)both have shown children to reach lower peak
blood lactate values even thoughey are working at their maximal intensity. Tolfrey and
Armstrong’s (1995) study d¢ihowgk thatutatioa. tTheyp e a k
measured peak blood lactatefrom prepubescentand teenage boys, and adult men
reporting values of 4.5 mMb.8 mMand 8.7 mM respectively. Their study g&sgts that 2.5

mM in prepubescenaind teenage boys may be equieat to the 4 mM reference point in
adults. However this gty was only conducted on malaad does not provide any evidence

for peak lactate changen females through maturation. Algbis study does not detail how
maturation is assessed and what marks ttransition between teenage and adult. The
results of their study shoed that prepubescentand teenage boys are able to exercise at
close towOzmax Without accumulating high levels of blood lactate, however without more
information on their maturation assessment it is difficult to replicate. Tolfrey and Armstrong

(1995) do not provide a definitive explanation as to why there are differebeaveen chid
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and adultblood lactate concentrationsSpeculative suggestions include that children have

lower muscle lactic acid production (Eriksseh al. 1 97 1) , t hat chil dren
response to exercisavhich can initiate metabolic process including latcid production, is

different to adults (Macek 1986), or that children have an enhanced ability to produce
energy aerobically (Bergt al. 1986). All of these speculative suggestions ldok
physiological evidence to be supported, and as such the utatedgg of why children

appear to produce lower blood lactate values is still incomplete.

Williams and Armstrong (1991) failéal identify any differences in peak blood lactate values
across maturation. Whilst Benelat al” €005) study showed an irease in peak blood
lactate across maturation, boys 8M, adolescent 12.0 mM and adult 12.7 mM, the peak
blood lactate value for boys is comparable to the adult peak lactate value from Tolfrey and
Armstrong’ s ( 1 %®9ab(R005 suggesy thahddesis rotkaphysiologicalr
metabolic difference between childn and adults but rather the blood lacte kineticsdo

not appear torespondat the same rate in children compared to adults. They suggest that
children are able to produce higkvels of bloodactate;it just takes mordime to for these
values to be displged intheir blood Without a complete understandingf why children
appear to produce lower peak blood lactate values or how long after exercise their higher
values vill be present, a pilot study should be conducted to ascertain if blood lactate is a

viable option for the determination of exercise intensity test.
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2.2.3 Heart Rate Monitoring

Seiler and Kjerland (2006) suggest thatrt rate isthe practical linkbetween laboratory

test measures and quantification of exercise intensity. Heart rate monitors are more readily
accessible than portable lactate analyzdis many sports, intensity is normally quantified,
monitored and controlled with heart rate monitarg techniques, due to the ease of
measuring this data (Algrest al. 2011). This is supported by Wallaateal. (2014) who state

that the most commonly used method for quantifying internal training loads is heart rate
monitoring as a measure of exerciseeinsity. Heart rate offers an alternative that is easily
measured but also appears to maintain its close relationshipx®®maxand blood lactate
concentration during land based exercises. Algrewl (2011) state that the heart rates
associated with entilatory thresholds remain quite stable for prolonged periods, which
means that once the heart rate for the first and second ventilatory threshold have been
established, only drastic changes in aerobic fitness may cause a different heart rate to be
assodated to a particular ventilatory threshold@he first ventilatory threshold, known as the
aerobic threshold, marks an increase in the level of oxygen inside the lungs without an
increase in the level of carbon dioxide, the second ventilatory thresholdwknas the
anaerobic threshold, marks the increase of carbon dioxide inside the [Tihgsis supported

by Rodri'GueMarroyo et al. (2012)who justifies heart rate as a reliable measure to
guantify exercise intensity. Also heart rate can be monitored during any exercise activity;
allowing tests to be sport specific, using large sample sizes and can be conduered
environment making it ideal for fielgbsting. In relation to studies on swimmers, Lugtcal.
(2014) state that heart rate reductions occur when the body is immersed in water, therefore
guantifying exercise intensity through heart rate could underestimate the intensity. Other

methods of objetive physiological measures to quantify exercise intensity should be used
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as an alternative during aquatic sports. Aquatic heart rate monitors are very expensive and
have not been validated againeO;max0r blood lactate methods. For these reasons, hear

rate monitoring methods are less appropriate for studies on swimmers.

2.2.4 Maximal Aerobic Speed Assessment

Under laboratory conditions the assessmento#maxcan provide information relating to
specific physiological states such as velocity aatacor ventilatory thresholds and velocity

at wOzmax(Billat 2001). Velocity abOzmax (v wOz2may) is the slowest possible speed required

to produce awOymax response and is also known as maximal aerobic speed (MAS) (Di
Pramperoet al. 1986, Lacouet a. 1991). By focusing on the velocity rather than the
physiological response, individual workloads can be prescribed and monitored more easily
along with being better understood by the participants as target times and pacing strategies
are very common inhteir regular training programme. There are many field based tests that
can be used to provide an indirect measureu#)maxand subsequently provide the MAS.
Test selection is an important consideration as an intemnittor incremental test design.
Many require a greater input from the anaerobic energy system and therefore will not
provide a true measure of MAS. A continuous linear test such as the traditional 12 minute
Cooper Run is a commonly used method for assessing the aerobic function of dry land
sports. The Cooper Run requires athletes to cover ftimthest distancethey canwithin 12
minutes (Cooper 1968). MAS is then calculated as distance covered divided by time and
reported as metrs per second. Chamotet al. (1996) state that the time requirei stress

the aerobic system and measure MAS is four minutes 58 seconds therefore a five minute

time trial would be a sufficient duration to test MAS. Berthetnal. (1997) support this by
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reporting significant correlations betweem wO:max and averagevelocity during a five
minute trial. A five minute time trial test can easily applied across different modes of
exercise and would be an appropriate method for swimming (Barker 2011). The aim is to
cover the maximum distance possible in five minutes. Tikedce covered measured to the
nearest metre is divided by the time in seconds to give 100% of maximal aerobic speed
(MAS) in the form of metres per secarftlease see Eql for example workings.
(Eq1l) MAS = 400 m / 386 1.33 m.2

Using this equation,he researcher wa able to set individual external workloads of low
intensity and high intensity. Intensityasset using a percentage ®ASduring the warm
up tests. Mitchell and Huston (1993) state that 70%ViAS corresponds to low intensity
(LI). Highntensity (HI) was set at 90% BFASas this falls within the guidelines set by Sylta
et al. (2014). These percentages MAS werecalculated into 50 m split times so that the
participants could swim at the required wdold. Please see Eq2 and Eq3 foareple
workings

(Eq2) LI = 1.331.5Y 100 x 70 = 0.93Mn.s*

50 m/ 0.931Im.s'=53.70sper 50 m split

(Eg3) HI = 1.381.s/ 100 x 90 = 1.197.s!

50 m/ 1.197m.s' = 41.77sper 50 m split

2.3200m Feestyle Swimming
In order to understand how to correctly prescribe an effective competition warm up for
swimming, one must examine thmechanical andphysiological factorghat can limit

performance.Thequalifying time for the 20 mfreestyle race at th€015 ASA SoutiWest
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RegionalChampionships forl4 years boys was .22.23 and for girls was2.1619 (see
Appendix A. Age Groupswimmers are required to swim a single maximum effort
performance under the corresponding timelhe mechanical factors that influence
performance include stroke length, stroke frequency, kick pattern, start and turning ability
and breathing pattern (Toussaint and Beek 1992 swimmers need to perform explosive
legactionswhendiving off the blockfor the start and pushing off walls during turriBreed

and Young 2002)'he mechanics of the stroke foravimmers into arestrictive breathing
pattern. In order to maintain efficien¢yreaths must be taken at set intervals within the
stroke cycles. fiere are prolonged periods underwater during transitional phases between
the start or turn and the stroken which swimmers hold their arms in an extended
streamline position and perform multiple flydkis using aimultaneous leg actiofCohenet

al. 2011). These mechanical factors therefore have an influencé¢he physiological factors
Physiological factorsclude maximum volume of oxygen uptakéX@:may, time course of
WO, response @O, kinetics), amount of adenosine triphosphate(ATP) generated by
anaerobic metabolism afiaerobic capacity (Green and Dawson 1993)jnuscle power

(strength and speed of muscle contracti@md flexibility (Smittet al. 2002).

2.4 Mechanical Factoréffecting 200m Freestyle Performance

2.4.1 Frestyle Arm Action

Basic freestyle stroke parameters involve a prone flat body position with longitudinal
rotation to minimise resistance andcontinuous and alternating arm and leg actions
generate the force required for propulsioithere are many variations on the front claw
arm stroketechnique.Z a t et al. (2012) examinedhree variations a standard arm pull

where the handrajectory in the frontal plane resembles the letter @uring the propulsive
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phase and the arms maintain equal time intervals during the propulaivg recovery
phasesa kayaking arm pull variant where the hand trajectory in the frontal plan rédes

t he | et t er movementsamre derfdrrhedin uaimtemupted coordination similar to

the standard arm puflbut allows for an increased strokeeuency Finally,a loping arm
pul | variant where the hand trajectory in t
the arm movements are performed with unequal time intervals during the propulsive and
recoveryphases. Athe end of the recovery pse once the hand has entered the wattre
handis held in place for a slightly extended period of time, creating an impression of one
arm catching up to the otheallowing for an increased stroke length but decreased stroke
frequency The resultsugges that the kayaking and loping arm pull variamisght appear

to be more effective and efficient than the standard arm pull technique and could
contribute to | ower energy expenditetnle and
(2012) state that theresults do not offera universal solutiorregardingwhich technique
enhancel performance but identified a need for individualised technique training that
shouldmanipulate stroke length and stroke frequency to ensure their technigedficient

and effectiveand suited tothe demands of the event distanc&he relationship between
technique and performance is more apparent in swimming than in other sports due to the
need to propel oeself through water(Seifert et al. 2004). An efficient and effective
technique in swimming will enhance propulsion and reddcental and longitudinal
resistancealong with resistance caused by eddy curreg@srtwell 2011)As water does not
provide a stable platform from which generate power, there areiateons in the force
generated and the velocity achievaxd each arm strokeThisvariable velocity combined

with water resistanceresults in increased energy expenditureorder to maintain speed

( Z a etal012)than comparbledry land activitiesStroke length, stroke frequency and
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kick pattern are all major determinants of front crawl swimming speghlofletet al. 2000.

Long efficient arm strokes performed with a high stroke frequency and a continuous kick are
needed for opimal swimming performance (Sortwell 2011ffficient and effective
swimming technique is therefore defined as increasing the velocity of the athlete whilst
reducing the variations in velocity of each arm stroke (Kolmogorov and Duplischeva 1992).
The relationship between tsoke length and stroke frequencis the main variable for
maintainingstroke efficiency and effectivenessiowever this relationship is correlated to

the distance of the event. Short distance event® (B, 100 m) often observe a sheer
stroke length combined with a higher stroke frequency whereas long distance evefits (80
m, 150 m) observe a longer stroke length with a lower stroke frequer®gifért et al.

2004 and middle distance events (@0n, 400 m) attemptto find abalancebetween length

and frequency.

2.4.2 Freestyle Kick Action

Whilst the kick has limited direct propulsion, it indirectly has a significant impact on maximal
swimming speed. Kick plays a vital role in balancing and stabilising the trunk improving
buoyancy andongitudinal rotation (Gatteet al. 2012). As the body longitudinally rotates
through to each side, the kick prevents the lower limbs from lateral deviation of the hips.
The kick also improves the effectiveness of the upper body prapulsy elevating tk

lower limbs,caused by the continuous downward pressure under the feet (Sortwell 2011).
This elevation reduces thé&ontal resistancebringing the body line to a flat, horizontal
position and also reducesthe impact ofeddy currents Eddy currents are fmed by the

swell of water forming behind an object as it travels through the water, pulling much of the

water along with the object in its wake. Thapact of eddy currents igrimarily affected by
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the size profile of the object. Swimming withe legs dwer in the water wilcreate a large
profile in thewater and increase the impact of eddy currents, whereas elevating the legs
will reduce the profile of the body linand reduce the impact of eddy currentghe kick
pattern has a positive correlation tiroke length(Sanders & Psycharakis 200@)erefore a

six beat kicKsix kiks for two complete arm strokespntributes to the overall efficiency of

the stroke. A six beat kick is necessary to maintain stroke length whilst increasing stroke
frequency and subsequently increasing swimming spegsortwell 2011) At maximal
swimming speed, a six beat kick provides a more stable body position and therefore will
reduce the negativeeffectsthat variations in velocity of each arm stroke have on overall
swimming speed Sporint and middle distance events often use a six beat kick whereas
longer distance events often use a two or four beat Kiohussaint and Beek 1992 two or

four beat leg kick will be less effective in elevating the lower limbs andnbidg the
longitudinal rotation, causing an increased frontal resistance, eddy curramds lateral
deviation compared to a six beat leg kidkerforming a six beat leg kick can enhance
propulsion up to 10% when swimming at maximum velocity (Geittal. 2012).Whilst kick

may not significarly increase maximal swimming speed through enhancing the force
generated during the stroke, kick is able to significantly increase maximal swimming speed
by reducingthe amount of resistance cause8leivert and Wengef1993) study suggests
that the key physiological variables that influence swimming performance in Senior athletes
are wOzxmax ventilatory threshold and absolute leg flexion strength. Maximal swimming
speed with dficient and effective stroke mechanicslies heavily on the kick pattern
therefore it may be necessary to include activities in the warm up that target the kick

muscle groupsAlthough the effect of kick on maximal swimming speed is well understood,
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to date there have been no systematic inveatigns into the effects of warming up the leg

muscles through isolated kick practices on swimming performance.

2.4 3 Starts, Turns and Transitions

Starts, turns and the transitional underwater phagtllowing the start and turnsjan have

a signiicantinfluence on performancéMiller et al. 1984) and manyelite international race
resultsare decided during these sections of the ra@anksbyet al. 2002) Guimaraes and
Hay (1985) state that to pratte a fast entry, the take off velocity must be high and the
athlete needs to be in a streamlined position whilst in flight in order to minimise the
reduction in velocity on entry into the water. The primary components influencing the
effectiveness of thestart are reaction time, leg power and resistance upon entering the
water or streamlining (Breed and Young 200%yebsteret al. (2011)suggestthat during

the 200m freestyle event21% of the overall race time can be attributed to the turn (time
taken fom 5m into and 10m out from the wall). The preferredhethod for turning in
freestyle is the tumbléurn. Svimmersrotate around the horizontal axi® push offthe wall

in a streamlinedoosition and initiate the underwater fly kidk minimisedeceleration. The
first stroke cycle should be performed befo
swimming speed(lothieret al. 2000) If swimmers allow their velocity to drop before they
have started their first cycle, they will have to acceleragain which has been linked to an
increase in energy expenditurehich can have negative impact on performance (Webster
et al. 2011). The primary components influencing turn and transition speed are aglty
power and streamlining (Breed and Yow2@0?2). Effective starts, turns and transitions rely
on leg powertherefore it may be necessary to include activities in the warm up that target

the leg muscle groups.
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2.5 Physiological Factoraffecting 200m Freestyle Performance

As svimming takes placén an aquatic environmentit presents different resistive and drag
forces, respiratory conditions and temperature stresses compared to air (Holmer 1992). The
energy cost of propulsion iB0O0m freestyleswimming is highcomparable to that of 80t
running. Font crawl swimming speed is thought to be correlated witkmax and w0,
kinetics(Lavoie and Montpetit 1986). The energy cdsfers for each stroke technique; the
lowest is front crawl, followed by backstrokethen butterfly and breaststroke are
significantly higher. The rate of energy expenditure is related to speed, propelling efficiency

andresistancg Toussaint and Hollander 1994).

2.5.1 Cardiovascular Factors

Holmeret al. (1974) suggest thatacdiac ouput (the volume of blood pumped by the heart

per minute for swimmers may not be a limiting factor on performance since they have
been shown to achieve values18% higher during running based tests when compared to
swimming based test. The observed lowaardiac output value for swimming could be
attributed to a drop in maximal heart ratby 1015 beats per minutevhilst swimming
compared to running (Magel 1971). Holmer (1992) suggests that this lower maximal heart
rate can be explained by improved diastofilling of the heart when the body is in a
horizontal position with minimal gravitational resistan&eripheral blood pressure appears

to be higher in swimming than running and may suggest that whilst heart rate and cardiac
output are not reaching theimaximal values, the heart may be working at its maximal limit
for that mode of exercise, thus representing an upper limit to performance (Holmer 1992).

Other cardiovascular factors, such as capillary density and metabolic capacity of active
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muscles alsinfluence oxygen delivery and utilisation. These factors are therefore important

determinants ofwOomax

2.5.2000; Kinetics

WO, kinetics is defined as the rate of response of oxygen uptake following the start of
exercise, and describes the rate at which the cardiovascular system is able to supply oxygen
to the working muscles (Perrey 2010). Oxygen uptake has a linear relatidoshignsity.

At low and moderate exercise intensitup to 70% ofwOzmax (Zochowsket al. 2007)), the
exponential increase in pulmonary oxygen uptake can be characterized as a single time
constant, including a delay which reflects the tissde-lung vascular transit delay, to
produce a steady state whetée body is able to produce enough oxygen to meet demand
(Whippet al. 1982) This process is termed the primary componentodb kinetics. There is

a lag letween the start of exercise and oxygen consumption reaching the steady state.
Duringthe initial period of exercise, the ATP demand cannot be met by oxygen consumption
and therefore ATP rsynthesis occurs anaerobically in order to meet the required éserc
intensity, a difference which is termed the oxygen deficiBurnleyet al. 2000) At high
(above 70%wOxmax) OF severe (close to or atoOxmay) intensity exercisewO, kinetics
respond with the primary component; the amplitude is greater in an attempt to reach a
steady state. Howeverafter the oxygen consumption plateauthere is another more
gradual rise elevating the level of oxygen consumption above that of the originally predicted
steady state. This second rise is termed the slow component (Whipp 1994). The slow
component appears to beorrelated with muscle fatiguand reflects a decreasing muscle

efficiency as a progressively greater energy demand is required for the same muscle
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workload Rossiteret al. 2002. In Burnleyet al s . (2001) study they r
minute high intensity priming exercise bout reduced the amplitude of the slow component

by ~160 ml mirt during a second six minute high intensity exercise bdhilst
performance in a 200n freestyle event may not be long enough to be influenced by the

slow component, factors that enhance the amplitude of the primary component might
improve exercise tolerance and improve performance. Enhancing the amplitude of the

primary component ofwO; kinetics should be of consideration for the warm up.

Once exercise stopshere is a significant drop in oxygeonsumption;however it does
remain slightly elevated for some time before returning to the base level of resting oxygen
consumption. This is termed excess pesercise oxygen consumption (EPOC). During this
period, the elevated oxygen consumption primarily assists in theynthesis of ATP and
phosphocreatine (PCr) along with restoring the myoglobin oxygen stoBesnley et al.
(2001)studied the éfect of recovery time following six minutes of high intensity exercise.

The authors resul ts s howbasehnadO, wad iricreaseddyi X mi r
~120 ml mint prior to the onset of a second six minute bout of high intensity exercise, in
contrast to the 12 minute recovery period that alloweoD, to return to pre-exercise

baseline levels prior to the onset of the second heavy exercise Mal¢k (2001however

reported that 95% of phosphocreatine stores can be replenished within four minutes of

passive recovery, therefore thedevated baseline abO, between four and six minutes after

high intensity exerciseould be used to enhance a subsequswimmingperformance
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Sousaet al” §011) study on terSeniormale 200 m freestyle swimmerobservedthat
wOzmaxandthe amplitude of the primary component abO; kinetics aredirectly correlated

to average speed during the first 58 and the overall 200n performance.Sousaet al.
(2011)state that aerobic metabolism accounted for 78.6% of the energy contribution during
the 200 m freestyleperformance Figueiredoet al. (2011) found similar results across ten
Seniormale 200m freestyle swimmersThe 200m swim performancevas dividednto 50m

lap splits and reported aerobic metabolic contributions as 44.6%, 73.2%, 83.3% and 66.6%
for each consecutive lap, respectiveRuring the first and final lap in particular, the
anaerobic metabolism is highly stitated causing a high level of blood lactate
concentration and subsequentlympactng the level of fatigue and exercise tolerance
(Figueiredoet al. 2013). Fatigue not only limits th@mount of force being produced from

each arm stroke but will also shorten stroke length and lower stroke frequency, causing a
decrease in velocity and a rise in velocity variation thus impairing the efficiency and
effectiveness of the stroke mechanics. Incregsire rate of response anthe amplitudeof

the primary component ofwO; kinetics will reduce the contribution of the anaerobic
metabolism during the first 51 lap and subsequently reduce fatigue and increase exercise
tolerance. Similar results were rapted on Youth200 m breaststroke swimmerg§Strzalaet

al. * s and S&nipr100 m freestyle swimmers (Latt et al. 2010) Whilst energy is

generated by both aerdb and anaerobic processe&O:max and @O kinetics havea

significant influence on performance.

According toBa y | i and HalmADmbdel pAges Gro{uatble€des gre unable to

make significant improvements to their anaerobic capacity and should focus their training at
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this stage on developing theibOxvax;, @ theory thatis supported bystudies in maturation
(Katzmarzykat al. 1997, Malina 2004, Mirwaldt al. 2002) Baxter-Joneset al. (1993) state
that correct trainingstimulus canimprove wOzmax in prepubescent childrenThis would
suggest thatthe training stimulus that can affedage Group200 m freestyleperformance
would be 0Omax (Ford et al. 2011) and therefore would be comparable to the energy
requirements of Youth and Senior athletes These studiegBayli and Hamilton 2004,
Figueiredoet al. 2013, Fordet al. 2011, Lattet al. 2010, Sousaet al. 2011, Strzalat al” s
2015)suggestO; kineticshas a ginificant impact on 20 mfreestyle performance foAge

Group Youthand Seniorswimmers.

The process of transporting oxygervolvesa higher workoad for swimmers compared to
other athletes. Swimmers are exposed to hydrostatic pressure around the chest, prolonged
expiration into water, restrictive breathing patterns that alter alveolar gas diffusion, and
repeated expansion of the lunp total lung capacity due to underwater work performed
with each start and turn (Cordain and Stager 1988lilst this restrictive breathing pattern
suggests that oxygen consumption would be a limiting factor to performance, arterial blood
samples taken wring maximal swimming show similar values for oxygen saturation and
oxygen pressure to that of maximal running with unrestricted breathing (Holeteal.
1974). Svimmers consequentlyhave been observed to have larger static lung volume
compared to other thletes (Cordairet al. 1990);this may be thehysiologicahdjustment
needed in order to overcome the restrictive breathing patterns andlaédoxygen transport

process needed for optimal performance.
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2.6 Pacing strategies

Athletes and coaches are able to have a significant impact on a race performance by
manipulating their pacing strategyroster et al (2004Qefine pacing strategies as the

method of distributing workload and energy consumption throughout an exercise task i

order to achieve the optimadverallperformance . Strategies include: atlut (maximal effort

throughout the event)positive split(decreasing speed throughout the evemegative split
(increasing speed throughout the even®ven split(maintaining peed throughout the

event) and variable pacgfluctuations in exercise intensity or workload) (Abbiss and
Laursen 2008)Whilst there are many different pacing strategies uséa main factors that
influencepaci ng strategy s el aemwhicicapacityaand,mkdvent at hl e

setup along with the duration of the event.

Foster et al (293) suggests there are two sepsfor racing events; h etelde a d’ or “ti
trial ™. Dto-m ¢ & @)’ ,athlgtel reda dgainst each other directly, thus allowing
athletes to determine their pacing stragees based on their opponentsorFathletes to be

successful during this type of evemthletes only need to be marginally faster than their
opponents and may oftemaces | ower t han their best ti mes.

athletes race individual with the aim of posting the fastest time.

Short durat8Onsevbahnsefoiud 'f rsotmm aagare g'yalwwher e as
120 s benefit from even pacing.acing strategies for these event durations appear to be
universal across swimming, rowing, running and cyclidgwever knowledge on optimal

pacing for events lasting between 90120 s is very limitedAbbiss and Laursen (2008)
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suggest that eliteunners will often use gpositive split pacing strategy in order to achieve
best ti mes. To the Dbest, ther havehbeen me scieifitc her ’

investigations into pacing strategies used by 200 m swimmers.

2.7 Physiological Benefits of Wartdps

Warm ups can enhance performance through their physiological effects on the body
(Zochowsket al. 2007).Warm up protocols can be classified intoav@pproaches; passive
warm ups (aising core or muscular temperature by external meansh as saunasr hot
showerg and active warm up§the use of exercise to raise temperatuyeActive warm ups
appear to induce greater metabolic and cardiovascular changes than passive warm ups
(Bishop 2003). Neivatal”’ s (2013) study suppervedalowehi s su
lactic acid accumulation during 3Gsprint intervals after an active warm pypompared to a
passive warm upeven though the core and muscular temperature started at the same
level. Chandler and Brown (2008) suggest that whilst there arei@ber of physiological
effects associated with an active warm up, the most important are the elevation of core and

muscular temperatures.

Warm ups are designed to prepare the body for the subsequent bout of exercise by
increasing cardiovascular, muscukamd metabolic function along with nerve conduction

rate (McGowanet al. 2015,Zochowsket al. 2007). Studies have demonstrated performance
improvements and a reduced risk of musculoskeletal injuries after completiraya wp. A
temperature increaseoftC i s enough to reduce the occurr
due to a decreased muscle fibre stiffness and passive resistance in joints (Yaiokiaaben

2012). This leads coaches and athletes to place great importance on their warm up
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procedures. ldwever, the effects and ideal structurefahe warm up is not well known

(Neivaet al. 2011).

The muscle pH level and temperatuvell affect the muscles ability to generate force

Whilst acidosis or a reduction in the pH level in the muscle will cause fatigue and limit
performance, mild lactic acidosisknown as the Bhr Effect can cause capillary
vasodilatation and facilitate haemoglobin dissociation (Borgéh@l. 1991) Bangsboet al.

(1996) suggest that muscle pH should be 7.1 in order for optimal enzymatic reactions to

occur and enhance the rate of metabolic reactions Sar geant (1987) st a
warmed to 39.3°9C improves peak force and poc
resi ng body t e mp e Aaigher tempeavature B 6actigec tiSsue assists the
performance of work%etoet al. 2005. An elevatedtemperaturehas also beemssociated

with increasing the volume oxygen that is transported to the activated muscles due to
increased vasodilation and blood flaalong with an increase of oxygen release from both
haemoglobin and myoglobin (Neiea al. 2011). Haemoglobin is found in erythroctyes, or

red blood cells, thesearry the bulk 6the oxygen in the blood whereas myobin carrythe

oxygen in the muscle tissue (Marieb 2002). Zochoeskl. ( 2007) st ate that F
detaches up to twice the amount of oxygen a
effect is apparent with myoglobin. An increase in temperataes therefore reduce the

oxygen deficit and elevate the volume of oxygen in the blood and muscles from its baseline
(Ozyeneret al. 2001). As a resultthe aerobic metabolism rate of response is faster, allowing

the initial work of the main activity or copetitive performanceto be completewith

increased aerobic and decreased anaerobic contributions, thparing the anaerobic

capacity for later in the tasknd subsequently reducing fatigue and increasing exercise
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tolerance(Neivaet al. 2011).This is providing the rest period between warm up and main
activity is not long enough to allow the volume of oxygen to return to the baseline;

Zochowsket al. (2007) suggest this could occur within roughly five minutes.

An elevation in temperature is>g@ected to increase nerve conduction rate and speed of
metabolic reactions, which is linked to improved speed and force of muscle contractions
(Febbraio et al. 1996. These metabolic reactions include high energy phosphate
degradation, glycolysis and glygmnolysis (Neiveet al. 2011). High energy phosphate
degradation is the breakdown of the phosphate bonds in adenosine triphosphate which
provide cells with energy. Glycolysis is the process that breaks down glucose molecule to
form pyruvic acid and replesh two adenosine triphosphate molecules to create energy.
Glycogenolysis is the process where glycogen is broken down into glucose in order to
maintain blood glaose levels to provide fuel fdahe replenishment of more adenosine
triphosphate (Marieb 2002By increasingore and muscular temperaturéhese reactions
occurat a faster ratesupplyingthe muscle with energfaster, thus enhancinghe speed of

the muscle contraction and the force generated.

A warm up can also have an effect @@; kinetics, known as priming (Inghaet al. 2013).
Priming exerciseperformed at a high intensitgan increase theamplitude of theprimary
component of wO, kinetics however moderate intensityexercise appears have limited
effect (Burnleyet al. 2000 Gebino et al. 1996) Burnleyet al” 2001 study shows that
prior heavy exercise increased the amplitude of &i@ response, which remained elevated

with the onset of a second high intensity exercise bouéraét six minute recovery period;
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meaning that during the second heavy exercise bout thebsolute wO, response was
increased by ~160 ml min Priming exercises caushetprimary componentto predict a
higher rate of work andncreasethe volume of oxygen uptake to match the prediction,
subsequent} reducing the slow component and associated decrease in muscle efficiency
and increase in levels of fatigue and energy cBsts§iteret al. 2002) This effect is knan

as speedingf WO, kinetics andprovides a greater supply of oxygen at the beginnifig
exercise; resulting in an enhanced tolerance to subsequent high intensity exercise and can
increase time to exhaustiobny 15% to 30% (Bail@f al. 2009. Whilst many studies support

the inclusion of priming exercises (Baikgyal. 2009, Baileet al. 2016,Burnleyet al. 2000,
Inghamet al. 2013, Jone®t al. 2003), theycould cause fatigueand impair performance.
Athletes shouldallow a recovery period in between the primgi exercises and the beginning

of their competitive performance. Inghamt al. (2013) suggest that five to nine minutes of
passive recoverwill allow the body to recovefrom fatigue whilst maintaining the effects

of speeding up ofuO; kinetics.

Neivaet al” &011)studystatesthat performing a warm up will improve the maximum and
mean propelling force in a front crawl competitive performance, without causing any
significant difference in lactate accumulation or rate of perceived exertion, when compared
to racing without a prio warm up. However Neivat al. (2011) do not provide any
information on the structure or composition of the warm uUp.order for athletesto benefit

from the effects of incrased temperatureand a speeding abO; kinetics a warm up should

be constructel to include activities that manipulate the intensity, duration and recovery

time to elicit these effects (Neivat al. 2013). There are many conflicting opinions with
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regard to warm up intensityn Seniorathletes andadult participants Chmura (2000%tates

it should bebelow 3% ofwO:maxwhereasStewart and Sleivert (1998uggesit should be
50-70% ofwOzmaxand Yaicharoert al. (2012) state it should be 780%wWOz2max However

these authos do agree the highghe warm up intensitythat is employed, the shorteithe
durationthat is recommended. ylka (1995)eported improved performance in the Wingate
test with warm up below 50% @Ozmaxwhen compared t670%of wOzmax HoweverBishop

et al” $2002 study (participants aged 22 4 years),and Burnleyet al’ $2001) study
(participants aged 2% 4 yearsyuggest thaa low intensitywarm upcould beinsufficient to
activate the physiological and metabolic processes needed to enhance energy production,
e.g. glycolysis andO; kinetics.Makaruket al. (2008) suggest that 40 min, high intensity

warm up improves performance in yousgathletes (age 15.7+ 0.5years) during sprints
compared toa 20 min moderate intensity warm up. Yaicharoest al’ $2012) study
(participants aged 24.% 6.7 years)supports this andsuggess that performing al0 min

warm up at an intensity betwee0-80% ofa n a t textesultssn an increase in core

and muscular temperature and does not deplete phosphocreasioeesneeded for sprint
performance Thee are many conflicting opinionsn the effect of intensity inyYouth and
Seniorathletesin dryland modes of exerciseoweverthe present author is aware of only
three studies that have focused on the effectfowarm up intensity on swimming
performance (Balilionist al. 2012, Houmaret al. 1991, Neivaet al. 2019. Balilionisetal. * s
(2012) study (participants aged 19.8 + 0.7 years) compared no warm up, short warm up (50
yards at 40% of s wi mhywdsat 90%)aard swimrhérsed freo r t  a n
competition warm up (warm up distance 1314 + 109 No intensitieswere detailed other

than heart ratebefore the performance testTheusualpre-competition warm up heart rate
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was significantlyhigher thanthe shoit warm upheart rate; 100 + 13b.min! and 92 + 19
b.min! respectively. These results state that thewvimmers usual preompetition warm up
was most effective; péraps suggesting a more inteng&arm up would enhance swimming
performance.lt is difficult to distinguishwhether these improved results in the usual pre
competition are due tothe increasedintensity or that the duration anddistanceof the

warm upwas greaterHoumardetal * s (199 lefal asd ( ¥ & i{périicipasis udi e s
aged 20.8 £ 0.6 years and 17.15 + 1.52 years, respectoaghpared high and low intensity

warm upsconsistingof the samedistance. These authors reported no statistically significant
difference in the performance results amtopose there is no ben#éfto designing high

intensity warm up programmedo t he best of the pr effeetoft aut h

intensity has not been studied #\ge Groupwimmers

Whilst Neivaetal * s (2016) study did not shXODWma st at
freestyle performance, they report the different warm up protocols inducddfering
physiological effects The low intensity warm up included a short race pace set, usual to
most precompetition warm up routines (4 x [2% race pace + 2& easy]),whereas the

high intensity warm up included a short set designed to stimulate aerobic metabolism and
potentially cause a speeding abO; kinetics. hie high intensity warm up indudehigher
oxygen uptake, heart rate and core temperature with a édowlood lactate concentration
compared to the low intensity warm up.oMiever these differenceabated during the 10

min passive recovery periodDespite similar performance outcomes, biomechanical and
physiological responses differed between performances. Thé lmgensity warm up
produced a lower blood lactate concentration aadigher core temperature immediately

after the performance compared the low intensity warm ugso the high intensity warm
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up triggered a higher stroke length value as well as a higtieke effigency value during

the first 50m lap, whereas in the low intensity warm up swimmers achieved a higher stroke
frequency. Whilst this resulted in similar performance over 100freestyle, a higher
intensity warm up that lowers blood lactate camdration and increases stroke length and

stroke efficiency could result in enhanced performance over a longer distance swim.

Althougheffective warm up strategies are determined by the intépsnd duration of the
warm up,the transition between the enadf the warm up and commencing the competitive
event can have a significant influence on the physiological preparedness of the athlete
(McGowanret al. 2015).Many studies have demonstratatie effects ofwO; kinetics can be
maintained after a five to ninenin recovery period (Burnlegt al. 2000, Inghanet al. 2013)
andsignificant improvements in 20@ freestyle performancéave been showby reducing

the transition time from 45min to 10 min (Westet al. 2013, Zochowsket al. 2007). The
recovery periodshould be long enough to allow the-synthesis of phosphocreatine stores
but short enough so that the core and muscular temperature and volume of oxygen remain
elevated. 95% of phosphocreatine canneesynthesised within four mifvVolek 2001). Peak
power has been reportedo improve following a six mimecovery period after a high
intensity warm up $argeant and Dolan 198 A/olume of oxygen can return to the baseline
within five min.Core and muscular temperature is significantly reduced followiibdo 20

min of passive recovenherefore a recovery period @t leastfive min but less tharl5 min

will provide the optimumeffects of the warm up.In order to correctly observe the
magnitude of the effects of different warm up intensities, the performancesesed tobe
carried outas close to the end of the warm up as possiikeet he parti ci pant’ s

has significantly decreaskto ensue they have recoveredrom the warm up exercise
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(Zochowskiet al. 2007). Paticipantsin this studywere only given a five mitransitional
period. During the transitional phaséhe participants were instructed to dry off, remain

seated and to stay hydted.

2.8 Current Swimming Warm Ups abo@petition

At the ASA South West Regional Championskipenmers are given 3fin in the pool to
complete their warm up. Due to the large number of swimmers competing, the warm ups
are split by gender (see appenddx meaning that the first event of the session can baap

an hour after the start of the first warm up period. Swimmers can wagitto two hours
between their warm up and their first race. Before entering the water, swimmers tend to
complete a basic rage of flexibility exercises focusing on increasing the range of movement
in the shoulder and hip joints and lower batksuallyswvimmers thencomplete400-600 m

of low intensity swimming, including some drill andtroke practices, followed by some
practicestarts with 15m sprints. Swimmers leave the pool, change into their racing costume
and wait to be calledby the coach to get readpr their race They willgothroughtheir race

plan with their coach and report to marshalling 15 to 20 min prior to their radeAge
Groupcompetitions transiional phases of 30 to 45 mare very commonSwim coaches are
offered conflicting opinions by coaching manuals watime suggestingorief, low intensty
warm ups (Colwin 2002, Wright and Copland 2084J others suggesting longehigher
intensity warm ups (Brooks 2011, Salo and Riewald 20@&ying coaches to make their
own warm up protocols based on trial and error rather than scientific reseansim S
coaches commonly apply a low intensity warm up as it is traditionally thought that this
would save energy for the race by maintaining the glycogen stores and limit the risk of

fatigue through the builelp of lactic acid associatedt a higher intengy warm up Thisis
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supported by Gossen and Sal@000)study that reported a fatiguing effect after a high
intensity warm upinvolving isometric knee extensioithese warm upseem to be based
completely on mobilization of joints and performing skills with best technique, without

consideration fothe physiological responses needed to enhance performance.

Core and muscular temperature rise more slowly in an aquatic envirohipecause the

water temperaturei n  a s wi mmi ng pool i¢Hdelew skiretemperd2ure® C a n o
Due to the lower temperature, Zochowsdd al. (2007) suggest that swimmers will need to

perform a longer and more intense warm up in order to increasee cand muscular
temperature to the level related to performance improvements. A high intensity warm up

will produce elevated core and muscular temperature which theoretically would result in a

better performance. A low intensity warm up will elevate tlegriperature to a leser extent

therefore, in principle it would not prepare the bdy as successfully for a race. However

date there has been no systematic investigation of the effects of warm up intensity on

swimming performance.

Whilst coaching manals statethat warm ups shouldocus on performing sks with best
technique most swimmers performing low intensity aerobic swimming tend to drop their
kick pattern to a two or four beat kick rather thamaintainthe optimal six beat kick which
has beershown to enhance distance per stroke, increase rotation and improve stabilisation
of the trunk assisting in streamlining (Sortwell 201A)ow intensity swim using a two or
four beat kick patterrwould not be considered by many coaches as best techniuang

the race a strong six beat kick will be required for optimal performd@=taet al. 2012)

therefore ensuring an elevated muscular temperature in the legs is a key priority for the
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warm up. It is not conventional for swim coaches to incligtgated kick practices (without
the use of arms) during the warm {Brooks 2011, Colwin 2002, Wright and Copland 2004,
Salo and Riewald 2008)Vhilst the kick pattern during the race will have very limited direct
propulsion, it indirectly has a signifitaimpact on maximal swimming speed. Coaches
aware of the important role&ick plays ina race which often leads ta fear that warm ups
which includeisolated kick exercises will result in lactic acid accumulation and fatigue the
legs rather than ensurthat they are sufficiently primed and ready to work at maximum
intensity. Dropping to a two or four beat kick pattern during an aerobic swim may be
insufficient to raise the muscle temperature. Comparatively, integrating an isolated kick
exercise into tlke warm up will encourage a greater amount of blood flow to the large
muscle groupshat perform the kick actiorand thus potentially preparing them better for
the subsequent performancédowever to date there has been no systematic investigation

of the effects of isolated kick practices on swimming performance.

2.9 Summary of Literature Review

In summary, swimming is an early specialisation spdegmonstratedby Youth swimmers
competingat the hghest level England Talent Programméscus on current results okge
Groupswimmers rather than identifying future potential. In order to be selected for the first
phases ofEngland Talent Programmesaining camps,Age Groupswimmers require
successful competitive performance; lending thengpary focus to competition which is
contrary to academic research which sugge&tge Grouptraining should be focused on

aerobic development.
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Studies have shown thathildrendevelop through maturation at differing rates; therefore
children of the samehronological age have differing physical characteristics such as height,
weight and somatotype (lulianBurnset al. 2001, Malineet al. 2006, Malina and Geithner
2011). Tests have shown maturitglated difference in speed, strength and stamina
(Katzmargka et al. 1997), and physical stature has been shown to influence swimming
performance (Grimstn and Hay 1986). Training fAge Groumthletes can be a significant
contributor to wWOxmax Whereas sexual and skeletal maturities are significant contrilsutmr
speed ad muscular strength and poweraiy maturing athlete have a distinct advantage

in Age Groupcompetition and therefore more chance of being selected for British
Swimming TalenProgrammes. Coaches try to produce a training programme whidbwol

the LTAD framework but also must create strategies to maximise performance of both early

and late maturing athletes; of which warm ups should be considered.

200 m front crawl performance is a oraff maximal effort swim at an intensity close to or
atan at kOxeulasting slightly over twanin. Long efficient arm strokes performed
with a high stroke frequency and a continuous kick are needed for optimal swimming
performance (Sortwell 2011). Efficient anfegtive stroke mechanics relyeavily on the
strength of the legs to produce a consistent kick pattern (Gettal. 2012) and starts, turns

and transitions rely on leg power (Breed and Young 2002) therefore it may be necessary to
include activities in the warm up that target the leguscle groups. Many studies have
demonstrated thatwOzmaxand the amplitude of the primary component @O, kinetics are
directly correlated to average speed (Soesal 2011, Figueiredet al. 2011, Figueiredet

al. 2013, Strzaleet al. 2015, Lattet al. 2010). Increasing the amplitude of the primary
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component ofwO; kinetics will reduce the contribution of the anaerobic metabolism during
the first 90 m lap and subsequently reduce fatigue and increase exercise tolerance.
Enhancing the amplitude ofthe primary component ofwO, kinetics should be of

consideration for the warm up.

The effects and ideal structure of the warm up is not well known (Netiva 2011). Whilst
swim coaches place great importance on their warm up procedures, they areeaffer
conflicting opinions by coaching manuals on the duration and intenigigging coaches to
make their own warm up protocols based on trial and error rather than scientific research.

Warm ups can enhance performance through their physiological effectghenbody

(Zochowsket al. 2 0 0 7 ) ; the most i mportant effects ar
core and muscul ar temperatures. Aredticethg er at u
occurrence of injurySargeant (1987) states that muscle warmed to 839G i mpr oves p

force and power output by 11% when compared
and Zochowsket al. ( 200 7)) state that haemogl obin deta
oxygen at 41°C as opposed to 36°C and that
Cardiovascular, muscular and metabolic function along with nerve conduction rate can all be
increasedby completing a warm up (ZochowsHi al. 2007). Bangsbet al. (1996) suggest

that muscle pH should be 7.1 in order for optimal enzymatic reactions to occur and enhance

the rate of metabolic reactions. Priming exercises can increase the amplitude offitinaryp

component of O, kinetics through an effect known as speedingof wO; kinetics. This

means the primary component will predict a higher rate of work and increase the volume of

oxygen uptake to match the prediction, subsequently reducing the slomvponent and
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associated decrease in muscle efficiency and increase in levels of fatigue and energy cost
(Rossiteret al. 2002). Whilst many studies support the inclusion of priming exercises (Bailey
et al. 2009, Baileet al. 2016, Inghanet al. 2013, Joneet al. 2003), they can cause fatigue

and impair performance. Therefore athletes should allow a recovery period in between the
priming exercises and the beginning of their competitive performance. This stutly wi
compare the results of a 208 freestyle grformance using different warm up protocols

that manipulate intensity and include or exclude isolated kick practise.

In order to approach this question scientifically, intensity will be quantified using an
objective measure and prescribed as iaternal andexternal workload. A pilot study was
conducted to ascertain if blood lactate testing would be an appropriate method to quantify

internal workload The external workload wasrescribed as a percentage of MAS.
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Chapter 3

Methods
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3.1Pilot Study

3.1.1Aims and Participants

A pilot study was conducted using seven males and two femaleslgagé.73yr9. The aim

of the pilot study was to ascertain if blood lactate testing should be used to quantify
exercise intensity. All participants provided written informed consent to participate in this

study. Written informed consent was also provided by the parfica nt * s par ent or
This study was approved by the University o

(see appendix K).

3.1.2Method

The method follows that set out by Maglischo (2003) usingiremmemental 5 x300 m
incremental swintest. Participants arrived on poolside 5 min before the start of the session
where they were instructed to sit down in order to take a resting blood lactate sample.
Participants then completedvie 300m swims with a one min rest period after each swim
trying to swim faster than the previous 306 swim repeat. All swims were startead the
water with a push andswimmers were instructed to sm at an even pace throughout.
Blood samples were tak after each of the 300n swim repeats. Heart rate and rate of
perceived exertion wee also recorded after each 308 swim repeat.Fingertip capillary
blood samples were drawn and assayed for blood lactate concentrasorg a Lactate Pro
Blood Lactate Test MeterA risk assessment on blood sampling was completed (see

apperdix L).
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3.1.3Results

Table 3.1 showsthe Mean = SDblood lactate conentrations and time of the 30@n

incremental swim testFor compéte result please see appendixAll participants increased
their speed significantly across each 360 swim repeat, and therefore the external
workload has incrementally incread throughout the testParticipants displayedignificant

variations in resting blood lactate concentrations with marshowing elevated

concentrations before commencing exercise. Many pai ci pant s concentr
their lowest value on the second and third swim repeats, suggesting that the internal
workloads are at their lowest. Participants M4 and F1 showed a lower blood lactate values

on their highest external workload than thegwious lower external workload. The internal

and external workloadsid not match up during the study.

Table3.1 Mean+ SD blood lactate measufenM) and time §) of 300m incremental swim
test.

Time (S) Blood Lactate (mM)
Resting 1.1 + 07
Step 1 310 £+ 20 15 £+ 05
Step 2 289 + 17 1.0 £+ 0.6
Step 3 270 £+ 9 1.8 + 1.2
Step 4 258 + 11 27 + 1.3
Step 5 245 + 11 43 + 2.0

3.1.4Conclusion

The majority of the participants did not reach the required blood lactaference point of

4 mM in order to set the high intensity swimming speed for the warm up protocols (see
appendix C)The results of this pilot study are in line with other literawn blood lactate

responses in children at or close é:max(Tolfrey and Armstrong 1995)s blood lactate
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may under predictntensity;this method was disregarded ande performance measure of

MAS was the sole method used for quantifying exercisensity.

3.2 Participantsand Recruitment

This study was approved by t he Ethios Comenitteei t y o
(see appendix K)'he researcher holds an Enhanced DBS Certificate in order to work with
children (see appendi®). Swimmers were eligible for the study if they had competed at the

2015 ASA South West Regional Championshes/enteen competitive Age Group

swimmers § = 9males, age 12 + 1.22yrstature 1.58+ 0.10m, mass 49.3 £ 9.75kg; n = 8

females, age 12 + 0.99yrstature 158 + 0.09m, mass 48.6 + 7.79kg)ere recruited and

provided written informed consent tparticipate in this study (segppendixE). The consent

form explains the participantsight to anonymity and confidentiallglong with their right to

withdraw from the studylnformed consent was also provided by the pagiegent ' s par ent
guardian (see @pendixF) and they completd a health questionnaire (se@pendixG/H) to

ensure they wee fit and healthy to participaten the study. Throughout the testing
procedures participants were asked to follow their normal training routine. They were asked

to attend each testing session well hydrated, having avoided caffeine for three hours prior

to testing, suspended their norm#édaining 12 hours prior to testing, and to have followed

their usual competition preparation strategill tests were separated by at least 24 hours.

3.3 Study Design
This study used a repeat measures design. Participants were testiakeatcasions oer a
two week period at the end of the competition phase of training. Tingt session was

utilised to determine the intensity of swimming efforts. The remaining four sessions tested
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different warm up protocol designs. All pool based experiments were &etepn a 25m

indoor swimmingpool. Water and air temperature was measuteat the start of each
session by the Leisure Centre’s Duty Manag
(AQUATEMP waterproof thermometer manufactured by E.T.l), brtd a wall mounted
thermometer (Defiance Max / Min push button thermometer, temperature r ez
wWithin2®28C Can8020° Cespectively. Hu mamdairt y wa ¢
duct senor Trend Duct Humidity & Temperature Sensor HT/D/2#) measured~55%

Participants were tested in morning (starting at 8.00am) as per their normal competition
routine. All testing protocols follow similar patterns to their own training and competition
sessions and therefore the researcher decided that tltipipants did not require a
familiarisation session. The determination of the order of the warm up test was
counterbalanced.Assessments were conducted in the mornings so that the researcher

could adhere to following pre testing procedures (1) refraionfrconsuming food for at

least two hours before assessment (2) refrain from exercising for a twelug Iperiod

before assessment (3p empty their bowel and bladder before assessmefit {o wear

swimming costume/shorts (where appropriate)d(b) to remove all jewellery. For logistical

reasons, all participants followed the same testing proceduResticipants were asked to

wear the same swimming costume, hat and goggles for esatiynmingtesting session.

With the cooperation of the regular coaches, itilmg volume and intensity were kept as

consistent as possible throughout the duration of the study.
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3.4 Test Protocols

3.4.1Determination of exercise intensity test

To evaluate maximal aerobic sped¢ke participants completed a five min maximum effort
swim time trial test (Barker 2011). The aim was to cover the maximum distance possible in
five min. The distance covered measured to the nearest matrd usingEql 100% of
maximal aerobic speed (MAS)asv calculated Participantswere set individual external
workloads usindg=q2and Eq3of low intensity(LI = 70% of MA@nd high intensityfHI = 90%

of MAS) These percentagefor maximal aerobic speed wetalculated into 50n split times

so that the paricipants can swim at the required wadokad.

Partcipants were given a 20 miwarm up phase to complete their own warm up and a five
min transitional phase of passive recovery before conducting the five min time trial. During
the transitional phase the participants were instructed to dry off, remain seated and to stay

hydrated.

3.4.2Warm up test

Four different warm up protocols were designed to manipulate the two variakiek and
intensityasbw i ntensity without kick (control gro
standard warm up protocols), low intensity with kickglm intensity without kick and high

intensity with kick. To ensure the reliabilitgnd validity of the testing, each exercise bout

during the warm up was set for a time rather than distance, i.e. low intgrissestyle swim

for six minas opposed to lowniensity freestyle swim for 40éh. This aims to reduce the

impact of stroke technique affecting théesired physiological responsbecausea more

efficient and effective technique will complete a set distance in a short time frame and may
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not produce the @sired physiological response (Barbagaal. 2008). In order to isolate
these physiological factors, many parts of a standard competition warm up had been
removed as they maimpact the results. fiese warm up protocols have not included any
skill, psychalgical or tactical preparation. The tests were completed in a counterbalanced

order using a Latin square desidrable 2shows the warm up procedures that were tested.

Table3.2 Warm up protocols

Warm up protocols

1. 5 min pre-pool programme
2. 2mineasy front crawl swim
3. LW: LK: HW: HK:
6 min front crawl 6 min front crawl 6 min front crawl 6 min front crawl

swim @ 70%MAS  swim @ 70%MAS  swim @ 90%MAS  swim @ 90%MAS

2 min front crawl 2 min front crawl
kick holding kick kick holding kick
board board

4, 2 min easy front crawl swim

5 5 min passive recovery period

Condition: LW = low intensity without kick, LK = low intensity with kick, HW = high intensity
without kick, HK = high intensity with kick

All warm up protocols started with a pyool programme(a routine of land based exercises
(see AppendixK) designed to mobilise joints and activate key muscle grpuplse
participants were given five mito work through as much of the programme as poksib
The participants then entered the water and swam front crawl at a low and comfortable
intensity. During the warm up protocols the researcher used a whistle to signal the end of
each sectionUpon hearing the whistlgarticipants returned to the end wigbefore starting

the next section.Participants then swamat set target intensity for sixmin. This target
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intensity swimming pacevas set based on their maximal aerobic speed. The researcher
explained to the participant what their target 58 split timeshould be for the intensity

swim. A card was shown to the participant as they exited eaam Sidmble turn in order to

allow the participant to understand the pace they are swimming and encourage them
towards the prescribed pace. If the participant wagjuged to increase their swimming

pace the card they were shown stated *‘FASTE
speed to meet the desired pace the card st at
at the correct paceCEhe Thesle statesds w&OODalP
the ease of understanding by the participantd.the end of thesixminutes the whistle was

blown and the participants returned to the end wall. If the warm up protocol presdribe

kick the participants then comleted two min of steady front crawl kick using a float or kick

board, then finally the participants were giveme min of low comfortable intensity front

crawl swimming before exiting the pool.

Following the warm up protocaglshe participants had fivenin passive recovery where they
were instructed to get dry, sit down and sthydrated before they swam a 200 freestyle

time trial at maximum effort. The time trial was timed manually on a stopwatch and
recorded t00.01s. 50m split times werealso recorded in order to identify and understand
variances in performance. The participants were allowed to complete a swim down of their

choice before exiting the pool.
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3.5 Data Analysis

All data was checked for normality using the Shapiftk test. Data was found to be
acceptably normal, and analyzed using tway repeat measures ANOVA. For total 200 m
time a twoway ANOVA intensity by kick was performed. Fifty metre split times were
invedigated using a twavay condition by distance ANOVAjg was preferred to a three

way analysis which would be difficult to interpret. For all statistics, the significance level was
set atP< .05 and the magnitude of the effect was measured by’EDAta are prsented as

mean and SD unless @twise stated.
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Chapter 4

Results
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4.1 MAS test
TheMAS test results show a mean speed of Ini6! +0.11m.s?, 70% of MAS a mean of

0.81m.s1+0.08m.stand 90% of MAS a mean of 1041 +0.10m.s.

4.2200 m Time trial

Table 41 shows themean + SDof total times for eeh warm up protocol and Figur 1
shows the differences in totalrtie. The tweway ANOVA test showetthat there was no
significantinteraction effect betweenntensity*Kick (P6.171- ETA0.114),or main effect

for Intensity (P9.131- ETA0.137) andmain effectfor Kick (P value 0.69ZTA0.010).

Table4.1 Mean+ SDvalues of lapimes for each warm up protocols

Total Times 50m 100m 150m 200m
Condition

LW(s) 36.81 + 3.A 79.02 + 7.61 122,95 + 12.24 164.98 + 16.23
LK(s) 37.00 £+ 3.66 79.63 + 8.48 123.48 + 12.52 165.78 £ 16.57
HW(s) 36.80 £+ 3.30 78.30 £+ 7.37 122.64 £ 11.34 164.92 + 14.74
HK(s) 36.89 + 3.23 78.91 + 7.42 122.76 + 11.10 164.39 + 16.3

Condition: LW = low intensity without kick, LK = low intensity with kick, HW = high intensity
without kick, HK = high intensity with kick
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Figure4.1 Mean + SDvalues of total time for each warm up protocofSondition:LW= low
intensity without kick,LK= low intensity with kickHW = high intensity without kickiHK=

high intensity with kick

Table 4.2shows the mean + SD of split times. The 4wy ANOVA test showed that there
was no significant interactioeffect between Condition*Distance (P=0.79BTA2 0.029-
small effect size) or main effect for Condition (P=0.7@ETA2 0.029- small effect size).
Main effect for Distance was statistically significant (P=<0:0BTA2 0.905- large effect
size). Main #ect on Dstance has been represented graphically in Figure 4.2 and has

reported that there is a difference on split times as the participants are progressing through

each split. This difference is account from by the pacing strategy used by the swimmers.
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Table 42 Mean+ SDvalues of splitimes for each warm up protocols

Split Times 50 m 100 m 150 m 200 m
Condition

LW(s) 36.81 + 3.#A 42.21 + 4.36 43.93 + 4.77 42.03 + 4.21
LK(s) 37.00 + 3.66 42.62 £+ 4.9 43.85 + 4.17 42.12 + 4.25
HW((s) 36.80 + 3.30 42.11 + 4.32 43.74 + 3.89 42.11 + 340
HK(s) 36.89 + 3.23 42.21 + 4.28 43.67 + 3.88 41.75 + 3.78

Condition: LW = low intensity without kick, LK = low intensity with kick, HWyh=intensity
without kick, HK = high intensity with kick

44.00
43.00
42.00
41.00

40.00

Time (s)

39.00

38.00

37.00

36.00
50 100 150 200

Distance (m)

Figure4.2 Mean values of split times across each warm up protoc8B error bars are
omitted for clarity of trend across four different warm up protocols. SD can be seen in table
4.3.
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Discussion
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5.1Key Findings

The aims of the present study were (1) to compare the effect of high and low intensity warm
ups on 200 m freestyle time trial results Age Groupswimmers; and (2) to compare the
effects of warm ups that include and exclude an isolated kick practice on 200 m freestyle
time trial results ofAge Groupwimmers.Thekeyfindings of this study is that therevasno
statistically significant change 200 m freestyle time trial results gfge Groupwimmers in
respect oftotal time or split timeswhen manipulating intensity and lkioariables during the

warm up The results of the present studyupport the findings of Neivatal. * s (1 2016) &

Houmardetal. ' s (19 9whqQ both found nces$astical significant differences to
performance after high and | ow intensity war
there was a difference in stroke frequency and stroke efficiency during their 100estyte
performance tests. The high intensity warm up produced a more efficient stroke with a
lower stroke rate; this would be the desired stroke mechanics for 200 m freestyle
swimming. Combined with their physiological differences after the performands, tése

high intensity warm up displaying higher core temperature and lower blood lastaitess
would suggest an enhanced exercise tolerance and improved time to exhaustion. These
physiological differences would be the desired response during a 200 m freestyle swim.
However the pacing of the 200 m freestyle performance tests remained the samel for al
warm up protocols which could suggest that the warm up protocols did not stimulate any
physiological and mechanical differences or that they have had no effect on the overall
performance. This study is unable to state for certain that there was any iplygical or
mechanical differences due to warm up protocols as these measures were not {Eken.

results highlighéd a common pacing strategy used by all participaftsnay be difficult to

fully understand to the requinments of the warm up to produca state of physiological
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preparedness without further research into why this particular pacing strategy is employed

in 200 m swimming.

Whilst kick has limited direct propulsion, in stabilising the trunk it improves body position
and reduces the amount aksistance incurred by the athlet@attaet al. 2012) Overall
stroke efficiencyand maximal swimming speed are affecteyglthe kick patternThe results

of this study suggest thahcluding twomin of isolated kick practise in the warop does

not appea to enhance performance by encouraging blood flood to the larger muscles
groups and increasing muscular temperature. Aksck does not appear to produce a
fatiguing effect through a build up of lactic acid that many coachespect The results of
this gudy suggest that xcluding isolated kick from the warm uagain appears to have
very little bearing onperformance. Thse resultsmay suggest that low intensity aerobic
swimming where athleteadopt a two or four beat kick pattern may be sufficient to raise
the muscle temperaturen the legs Therefore itmay not be necessary to include kick a
warm up to achieve optimal performance but similarly including two minutes of kick
appearsnot to impair performance.To the best of the researchierknowledge there is
currently no other research investigating the effects of kick during a warm up on

performance in swimming to compaveth the resultsof this study

Whilst the normal temperature of waterin a swimming pool (between 27@Gnd 29 C
causes core and muscular temperature to retea reduced rate to equivalent dry land
activities contrary to the suggestions made Bpchowsket al.Q @007) studythe results of
this study suggest thawimming at 70% of MAS for six mappears to be sufficiertb raise

temperature for optimal performancelhese results suggest thawisnming at 90% of MAS
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for six mindoes not appear to enhance performanbg havinga priming effectunlike
observationsin runningstudies (Baileyet al. 2009, Baileyet al. 2016, Inghanet al. 2013,
Joneset al. 2003)nor does it appear to fatigue thewvimmeror have a detrimental effect on
performarce. Swimming at 70% or 90% of M#® six minappears to hag limited effect on
performancetherefore it is unnecessary for athletes tamn up at this higher intensity but
similarly will not impair performance if athletes do warm up tlahigher intensityand is

supported by the results of Neivtal. * s ( 20 1 6 ) etaln(d991H studiesa r d

The results of this study suggestete is not a coupling effecwith the kick x intensity
variables eitherthere was no statistical significant difference whetilising both variables
compared toforgoing both variablesMany studies tte that a warm up will improve the
maximum and mean propelling force in front crawl (Neetaal” s 2 0 1 &t,al 2BU8,i v a
Zochowsket al. 2007), however these studies do not elaborate on structure or content of
the warm up. The present study’ aldtod@mih t s ap
warm up is sufficient to achieve an optimal performaneewever, the content focused on
physidogical responses of the warm up seeno have little influence on the ovatl
outcome of the performanceCoaches mightbe correct in focusing their warm up protocols

on performing skills with best techniqueather than physiological preparedness; this

supports the findings of Alemiaetal ' s (2010) study in referenc:

learning during the warm up. The authors suggest that the warm up is necessary to restore

an athlete’s skiINeiwmettalo' sa (f2 Ohledlydeddndrysngcad re .
up led to significant improvements in the stroke mechanics, yet the assessed physiological
and psychophysiological variables did not seem to be influenced. These findings evidence

the postive influence that usual warmp have on swimmmg performance, which appears
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to be mostly related t o Itihworthsetingniatemasfge t ec hn
Groupswimmers would compete in multiplevents during the same session with only one

warm up and many have up to one hour transitionripd. Given that there was no
significant performance improvement across the warm up protocol, even with a short
transitional period and only one focused time trial; thegticalapplication of these findings
suggestghat Age Groupwimmers should warm up at a low intensity without isolated kick

practiceas it isno proven performance benefih doing anythingmore.

5.2 Pacing Strategy

The energy cost 0200 m freestyle swirmingis comparable to that of 80 running,but
signifcant differences across the two sports in their appreesto racing may account for
why priming activities appear to be successful in running but not in swimming. Pacing
strategies in runimg focus on a positive splithereby the first half of the race ifaster than
the second(Fosteret al. 1994, Tuckeret al. 2006). World recorder holder David Rudisha
(48.9s, 52.15), and other world class runnemilson Kipketer (49.8, 51.8s), Joaquim Cruz
(49.7 s, 52.05) and Sebastian Coe (49s7 52.0 s) all employ this race profilgSpeed
Endurance 2016 It istherefore understandable that 80én runners are reaching the severe
intensity, close towOzmax quickly in the race As demonstrated in a number of studies
(Baileyet al. 2009, Baileyet al. 2016,Inghamet al. 2013, Jonegt al. 2003),800 m runners
who complete awarm up that includes high intensifgriming activities that speedO;
kineticsand providea greater amount of oxygen at the beginning of the race relae
anaerobic metabolism for tar in the racemearing that they are able tosignificantly

improvetheir exercise tolerance anplerformance
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In swimming pacing strategies are focused on negative splitting, whereathéetes aim to
consewve energy during the first half in ordéo swim at maximum effort in the secontdhe
race profileobserved in this study (see fig3}is a very cmmmon strategy used by elitAge
Group Youthand Seniorswimmers.Table5.1 shows the race profile and pacing strategy for

men’ s and wofmetyle’ world 2e608ds(Swimming World 2016and the 2016
British SummerNational Championships medallitir boys and girlsaged 13/14, 15, 16
years(British Swimming 20)6Themeanz+ SDof the elite race profilefor each 50m split(s)
is 27.94 + 1.3430.22 + 1.64, 30.58 + 1.63 and 29.94 + IeBpectively.

Table 51 200 m Freestyle race profiles

50m 100m 150m 200m Total time

Mens L/C world Record 24.23 25.89 26.18 25.70 102.00
Womens L/C world Record 27.34 28.26 28.78 28.60 112.98
Girls 13/14 years 1 29.78 32.34 32.05 30.95 125.12
Girls 13/14 years ? 29.54 32.13 31.43 32.00 125.15
Girls 13/14 years'3 29.32 32.61 32.63 31.78 126.43
Boys 13/14 yearssi 27.80 29.61 29.89 29.73 117.03
Boys 13/14 years™® 28.15 29.89 31.08 29.85 118.97
Boys 13/14 years'3 28.23 30.65 31.80 29.36 120.04
Girls 15 yearsl 28.33 31.16 31.01 30.04 120.54
Girls 15 years™® 29.09 31.47 31.35 31.23 123.14
Girls 15 years'3 29.26 31.16 31.52 31.28 123.22
Boys 15 yearssi 26.49 29.39 29.94 29.37 115.19
Boys 15 years™ 27.26 29.22 29.56 29.29 115.33
Boys 15 years'8 27.00 29.68 30.02 29.33 116.03
Girls 16 years®l 28.49 31.11 32.19 32.29 124.08
Girls 16 years™@ 28.68 31.34 32.39 31.68 124.09
Girls 16 years'3 29.02 31.66 32.40 32.09 125.17
Boys 16 yearssi 26.74 29.03 28.98 27.34 112.09
Boys 16 years™ 27.14 28.94 29.23 28.20 113.51
Boys 16 years'8 26.83 28.94 29.25 28.72 113.74
Mean 27.94 30.22 30.58 29.94

SD +1.34 +1.64 +1.63 +1.74
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This pacing sheadte-heady dmsr gor swhelre athletes d
win rather than achieve a best time. Duringh®adto-h e a ttieé actions of the opponents

will influence the race dynamics and strategies employed. Mdsetes will aim to do just

enough during the beginning and middle sections of the raoaserving as much energy as

possible for the sprint finisin order to win During a@headto-h e a aftén,it is the athlete

who is most efficient during the begimg and middle sections that win as they have much

more to give during the sprint finish. In comparisont i m epacing stratdgiesre aimed

at achieving best timeand, notably world record timesjseeither positive or even splitting

across the beginning, middle and finishing sections of thee However the 200 m

freestyle world record split times follow ‘aeadto-h e asdt’r at egy r atthadr t han
strategy which would suggest that thereeaother factors influencing the pacing strategy

employed by elite swimmers.

Thestarting dive andsubsequentiransitional underwater phase is when trssvimmerwill

be travelling the fastest (Blanksley al. 2002) During the staring dive,swimmers areable

to generate a large amount of power as the starting block provides a stable platform unlike
water ( Z a et alr2012) Whilst the dive requires maximal effgiit is a short, single effort

and therefore will have limited effect on how quickly swimmers wéhch Ozmax
Svimmerswill be able to travel faster through the aamd have been observed toeach
distances up to 3.75 before entering the water (Blitvicat al. 2000) Upon entering the
water, swimmerswill already be travelling faster than from a push on the waaid
considerably faster than freestyle swimmitfgerefore, providing they are able to extend
into a streamlined position whilst in flight, theyill be able to maintain much of this speed

(Cohenet al. 2011) Swimmers then perfornstreamlined underwater fly kickThis is the
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most efficient method of travelling through the water and is focused on minimising
decelerationtherefore one can assume dh streamlined fly kick off the start will maintain a
faster speed than streamlined fly kick off the tuss maximal speed is higher off the start
than off the turn(Lyttle and Keys 2004Cohenet al. (2011) also state that the underwater
fly kick requirs minimal physical exertion and therefore should have little influence of how
quickly swimmers reackbxO;max The first 156m of the race is the fastest sectidasting
betweensix and eightecondgGarciaRamoset al. 2016 Westet al. 2011), whilst the effort
level isrelatively low The addition speed of the first 58 split time can be attributed to the
dive start and underwater transition rather than a high intensity swimming spébis. is in
contrast to &0 m running whereduring the first 200 m splt athletes are using large
amounts of energy to accelerating up &md maintainmaximal speedwhich will have a
significant impact on the time taken to reach severe intensityckeret al. 2006). There is
limited variation in the first 50n split timein this studysuggesting that including isolated
kick practice with the intension of raising leg muscle temperature has had little or no effect

on start and transitional fly kickerformance.

Svimmersslow down during the middle section of the race to ensure that they are able to
finish at maximum speed. Slowing down in the middle section of the race means that the
intensity only reaches severe or closeu@:maxat the end of the raceln the presenttudy,

on averageparticipantsdo not reachsevere intensity until 122.95 after the start of the
performance. The effects of primingncluding aspeeding ofwO; kineticsby increasing the
amplitude of the primary componemhay therefore have limited bearing on performance as

the severe intensitys not reached quickly enougkzl (ie2 #.Q & 6 studyvam variable
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velocity identifies that maintaining speed idry land activities requiredower energy
expenditure than swimmmg. 800 m runners are therefore able maintain effective running
mechanics whilst fatiguing during the second lapich justifies their positive split race
profile. 200 m swimmers will not be able to maintain effective stroke mechanics while
fatiguing in he back end of the race and therefore will have to slow down during the middle
section in order toensure they finish at maximapeed. Fatigung swimmers willhave
poorer stroke mechanics anébr these swimmerdo maintain velocitywould require an
increase energy expenditurghichthe swimmer maynot be able meet and would result in

a further reduction in speed. The impact of variable veloaitygke length, stoke frequency
and kick patternon effective and efficient technique (Kolmogorov and [aghleva 1992)
require the 200m freestyle race profile to negativeplit for optimal performance, thus
limiting the impact of the physiological effects associated with high intensity priming

activities.

5.3 Limitations

There are some limitationsf the present study. First is the method of sampling; the
samples consisted of anyor the swimming clulwwho competed at 2015 ASA South West
Regional Championships andas willing to take part in the study. There was not any
method of random sampling and is therefore less likely to give a true representatitie of
whole population.The sample size is also relatively smalfily 17 participantsmaking it
harder to disthguish any correlations between warm ups and resaitd therefore difficult

to makeany generalisations to the greater population
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This study was performed for a specific race ev&Muhilst participantswere required to

have compted in the2015 ASA Soln West Regional Championships, there has been no
insight into which event or events these swimreerompeted at this higher levefome of

the participant may have been focused and successfidwamts that arecontrastingto 200

m freestyle and requirea different skill set, race plan and physiological profikhe
researcher acknowledges that ideally this study would have only used swsnniey
gualifiedfor 200 m freestyle at the 2015 ASA South West Regional Championship in order to
enhance the accuracgnd validity of the findings. Howevethe researcher did not have

access to any more participants.

All of the participants were considered to l#gge Groupathletes (14 years and under),
however there issignificant diversity across chronological age, gty offset, stretch

stature and body mass.

The test is a maximal effort test and therefore required participants to be highly motivated.
Whilst the researcher provided motivation and encounagt to the athletes, it is not
possible to tell whether the athletes actually completed the test with maximal effort,
therefore some of the results may be inaccurate as participants may not have been fully

motivated.

This study is able to suggest physiological factors that may have influenced the performance

results, however it is unable to state exactly what is physiologically happening as these

measurements were not taken. Neit al. * s (1 2016) St uémperamn®eni t or e

using an ingestible temperature sensor that transmitted a radio signal to an external sensor
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in order to enhance the understanding of par
after each warm up protocol and 100 m freestyle time tridarboseetal’ s (1 2008) st
uses a respiratory snorkel and valve system connected to a telemetric portable gas analyser

to provide breath by breath gas analysis. The researcher acknowledges these methods
would allow for more meaningful conclusions te drawn from the results. These methods

were not used due to the equipment and facilities available to the researcher.

To prescribe the correct pace for the intensity swims during different warm up consliton

50 m split time was calculated for each swmer. The split times were monitored by the
researcher and feedback was given to the swimmers during their swim. After completing

their tumble turn and underwater fly kicks they were instructed to breathe to the desired

side to see the researcher showingé m a card stating either * FA
PACE' . The resear cher ac &accoracy and theessvimmensaate t hi s
not aware of how much faster or slower they need swim. The method used by Babalka

(2008) of underwater paceaker lights on the bottom of the pool to control swimming

speed would have improved the accuracy of the prescribed intensities. This method was not

used due to the equipment and facilities available to the researcher.

The author also acknowledges possibbhknown variations in day day performance due

to daily events occurring outside the pool.
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5.4Recommendations

This study recommends future research shdoddcarried out to investigate the influence of
differing pacing strategies on 200 fneestyle performance to validate assumptions made by
the present study on optimal race profil®&esearch should be conducted to assessgh
intensity priming activities and isolated kick practice has any influence on performance in

Youthand Seniorswimmers, across different evengnd the impact on a full day of racing

Alsqg further investigations should assess the physiological workload profile of the current
negative split pacing strategy used in 200 m freestyle swimming inr dcd@nderstand
when swimmers argeaching their maximal workload. With an enhadaenderstanding of

the workload one could then conduct more -tiepth research into warm up interventions
that could improve performancesuch as the inclusion of peattivation potentiation

exercises prior to performance.
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Chapter 6

Conclusion
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6.1 Conclusion

The aims of the present study were (1) to compare the e$f@fthigh and low intensity
warm ups on 200n freestyle time trial results oAge Groupswimmers; and (2) to compare

the effects of warm ups that include and excludeisolated kick practice on 200 freestyle

time trial results ofAge Groupswimmers.The results show that there is no statistical
significant difference across any of the fomarm up protocols that manipulate the different
variables. Whilst high intensity priming exercises have been reported to make significant
improvements in 800m running (Baileyet al. 2009, Baileyet al. 2016, Inghanet al. 2013,

Joneset al. 2003), thisdoes not appear to be the case in 200swimming.

This study suggests that the pacing strategies employed by swimmers compared to runners
accounts for this difference. Runners employ a positive split pacing strategy where the first
half of the race reques a high energy output and reach the severe intensity, close to
zmax Near the beginning of the race and attempt to maintain the intensity for as long as
possible throughthe duration of the raceSwimmers employ a negative split pacing
strategy,where the first section of the race is performed with a &wintensity in order to
conserve energy for the endf the race This study proposes thdifference in pacing
strategies is due to the different levels of dimshed technical ability causeay faigue in

each sport.

Whilst including isolated kick practices would suggest an increaséeg muscular
temperature, thus improving performance in starts, underwater transitional fly kick and
stroke efficiency, the results of this study suggest that tbg@ muscles are sufficiently

warmed during freestyle swimming at high or low intensity. From an applied perspective,
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coaches might be correct in focusing their warm up protocols on performing skills with best

technique rather than physiological preparedses
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Appendix A- 2015 SW Regional Qualifying Times

ASA South West Region Qualifying Times 2015

Qualifying times to have been achieved since 1/10/14 in Licensed meets level 1, 2 or 3, and
appear on ASA Ranking lists.
All times are Short Course but conversions using the ASA Equivalent Performance tables are

acceptable.
Age is at 31/12/15
Time 11/12 yrs 13 yrs 14yrs 15yrs 16yrs 17yrs & 11/12yrs 13yrs 14yrs 15yrs 16yrs 17yrs & over
over

Entry 32.84 30.72 28.24 27.42 26.30 24.65 50m 32.96 30.55 29.55 28.62 28.27 28.27
Consideration| 33.78 31.58 29.52 28.26 27.12 25.20 Freestyle 34.08 31.57 30.35 29.36 28.88 28.88
Entry 1.13.56 1.07.54 1.01.36 59.87 56.31 54.96 100m 1.11.21 1.05.80 1.04.01 1.01.35 1.00.13 1.00.13
Consideration| 1.16.31 1.10.16 1.03.96 1.01.26 58.33 55.50 Freestyle 1.14.99 1.09.06 1.05.39 1.02.84 1.02.11 1.02.11
Entry 2.32.20 2.24.42 2.12.23 2.06.59 2.01.64 1.59.00 200m 2.30.78 2.22.38 2.16.19 2.10.81 2.09.37 2.09.37
Consideration| 2.37.89 2.28.83 2.16.37 2.11.30 2.05.52 2.04.0 Freestyle 2.37.36 2.24.22 2.19.24 2.13.64 2.11.15 2.11.15
Entry 5.22.78 5.06.41 4.35.94 4.24.31 4.18.77 4.12.31 400m 5.17.29 4.56.05 4.47.39 4.35.02 4.35.02 4.35.02
Consideration| 5.33.80 5.14.35 4.44.58 4.33.23 4.23.72 4.15.20 Freestyle 5.26.36 5.08.71 4.51.14 4.41.29 4.41.29 4.41.29
Entry 20.50.68 20.50.68 19.22.12 18.48.44 18.47.20 17.41.00 800/1500m | 11.23.49 10.22.78 9.57.32 9.28.23 9.28.23 9.28.23
Consideration| 22.00.00 22.00.00 20.30.00 | 19.30.00 19.00.00 18.30.00 Freestyle 12.03.46 10.53.95 | 10.11.10 9.52.81 9.46.56 9.46.56
Entry 38.01 36.02 32.67 31.98 30.12 28.78 50m 37.90 35.06 33.85 33.08 32.03 32.03
Consideration| 39.30 37.32 34.19 33.11 31.39 30.50 Backstroke | 39.25 36.66 34.77 33.88 32.87 32.87
Entry 1.24.15 1.17.32 1.10.27 1.08.16 1.03.84 1.01.00 100m 1.21.53 1.15.03 1.11.86 1.08.79 1.07.88 1.07.88
Consideration| 1.29.03 1.20.00 1.13.50 1.10.62 1.06.91 1.04.9 Backstroke | 1.25.44 1.19.04 1.13.95 1.12.02 1.09.53 1.09.53
Entry 2.50.66 2.40.71 2.26.26 2.22.41 2.15.07 2.12.25 200m 2.47.67 2.36.87 2.33.70 2.25.05 2.23.59 2.23.59
Consideration| 2.56.97 2.44.40 2.32.95 2.30.57 2.21.21 2.16.10 Backstroke | 2.52.89 2.44.78 2.36.65 2.29.91 2.26.35 2.26.35
Entry 44.32 40.78 38.21 35.24 34.14 30.93 50m 43.74 40.22 38.05 37.89 36.63 36.62
Consideration| 45.64 42.80 39.71 37.46 35.35 32.60 Breaststroke| 45.27 41.74 39.50 38.56 38.39 38.28
Entry 1.36.47 1.30.22 1.22.15 1.15.89 1.13.17 1.07.83 100m 1.36.00 1.27.60 1.23.86 1.20.83 1.18.42 1.17.27
Consideration| 1.43.26 1.35.41 1.26.43 1.20.58 1.16.32 1.13.9 Breaststroke| 1.38.76 1.29.63 1.26.17 1.24.10 1.22.56 1.22.15
Entry 3.18.66 3.09.76 2.53.71 2.44.51 2.35.34 2.29.45 200m 3.17.68 3.06.14 2.55.97 2.50.72 2.46.13 2.50.72
Consideration| 3.27.42 3.14.38 3.00.26 2.49.63 2.42.26 2.43.80 Breaststroke| 3.27.01 3.08.79 3.02.16 2.56.64 2.56.16 2.56.16
Entry 37.69 34.96 31.81 30.45 28.80 26.71 50m 37.69 34.42 32.79 31.64 31.43 31.20
Consideration| 39.06 36.68 33.63 31.55 30.21 27.9 Butterfly 39.27 35.64 33.84 32.52 32.27 32.27
Entry 1.31.81 1.20.31 1.12.35 1.07.10 1.03.83 1.00.00 100m 1.26.31 1.18.13 1.13.79 1.10.20 1.08.89 1.08.44
Consideration| 1.41.48 1.25.94 1.16.73 1.11.15 1.06.99 1.0190 Butterfly 1.33.15 1.23.89 1.17.86 1.12.66 1.12.04 1.11.96
Entry 3.12.16 2.56.89 2.41.52 2.27.70 2.21.52 2.11.06 200m 3.09.50 2.53.79 2.47.49 2.34.22 2.33.02 2.28.75
Consideration| 3.28.63 3.09.77 2.51.05 2.36.76 2.29.49 2.21.0 Butterfly 3.30.22 3.09.00 2.53.84 2.42.46 2.40.68 2.40.68
Entry 2.57.66 2.48.82 2.33.39 2.26.79 2.19.21 2.15.® 200mInd. 2.57.51 2.43.35 2.37.53 2.31.45 2.28.24 2.28.24
Consideration| 3.04.65 2.53.60 2.38.53 2.31.81 2.25.72 2.25.72 Medley 3.05.22 2.51.27 2.40.32 2.36.11 2.32.30 2.32.30
Entry 6.17.80 5.52.13 2.24.46 5.05.95 4.47.83 4.47.83 400m Ind. 6.09.49 5.39.60 5.31.98 5.17.00 5.14.10 5.14.00
Consideration| 6.44.36 5.58.84 5.34.00 5.15.67 5.10.40 5.10.0 Medley 6.32.45 5.47.67 5.35.20 5.25.18 5.18.63 5.18.63
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Appendix B- 2015 SW Regional Warm Up Times

ASA South West Region Short Course Championships

Under ASA Laws & Regulations
President: Sue DORS
At Millfield Friday 4", Saturday 5th & Sundagth November 2015
Warm-up, withdrawals and event timings.

Saturday Sunday

0845¢ 0912 a Sy Qa -upin bah pools 0845¢ 0912 2 2 Y Sy Q&-updntbdtivpools
tfdza 22YSyQa ynnY NBfFe (SFYatdza aSyQa ynnyY NBfl @

0912¢ 0940 2 2 Y Sy Qa-updntbodtbpools 0912¢ 0940 a Sy Qa -ug in bthh pools

0945 Session starts 0945 Session starts

Last chance to withdraw from finals for Men is 10 minutes Last chance to withdraw from finals for Women is 10

minutes

after the gart of the 400m Freestyle and 10 minutes after after the start of the 400m Freestyle and 10 minutes

after the

400m finishes for Ladies 400m finishes for Men.

1225 Session finishes 1230 Session finishes

1250¢ 1330 Finals and presentations: 1255-1335 Finals and presentations as
Saturday

Present 400m Free, Swim 2, present 2, swim 3, present 3 and swim 2, present 2 to Seniors and Juniors

1330- 1355 Break, training pool only swim down 1335¢ 1400 Break, training pool only swim

down

1355¢ 1440 Free warmup in both pools 1400¢ 1440 Free warmup in both pools

1445 Session starts 1445 Session starts

Last chance to withdraw from finals for Women is 10 minutes Last chtangigthdraw from finals for Men is 10

minutes

after the start of the 400m Ind. Medley and 10 minutes after the  after the start of the 400m Ind. Medley and 10
minutes after

400m finishes for Men. 400m finishes for Ladies

1725 Session finishes 1740 Session finishes

1750¢ 1830 Finals and presentations: 180%; 1945 Finals and presentations as
Saturday

Present 400m IM, swim 2, present 2, swim 2 present 2 and swim 2 present 2.

Warm-up

Due to numbers the morning warrup will be split, continuous swimming in both pools and sprints for last 12 minutes in
competition pool. For the afternoon session it is left to coaches and swimmers to use both pools safely and as required,
sprint lanes will be allocated in the competition pool when requested. The non competition end may be used at any
time.
Presentations
These will be made as shown in the time table above, please ensure your swimmers are in the Presentation marshalling
areawhenrequé i SRY &adzidl ofe RNBAASRI FyR GKFG WdzyA2NRa wmp &SI Na
present. Para swimmers must improve on their entry time to receive a medal when there is only one swimmer, when
more the minus 1 rule will apply.
Withdrawals
Please ensure all swimmers are aware of the correct procedure and the consequences of not swimming.

REGIONAL COMPETITION DATES & VENUES 2017

ESSA Primary School Relays 27 March Millfield Years 5/6. Final Sheffield 17/6/17
Summer Championship 15y& over 29/30 April, 1 May Plymouth

Summer Championship 11/1214 13/14 May Hengrove

Summer Championship 11/1214  20/21 May Millfield

Open Water 1 July Weymouth

Sprints [25m pool] 3July Gloucester

Relays [25m pool] 18 September Millfield

ESSA Senior Relays 27 September Millfield

Championships [Long Course] 3/4/5 November Millfield

Event details are on the website www.swimwest.org and Sportsystems entry files will be circulated to clubs or
requested fromrmargetts@wcasa.co.ukend Schools events owww.essaschoolswimming.conor Jenni Henry at
HenryJ@MountKelly.com
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AppendixC

Blood Lactate Concentrations from pilatudy

Participant Resting Step1 Step 2 Step 3 Step 4 Step 5
M1 Blood Lactate 1.2 1.3 1.6 1.8 3.7 8.9

(mM)

Time(s) 338 317 276 255 242
M2 Blood Lactate 1.7 1.3 1.0 1.2 2.0 2.8

(mM)

Time(s) 308 281 267 257 244
M3 Blood Lactate Low 2.1 1.8 2.2 2.3 5.2

(mM)

Time(s) 329 286 267 261 241
M4 Blood Lactate Low 2.2 Low 4.6 5.8 5.4

(mM)

Time(s) 288 271 261 256 259
M5 Blood Lactate 2.0 2.2 1.3 1.6 2.6 2.9

(mM)

Time(s) 307 302 274 269 254
M6 Blood Lactate 1.8 1.4 1.2 1.4 2.1 3.3

(mM)

Time(s) 324 29 283 279 262
M7 Blood Lactate 1.3 1.0 1.0 1.3 1.8 3.0

(mM)

Time(s) 297 273 267 260 246
F1 Blood Lactate 1.3 1.2 1.3 1.9 3.0 2.2

(mM)

Time(s) 280 268 253 239 227
F2 Blood Lactate 0.9 0.8 Low Low 1.0 5.0

(mM)

Time(s) 318 304 278 247 226
Mean Blood Lactate 1.1+ 1.5+ 1.0+ 1.8+ 2.7+ 4.3+

(mM) 0.72 0.53 0.63 1.23 1.39 2.09

Time(s) 310+ 289 + 270+ 258 + 245 +

20.3 17.4 9.2 11.5 11.2
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Appendix D
—— - _
Certificate Number Oow4 5888309
Date of Issue: 16 SEPTEMBER 2014
Applicant Personal Details Employment Details
Surname: RICHARDS Position applied for:
CHILD WORKFORCE COACH

Forename(s): JAMES SAMUEL
Name of Employer:

Other Names: NONE DECLARED GLOUCESTER CITY SC
Date of Birth: 26 FEBRUARY 1990 Countersignatory Details - ..
Place of Birth: TAUNTON Registered Person/Body:
- TMGCRB
Gender: MALE
Countersignatory:
JANET HUBBARD

Police Records of Convictions, Cautions, Reprimands and Warnings

NONE RECORDED

Information from the list held under Section 142 of the Education Act 2002

NONE RECORDED

DBS Children's Barred List information

NONE RECORDED

DBS Adults' Barred List information

NOT REQUESTED

Other relevant information disclosed at the Chief Police Officer(s) discretion

NONE RECORDED

Enhanced Certificate
This document is an Enhanced Criminal Record Certificate within the meaning of sections 113B and 116 of the Police

Act 1997.
THIS CERTIFICATE IS NOT EVIDENCE OF IDENTITY Continued on page 2
Disclosure and Barring Service, PO Box 165, Liverpool, L69 3]D Helpline: 0870 90 90 811 « Crown Copyright
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Appendix E

Participant Consent Form
Mr James Richards
Faculty of Applied Sciences
Oxstalls Campus
Oxstalls Lane
Longlevens
GLOUCESTER GL2 9HW
E: @.connect.glos.ac.uk
2014

Dear Participant,

| am inviting you to take part in a research study e n t i Anl aeadysistof effective
components for a competition warm upd | aim to identify the effective parts of a
swimming competition warm up. | will focus on two parts of the warm up; swimming
effort and the amount of kick. | will compare 200m freestyle time-trial results of
different warm ups. Please read this letter and the information sheet carefully before

taking part.

As part of this study, you will be asked to attend one laboratory testing session. Only
measurements necessary to this research will be taken. Please see attached sheet

for more information on these measurements.

You will also participate in one blood lactate testing session, where you will complete
a short swim set that gets harder. After each 300m swim, your blood will be tested, a
process which may be repeated a maximum of 5 times. | will take one drop of blood
by a pin prick in the end of your finger which is almost painless. When the blood

tests show that you are swimming at the correct effort level the test will stop.

Finally, you will also be asked to undertake four swim testing sessions. During these
swim sessions, you will complete a warm up followed by a maximum effort 200m
freestyle time-trial. Your parent or guardian will be able to be present during all of

these testing sessions.
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It is your choice whether you take part or not. Whether you agree to take part or not
and the results of this research will not affect your progression through the club,
sqguad movements or team selection. Gl oucest
Teamwi | | be made awar e oTheywil ot have acdegsdsyoun ut ¢ 0 me

individual data.

Your participation in this study could assist coaches to:

A Gain a greater understanding of successful warm ups

A Give you better warm ups that enhance y our bodyobs foprepar e
competitive performance

A Improve your overall swimming performance

Yours sincerely
James Richards
Email: s1008883@.connect.glos.ac.uk
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Appendix F
Parent/guardian Consent Form

Mr James Richards

Faculty of Applied Sciences
Oxstalls Campus

Oxstalls Lane

Longlevens

GLOUCESTER GL2 9HW

E:
$1008883@.connect.glos.ac.uk
2014

Dear Parent/Guardian,

| would like to invite your child to volunteer to take part in a research study entitled
@An analysis of effective components for a competition warm up6 This study will focus
on two aspects for the warm up; the effects of intensity and the inclusion of kick
exercises. The study will compare 200m freestyle time-trial results with different

warm ups.

It is important that you understand that your ¢ h i |patti@igation/non-participation,
and the results of the research will have no impact on their progression through the

club, squad movements or team selection. Gl oucest er City

Coaching Team will be made awar e of t he st udy 0y wllunbtc o me

have access to any individuald data.

Your child will be asked to attend one laboratory testing session. You will be asked
to stay and supervise the session. Only body measurements necessary to the
research will be taken e.g. measurements of overall body size, skeletal breadths,
girths and skinfold thickness. Please see attached sheet for measurement sites.

Your child will also complete one blood lactate testing session. A blood sample will
be taken aftere ach swi mmi ng interval from the
carried out with a safety lancet which will cause a relatively painless pin prick in the
skin to draw one drop of blood. Finally your child will undertake four swim testing
sessions where they will complete a set warm up followed by a maximum effort

200m freestyle time-trial.
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Yo ur c hriicipadidn $n this study could assist coaches to:

A Gain a greater understanding of the mechanisms involved in successful warm

ups

A Apply best practise during warm ups to enhancet he body 6s prepar at
A Improve athletic performance

Yours sincerely
James Richards

Email: s1008883@.connect.glos.ac.uk
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Appendix G

Health Questionnaire Participant

SPORT & EXERCISE LABORATORIES
Health Questionnaire

About this questionnaire:

The purpose of this questionnaire is to gather information about your health and lifestyle. We will use
this information to decide whether you are eligible to take part in the testing for which you have
volunteered. It is important that you answer the questions truthfully. The information you give will be
treated in confidence. Your completed form will be stored securely for 5 years and then destroyed.

Section 1, which has been completed by the tester, provides basic information about the testing for
which you have volunteered. Sections 2 to 7 are for you to complete: please circle the appropriate
response or write your answer in the space provided. Please also complete section 8. Sections 9

and 10 will be completed by the tester, after you have completed sections 2 to 8.

Section 1: The testing (completed by tester)

To complete the testing for which you have volunteered you will be required to undertake:

Moderate exercise (i.e., exercise that makes you breathe more heavily than you
do at rest but not so heavily that you are unable to maintain a conversation)

Vigorous exercise (i.e., exercise that makes you breath so heavily that you are
unable to maintain a conversation)

The testing involves:

Walking Generating or absorbing high forces through your arms
Running Generating or absorbing high forces through your shoulders
Cycling Generating or absorbing high forces through your trunk
Rowing Generating or absorbing high forces through your hips
Swimming X Generating or absorbing high forces through your legs
Jumping

Section 2: General information

Name: = | Sex; M F  Age:

Height (approx.): . . . . . & ¢ Weightdapgox.):

Section 3: Initial considerations

1. Do any of the following apply to you? No Yes
a) | have HIV, Hepatitis A, Hepatitis B or Hepatitis C
b) | am pregnant

¢)l have a muscle or joint problem that could be aggravated
by the testing described in section 1
d) | am feeling unwell today
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e) | have had a fever in the last 7 days
(I'f you have answered fiYesO to que:
Section 4: Habitual physical activity

2a. Do you typically perform moderate exercise (as defined in section 1) No Yes
for 20 minutes or longer at least twice a week?

2b. Have you performed this type of exercise within the last 10 days? No Yes

3a. Do you typically perform vigorous exercise (as defined in section 1) No Yes
at least once a week?

3b. Have you performed this type of exercise within the last 10 days? No Yes

Section 5: Known medical conditions
4. Does the following apply to you? No Yes

a) |have had Type 1 diabetes for more than 15 years

5. Have you ever had a stroke? No Yes
6. Has your doctor ever said you have heart trouble? No Yes
7. Do both of the following apply to you? No Yes

a) | take asthma medication
b) I have experienced shortness of breath or difficulty with breathing in the
last 4 weeks? No Yes

8. Do you have any of the following: cancer, COPD, cystic fibrosis, No Yes
other lung disease, liver disease, kidney disease, mental illness,
osteoporosis, severe arthritis, a thyroid problem?

(fyouhaveanswer ed fiYesO to any questions in secti

Section 6: Signs and symptoms

9. Do you often have pains in your heart, chest, or the surrounding areas? No Yes
10. Do you experience shortness of breath, either at rest or with mild exertion? No Yes
11. Do you often feel faint or have spells of severe dizziness? No Yes
12. Have you, in the last 12 months, experienced difficulty with breathing No Yes

when lying down or been awakened at night by shortness of breath?
13. Do you experience swelling or a build up of fluid in or around your ankles? No Yes

14. Do you often get the feeling that your heart is racing or skipping No Yes
beats, either at rest or during exercise?

15. Do you regularly get pains in your calves and lower legs during exercise No Yes
that are not due to soreness or stiffness?
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qguesti

16. Has your doctor ever told you that you have a heart murmur? No Yes
17. Do you experience unusual fatigue or shortness of breath during No Yes
everyday activities?
(I'f you have answered AYesd to any
Section 7: Risk factors
18. Does either of the following apply to you? No Yes
a) | smoke cigarettes on a daily basis
b) I stopped smoking cigarettes on a daily basis less than 6 months ago
19. Has your doctor ever told you that you have high blood pressure? No Yes
20. Has your doctor ever told you that you have high cholesterol? No Yes
21. Has your father or any of your brothers had a heart attack, No Yes
heart surgery, or a stroke before the age of 55?
22. Has your mother or any of your sisters had a heart attack, No Yes
heart surgery, or a stroke before the age of 65?
23. Do any of the following apply to you? No Yes
a) | have had Type 1 diabetes for less than 15 years
b) | have Type 1 diabetes and am 30 or younger
¢) | have Type 2 diabetes and am 35 or younger
Section 8: Sighatures
Participant (Print & Sign): g ¢ ¢ ¢ 6 6 6 6 6 66666666666
Date: .. ... 86,86,
Section 9: Additional risk factors (to be completed by the tester if relevant)
24, | s the participant kgmBody mass i ndBx Yes 0
25. Has the participant answered no to questions 2a and 3a? No Yes
Section 10: Eligibility (to be completed by the tester)
26. Is the participant eligible for the testing? No Yes
Name (of tester): =~ .. ... ... ééé. 6eééeééé
Signature: g g ¢ 6 666 6cccceeeeéeéee Daer gee. . 6. 66. 6.
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Appendix H

Health Questionnaire Parent

SPORT & EXERCISE LABORATORIES

Parent/ Guardian Health Questionnaire

About this questionnaire:

The purpose of this questionnaire is to gather information about your health and lifestyle
history. The researcher will use this information to decide whether your son is eligible to
take part in the testing for which they have volunteered. It is important that you answer the
questions truthfully. The information you give will be treated in confidence. Your completed
form will be stored securely for 5 years and then destroyed.

Section One, which has been completed by the tester, provides basic information about the
testing for which your son has volunteered. Sections Two to Four are for you (the parent/
guardian) to complete: Please circle the appropriate response or write your answer in the
space provided. Sections Five and Six will be completed by the tester thereafter.

Section One: The testing (completed by tester)

To complete the testing for which you have volunteered you will be required to undertake:

Moderate exercise (i.e., exercise that makes you breathe more heavily than you
do at rest but not so heavily that you are unable to maintain a conversation)

Vigorous exercise (i.e., exercise that makes you breath so heavily that you are
unable to maintain a conversation)

The testing involves:

> L]

Walking Generating or absorbing high forces through your arms X
Running Generating or absorbing high forces through your shoulders | X
Cycling Generating or absorbing high forces through your trunk X
Rowing Generating or absorbing high forces through your hips X
Swimming | X Generating or absorbing high forces through your legs X
Jumping

Section 2. General information

Name: . . ... ... .. ... sex, M F  Age: .

Height (approx.): . . . . . . . . Weight (Bpeox.k | |

Section One: Initial considerations

2. Do any of the following apply to your son? No Yes
a) HIV, Hepatitis A, Hepatitis B or Hepatitis C
b) A muscle or joint problem that could be aggravated by the testing described

in section 1

c) They have had a fever in the last 7 days
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(I1'f you have answered AYesO to qu

Section Two: Known medical conditions

2. Does the following apply to your son? No Yes
b) Type 1 diabetes for more than 15 years

3. Have they ever had a stroke? No Yes
4. Has their doctor ever said your son has had heart trouble? No Yes
5. Do both of the following apply to your son? No Yes

a) They take asthma medication
b) Have experienced shortness of breath or difficulty with breathing in the
last 4 weeks? No Yes

6. Does your son have any of the following: cancer, COPD, cystic fibrosis, No Yes
Other lung disease, liver disease, kidney disease, mental illness,
Osteoporosis, severe arthritis, a thyroid problem?

(I'f you have answered AYesdO to any question:

Section Three: Risk factors
7. Has your doctor ever told you that high blood pressure? No Yes
8. Has your doctor ever told you that your son has high cholesterol? No Yes
9. Have you as your sonbs father/ mot Ner Yesnd any
aunties had a heart attack, heart surgery, or a stroke before the age
of 55 (for males) or 65 (for females)?

10. Do any of the following apply to your son? No Yes

a) My son has had Type 1 diabetes for less than 15 years
b) My son has had Type 1 diabetes and am 30 or younger
¢) My son has had Type 2 diabetes and am 35 or younger

Section Four: Declaration and Signatures

To the best of my knowledge my son is healthy and able to participate in the
proposed research study activities described in

Date: .. ... &8 . eée.
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Section Five: Additional risk factors (to be completed by the tester if relevant)
24.1's the participantodés »pody mass indbx Yes30 kg/n

25. Has the participant answered no to questions 2a and 3a? No Yes

Section Six: Eligibility (to be completed by the tester)

26. Is the participant eligible for the testing? No Yes
Name (of tester): =~~~ . ... ... .ééé............666666¢
Signature: ¢ ¢ 6 6 ¢ 6 6666666666666 Date: g¢geé. ... 6. 66. 6.
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Appendix |

Land Warm Up Activities

6 x lying T rotations

6 x seated upper body rotations

6 x 135° groin stretch

4 x gorilla squat into chameleon

2 x gorilla squat in to hipxtension patterns-left, right, toe press, free fall
6 X spiderman

4 x floor angels

4 x wall angels
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Appendix J
Equations
(Eql) MAS = 406/ 300s= 1.33 m.2
(Eq2) LI = 1.331.5Y 100 x 70 = 0.93Mn.s*

50m / 0.931m.s!= 53.70s per 50m split

(Eg3) HI = 1.381.5Y 100 x 90 = 1.197.s?

50m/ 1.197m.s'= 41.77sper 50m split

S1008883 114



An Analysis of Physiological Components for a Competitive Swinvidang

AppendixK
' YAOSNBAGE 2F Df 2dz0SAGSNEKANBQA wSaSk NOK
Dear James

| am slightly embarrassed to have fountadf written reply in mydrafts folder (but ticked off my to
do list) so it with abject apologies that | send this note.

I have reviewed the attached information and am happy to confirm that it addresses the issues we
discussed at RESC. Please forwarolpy of your DBS certificate to Sharon Brookshaw.

Given this, | am happy to confirm that the project is approved by RESC and wish you all the best with
it.

Best wishes

MalcolmMacLean
Chair— Research Ethics Stdpmmittee

Dr Malcolm MacLean

Associate Dean Quality & Standards
Reader in the Culture and History of Sport
Faculty of Applied Sciences

University of Gloucestershire

Oxstalls Lane

Gloucester GL2 9HW
England
'The majority by their silence will pay for days like these' Billy Bragg

Emily Ryall, Wendy RusselMalcolmMacLearn(eds)The Philosophy of PlaRRoutledge
Seehttp://www.routledge.com/books/details/9780415538350/

MM
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AppendixL

RiskAssessment

Possible Severity Persons Risk Control | Likelihood Action Action
Hazards (without exposed Measures (with Required | Completed
control (employees, | Currently in control (date and
measures) | students etc place measures) signature)
05/02/2014
05/02/2014
05/02/2014
05/02/2014
05/02/2014
05/02/2014
05/02/2014
Needle low Participants | Wear PPE and| Unlikely low None 05/02/2014
Stick injury work slowly
and carefully.
The lancets for
finger pricks
are designed in
such a way that
they can only
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be used once,
thereby
minimising the
possibility of
cross
contamination

Fainting

ow

Participants

Stop test.Lie
the patient
down and stay
with them until
they have
recovered.
Little sips of
water and a
wet towel
applied to the
forehead.
Verbal
communication
throughout the
procedure will
reassure the
subject.

Unlikely

low

None

05/02/2014

Haematoma

medium

Participants

Follow correct
collection
procedures, if
unable to draw
blood,
withdraw the
needle and
apply light
pressure to the
site. Do not
attempt to
withdraw
blood at the

same site again

Unlikely

low

None

05/02/2014
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AppendixM

SPSS Output

General Linear Model

Multivariate Tests?

Partial Eta Noncent.

Effect Value F Hypothesis df Error df Sig. Squared Parameter Observed Power®
Pillai's Trace 137 2.534b 1.000 16.000 131 137 2.534 .322
Wilks' Lambda .863 2.534b 1.000 16.000 131 137 2.534 322
Hotelling's Trace .158 2.534b 1.000 16.000 131 137 2.534 .322
Roy's Largest Root .158 2.534P 1.000 16.000 131 137 2.534 .322
Pillai's Trace .010 .163° 1.000 16.000 .692 .010 163 .067
Wilks' Lambda .990 .163° 1.000 16.000 .692 .010 163 .067
Hotelling's Trace .010 .163° 1.000 16.000 .692 .010 .163 .067
Roy's Largest Root .010 .163° 1.000 16.000 .692 .010 .163 .067
Pillai's Trace 114 2.052b 1.000 16.000 171 114 2.052 .270
Wilks' Lambda .886 2.052b 1.000 16.000 171 114 2.052 .270
Hotelling's Trace .128 2.052b 1.000 16.000 171 114 2.052 .270
Roy's Largest Root .128 2.052° 1.000 16.000 171 114 2.052 .270

a. Design: Intercept

Within Subjects Design: Intensity + Kick + Intensity * Kick

b. Exact statistic

c. Computed using alpha = .05
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Measure: MEASURE 1

Mauchly's Test of Sphericity?

Epsilon®
Greenhouse-
Geisser Huynh-Feldt Lower-bound
Intensity 1.000 .000 0 1.000 1.000 1.000
Kick 1.000 .000 0 1.000 1.000 1.000
Intensity * Kick 1.000 .000 0 1.000 1.000 1.000

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

a. Design: Intercept

Within Subjects Design: Intensity + Kick + Intensity * Kick

b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects

Effects table.

Measure: MEASURE_1

Tests of Within-Subjects Effects

Type Il Sum of Partial Eta Noncent. Observed
Source Squares df Mean Square F Sig. Squared Parameter Power?
Sphericity Assumed 26.040 1 26.040 2.534 131 137 2.534 .322
Greenhouse-Geisser 26.040 1.000 26.040 2.534 131 137 2.534 .322
Huynh-Feldt 26.040 1.000 26.040 2.534 131 137 2.534 .322
Lower-bound 26.040 1.000 26.040 2.534 131 137 2.534 .322
Sphericity Assumed 164.406 16 10.275
Greenhouse-Geisser 164.406 16.000 10.275
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Huynh-Feldt 164.406 16.000 10.275
Lower-bound 164.406 16.000 10.275
Sphericity Assumed
2.455 1 2.455 .163 .692 .010 .163 .067
Greenhouse-Geisser 2.455 1.000 2.455 .163 .692 .010 163 .067
Huynh-Feldt 2.455 1.000 2.455 .163 .692 .010 163 .067
Lower-bound 2.455 1.000 2.455 .163 .692 .010 .163 .067
Sphericity Assumed
241.385 16 15.087
Greenhouse-Geisser 241.385 16.000 15.087
Huynh-Feldt 241.385 16.000 15.087
Lower-bound 241.385 16.000 15.087
Sphericity Assumed 23.459 1 23.459 2.052 171 114 2.052 .270
Greenhouse-Geisser 23.459 1.000 23.459 2.052 A71 114 2.052 .270
Huynh-Feldt 23.459 1.000 23.459 2.052 171 114 2.052 .270
Lower-bound 23.459 1.000 23.459 2.052 171 114 2.052 .270
Sphericity Assumed 182.954 16 11.435
Greenhouse-Geisser 182.954 16.000 11.435
Huynh-Feldt 182.954 16.000 11.435
Lower-bound 182.954 16.000 11.435

a. Computed using alpha = .05
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Measure: MEASURE 1

Tests of Within-Subjects Contrasts

Type Il Sum of Partial Eta Noncent.
Source Intensity Kick Squares df Mean Square F Sig. Squared Parameter Observed Power?
Intensity Linear 26.040 1 26.040 2.534 131 137 2.534 .322
Error(Intensity) Linear 164.406 16 10.275
Kick Linear 2.455 1 2.455 .163 .692 .010 .067
Error(Kick) Linear 241.385 16 15.087
Intensity * Kick Linear Linear 23.459 1 23.459 2.052 171 114 2.052 .270
Error(Intensity*Kick) Linear Linear 182.954 16 11.435
a. Computed using alpha = .05
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
Type Il Sum of Partial Eta Noncent.
Source Squares df Mean Square F Sig. Squared Parameter Observed Power?
Intercept 1845911.726 1 1845911.726 1868.195 .000 .992 1868.195 1.000
Error 15809.155 16 988.072

a. Computed using alpha = .05
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Within-Subjects Factors

Measure: MEASURE 1

Condition distance

Dependent

Variable

LI50

L1100
L1150
L1200

LIK50

LIK100
LIK150
LIK200

HI50

HI100
HI150
HI1200

A W N P | O DN P I ODNPRFPI|IPR O PR

HIK50

HIK100
HIK150
HIK200
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Multivariate Tests?

Partial Eta Noncent.

Effect Value F Hypothesis df Error df Sig. Squared Parameter Observed Power®
Pillai's Trace .099 .515P 3.000 14.000 .678 .099 1.546 129
Wilks' Lambda 901 .515P 3.000 14.000 .678 .099 1.546 129
Hotelling's Trace 110 .515P 3.000 14.000 .678 .099 1.546 129
Roy's Largest Root 110 .515° 3.000 14.000 .678 .099 1.546 .129
Pillai's Trace 951 89.849° 3.000 14.000 .000 .951 269.547 1.000
Wilks' Lambda .049 89.849° 3.000 14.000 .000 .951 269.547 1.000
Hotelling's Trace 19.253 89.849P 3.000 14.000 .000 951 269.547 1.000
Roy's Largest Root 19.253 89.849° 3.000 14.000 .000 .951 269.547 1.000
Pillai's Trace 812 3.840P° 9.000 8.000 .036 .812 34.558 .765
Wilks' Lambda .188 3.840P° 9.000 8.000 .036 .812 34.558 .765
Hotelling's Trace 4.320 3.840° 9.000 8.000 .036 .812 34.558 .765
Roy's Largest Root 4.320 3.840° 9.000 8.000 .036 .812 34.558 .765

a. Design: Intercept

Within Subjects Design: Condition + distance + Condition * distance

b. Exact statistic

c. Computed using alpha = .05

Mauchly's Test of Sphericity?
Measure: MEASURE 1
Epsilon®
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Square Greenhouse-
Geisser Huynh-Feldt Lower-bound
Condition .846 2.468 5 .782 .892 1.000 .333
distance 445 11.933 5 .036 .708 .819 .333
Condition * distance .000 99.836 44 .000 429 .582 111

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

a. Design: Intercept

Within Subjects Design: Condition + distance + Condition * distance

b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects

Effects table.

Measure: MEASURE 1

Tests of Within-Subjects Effects

Type Il Sum of Partial Eta Noncent. Observed
Source Squares df Mean Square F Sig. Squared Parameter Power?
Sphericity Assumed 2.694 3 .898 AT75 .701 .029 1.426 .139
Greenhouse-Geisser 2.694 2.677 1.006 A75 .680 .029 1.273 133
Huynh-Feldt 2.694 3.000 .898 A75 .701 .029 1.426 .139
Lower-bound 2.694 1.000 2.694 475 .500 .029 475 .099
Sphericity Assumed 90.673 48 1.889
Greenhouse-Geisser 90.673 42.833 2.117
Huynh-Feldt 90.673 48.000 1.889
Lower-bound 90.673 16.000 5.667
Sphericity Assumed 1855.019 3 618.340 151.599 .000 .905 454.797 1.000
Greenhouse-Geisser 1855.019 2.123 873.716 151.599 .000 .905 321.865 1.000
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Huynh-Feldt 1855.019 2.457 755.041 151.599 .000 .905 372.455 1.000
Lower-bound 1855.019 1.000 1855.019 151.599 .000 .905 151.599 1.000
Sphericity Assumed 195.782 48 4.079
Greenhouse-Geisser 195.782 33.970 5.763
Huynh-Feldt 195.782 39.310 4.981
Lower-bound 195.782 16.000 12.236
Sphericity Assumed 2.638 9 .293 .483 .884 .029 4.350 .231
Greenhouse-Geisser 2.638 3.859 .684 .483 741 .029 1.865 .155
Huynh-Feldt 2.638 5.239 .504 .483 .796 .029 2.532 177
Lower-bound 2.638 1.000 2.638 .483 497 .029 .483 .100
Sphericity Assumed 87.334 144 .606
Greenhouse-Geisser 87.334 61.743 1.414
Huynh-Feldt 87.334 83.817 1.042
Lower-bound 87.334 16.000 5.458
a. Computed using alpha = .05
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
Type Il Sum of Partial Eta Observed
Source Condition  distance Squares df Mean Square Sig. Squared Parameter Power?

Linear 1.044 1 1.044 402 .535 .025 .402 .092

Quadratic 773 1 773 .500 490 .030 .500 .102

Cubic .877 1 877 574 460 .035 574 110

Linear 41.510 16 2.594

Quadratic 24.728 16 1.546

Cubic 24.436 16 1.527
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distance Linear 971.074 1 971.074| 140.601 .000 .898 140.601 1.000
Quadratic 882.721 1 882.721| 220.667 .000 .932 220.667 1.000
Cubic 1.224 1 1.224 921 .352 .054 .921 147
Linear 110.505 16 6.907
Quadratic 64.004 16 4.000
Cubic 21.273 16 1.330
Linear .378 1 .378 .323 578 .020 .323 .083
Quadratic .080 1 .080 .097 759 .006 .097 .060
Cubic .004 1 .004 .017 .897 .001 .017 .052
Linear JA21 1 Ja21 .086 773 .005 .086 .059
Quadratic .065 1 .065 .087 771 .005 .087 .059
Cubic .354 1 .354 1.516 .236 .087 1.516 212
Linear .798 1 .798 2.893 .108 .153 2.893 .359
Quadratic .295 1 .295 1.496 .239 .085 1.496 .210
Cubic .543 1 .543 1.549 231 .088 1.549 .216
Linear 18.697 16 1.169
Quadratic 13.159 16 .822
Cubic 4.025 16 .252
Linear 22.564 16 1.410
Quadratic 11.976 16 .748
Cubic 3.735 16 .233
Linear 4.413 16 .276
Quadratic 3.153 16 197
Cubic 5.611 16 .351

a. Computed using alpha = .05
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Tests of Between-Subjects Effects
Measure: MEASURE_1

Transformed Variable: Average

Type Il Sum of Partial Eta Noncent.
Source Squares df Mean Square F Sig. Squared Parameter Observed Power?
Intercept 462620.423 1 462620.423 1973.102 .000 .992 1973.102 1.000
Error 3751.417 16 234.464

a. Computed using alpha = .05
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