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Abstract 

Studies examining the physical demands of surfing, the physiological 

characteristics of surfers, training techniques and various indices important to surfing 

performance are limited and characterised by methodological discrepancies. This thesis 

consists of five studies to assess the competitive requirements, test specific repeat sprint 

fitness and the trainability of sprint paddling in surfers.  

Initially an understanding of surfing movement patterns and a determination of the 

reliability and validity of custom-made GPS units was established (SurfTraX, Gold Coast, 

Australia) (Study 1: The validity and inter-unit reliability of custom-made SurfTraX GPS 

units and use during surfing). Durations, intensities, external loads and velocity of 

movements during competitive surfing were then examined (Study 2: Workloads of 

competitive surfing: A performance analysis of three surfing competitions). During 

competition surfers paddle 44% of the total time and have a significantly higher work to 

rest ratio at a beach-break compared to point-breaks. Further, point-breaks involve longer 

continuous durations of paddling, with significantly longer rides, compared to the beach-

break. Data from Study 2 aided in forming the rationale for developing and determining 

the reliability of a novel repeat sprint paddle test (RSPT) (Study 3: The repeat-sprint paddle 

test: A protocol for measuring surfing athletes’ sprint paddle performance). With lacking 

appropriate and valid testing protocols for evaluating physiological qualities in surfing 

athletes, Study 3 determined that the measurements of RSPT total time, best 15m time, and 

peak velocity from recreational and competitive surfers were reliable between days. 

Additionally, the smallest worthwhile change ranged from 0.02 to 2.7 s, demonstrating 

high sensitivity in detecting performance changes. After determining the reliability of the 

RSPT, this study investigated the durations that adolescent competitive surfers spend 

surfing and physically training.  

In the pilot study (Study 4: Tracking 6 Weeks of Training/Surfing Sessions of 

Adolescent Competitive Surfers: Just what are these young surfers up to?) adolescent 

surfers provided details on the amount of time spent free surfing, being coached, 

competing, strength training, conditioning and undertaking balance work over six weeks. 

It was found that adolescent surfers spent 14 more hours surfing than doing any form of 

land-based training, including no form of specific paddle training.  

Following the conclusions of Study 4, Study 5 examined the effectiveness of 

implementing structured training on the paddling abilities of adolescent surfers (Study 5: 

iv 
 



Five weeks of sprint and high intensity interval training improves paddling performance in 

adolescent surfers). It was discovered that high intensity interval training (HIT) (30 s sprint 

paddling) decreased athletes 400m endurance paddle time, and sprint interval training (SIT) 

(10 s sprint paddling) decreased the total RSPT time. Such training can be implemented to 

improve aerobic and repeat sprint paddle ability, which are key aspects of the sport. 

Additionally, the 400m paddle and RSPT can possibly discriminate between aerobic and 

anaerobic training adaptations, with aerobic gains likely from HIT and anaerobic gains 

likely from SIT.  

Overall, this thesis established greater in-depth information on competitive surfing, 

an innovative and reliable test to assess repeat sprint ability, and two training methods that 

produced beneficial sprint and endurance paddle improvements. 
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Chapter 1: 

Introduction and General Overview 

 

The sport of surfing, referred to as he‘e nalu (he‘e: to ride; nalu: the surf) by 

Polynesians (Nendel, 2009), is an ancient sport with origins in noble tradition. Chiefs took 

their rightful place when surfing, riding bigger boards and challenging bigger waves than 

that of commoners, who would ride smaller boards away from the chiefs (Harvey, 2009). 

Documentation of the sport is scarce prior to Captain James Cook’s observations of 

Tahitian canoe surfing in 1777; however, surfing in the form as many would identify with 

today, was invented and mastered by Hawaii’s population around 1000 years ago, with 

both royalty and commoners participating (Warshaw, 2003).  

 

At the turn of the twentieth century Hawaii was annexed by the United States of 

America. As a result, the once cultural and religious pastime of surfing became increasingly 

commercialised, losing its noble traditions and becoming comparative with other American 

sports such as baseball, football and basketball (Nendel, 2009). The transformation of 

surfing saw three-time world record holder and multiple Olympic gold medal champion in 

freestyle swimming, Duke Paoa Kahanamoku, embark on a world tour in 1915, where he 

provided a major stimulus in the development of surfing in Sydney, Australia (Osmond, 

2011). Since this time, surfing has continued to grow in popularity to become a thriving 

culture (Mendez-Villanueva & Bishop, 2005). Surfing has undergone multiple changes, 

not only with advances in equipment (i.e. surfboard design and construction, wetsuits and 

surf apparel), but also in the way surfers are riding the waves. Modern day surfing contains 

aggressive quick turns and airborne innovative manoeuvres incorporating gymnastic type 

movements which are now commonplace within surfing (Lundgren, Tran, Dunn, 

Nimphius, & Sheppard, 2014; Souza, Rocha, & Nascimento, 2012). 

 

Surfing requires athletes to paddle in a prone position for a prolonged duration. The 

surfer must also be capable of navigating through or around breaking waves, against 

currents, moving to different locations and remaining stationary while recovering or 

waiting for a suitable wave (Farley, Harris, & Kilding, 2012a; Lowdon, 1983). Powerful 

paddling is required when trying to ‘catch’ a wave, thus ensuring enough momentum has 

been generated to enter the wave with adequate entry speed before quickly ‘popping-up’ 

(prone to standing) on the board. Once up on the board and riding, the surfer requires 

 
 



balance, strength, power, coordination, mobility of body joints and the ability to react to 

critical situations during wave riding, such as anticipating and adapting to the continuously 

changing wave formation (Lowdon, 1983; Lowdon & Pateman, 1980; Mendez-Villanueva 

& Bishop, 2005). The combination of the aforementioned physiological aspects are vital in 

performing the turns, snaps, cutbacks on the wave face, launching into the air for aerials 

manoeuvers and landing safely, while remaining in control on the board (Everline, 2007; 

Tran, 2015). From a competitive aspect, judges score performance during wave riding in 

reference to several key criteria, which are based on the surfer’s ability to successfully 

perform difficult manoeuvres with commitment and in combination (ASP, 2013; Farley, 

Raymond, et al., 2015). 

 

The first surfing world championship was held in Sydney, Australia, in 1964 

(Kampion, 2003), however, formal training for such events was not a prerequisite. During 

the 1970s and 1980s the majority of competitors had no specific or suitable training routine, 

with the common belief that surfing alone was sufficient for developing the physical fitness 

required for competition (Lowdon, Mourad, & Warne, 1990). Over the last two decades 

the sport has grown substantially with an increase in the attention given to the physical 

preparation of elite surfers (Farley et al., 2012a; Mendez-Villanueva & Bishop, 2005; 

Mendez-Villanueva et al., 2005; Secomb, 2012; Sheppard et al., 2012; Sheppard et al., 

2013). Converse to the growth of competitive surfing, limited research is available which 

examines the physical demands of the sport (Barlow, Gresty, Findlay, Cooke, & Davidson, 

2014; Farley, Harris, & Kilding, 2012b; Meir, Lowdon, & Davie, 1991; Mendez-

Villanueva et al., 2005; Secomb, Sheppard, & Dascombe, 2014). Previous researchers have 

noted that environmental factors involved in surfing influence the physical and energy 

demands of the sport (Lowdon, Bedi, & Horvath, 1989; Lowdon & Lowdon, 1988; Meir 

et al., 1991). Indeed, competitions take place under a variety of conditions that can be 

affected by the weather, swell, tides and the type of break/wave, all of which ultimately 

affect physiological demands imposed onto the surfers (Barlow, Gresty, et al., 2014; Farley 

et al., 2012b; Meir et al., 1991; Mendez-Villanueva et al., 2005; Secomb et al., 2014). 

However, methods to best physically prepare such athletes is currently unclear, with no 

literature to date reporting on specific water training methods. Recently training has 

focused on strength, power and utilisation of stable and unstable (i.e. BOSU balls) methods 

(Everline, 2007; Tran et al., 2015). 
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Surfing is a unique sport in which participants do not pay conscious attention to 

training but instead practice when they have time and the surf conditions will permit 

(Lowdon et al., 1989). It has been previously documented that surfers can spend between 

3.7 to 5 hours a day practicing in good surf conditions, three to five days a week for 

recreational and international level surfers (Lowdon, Pateman, & Pitman, 1983; Lowdon, 

Pitman, Pateman, & Ross, 1987; Mendez-Villanueva & Bishop, 2005). Within juniors (<19 

y), weekly surfing hours range between 7.5 (Recreational surfers) to 18 (Competitive 

surfers) hours surfing each week (Loveless & Minahan, 2010a). Interestingly, the amount 

of time elite surfers spend in the water is similar to the training times of elite athletes in 

other sports, yet surfers are more likely to consider this time as recreational rather than as 

training (Lowdon et al., 1989).  

 

During competition professional and elite surfers can compete in up to three heats 

per day, lasting between 20 to 40 minutes each, during which approximately 50% of the 

total time is spent paddling (Farley et al., 2012b; Meir et al., 1991; Mendez-Villanueva, 

Bishop, & Hamer, 2006). Studies have reported that competitive surfing is characterised 

by repeat high-intensity intermittent bouts of paddling (60% performed between 1 – 10 s), 

with short periods of recovery (64% between 1 – 10 s), resulting in moderate (140 b·min-

1) to high (190 b·min-1) heart rates and a total distance of approximately 1km travelled in 

each 20 minute heat (Farley et al., 2012b; Meir et al., 1991; Mendez-Villanueva & Bishop, 

2005). Due to these physical demands it has been suggested that surfers are required to 

have a high muscular endurance, anaerobic power of the upper torso, excellent cardio-

respiratory fitness and be able to rapidly recover from brief high-intensity efforts (Lowdon, 

1983; Lowdon et al., 1989). However, with such requirements for the sport it is surprising 

these athletes do not partake in extra conditioning to enhance these qualities. 

 

Given the high metabolic demands of surfing, literature on surfer’s aerobic and 

anaerobic characteristics is surprisingly limited. Technological developments in 

laboratory-based ergometers has seen such devices being utilised as an alternative to 

swimming pool-based testing in the assessment of arm power, anaerobic and aerobic fitness 

(Farley et al., 2012a; Kimura, Yeater, & Martin, 1990; Loveless & Minahan, 2010a, 2010b; 

Lowdon et al., 1989; Meir et al., 1991; Mendez-Villanueva et al., 2005; Morton & Gastin, 

1997). Previous studies have used tethered board paddling (Lowdon et al., 1989), arm 

cranking (Lowdon et al., 1989), swim-bench ergometers (Loveless & Minahan, 2010a, 
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2010b; Meir et al., 1991) and modified kayak ergometers (Farley et al., 2012a; Mendez-

Villanueva et al., 2005) to investigate peak or maximal aerobic capacity (VO2peak or 

VO2max) and anaerobic power during surfboard paddling. These studies have indicated that 

the aerobic capacity of surfers are comparable to other sports involving upper-body 

paddling, such as swimming (50 – 70 mL·kg-1·min-1) (Kimura et al., 1990) and surf-life 

saving (40 mL·kg-1·min-1) (Morton & Gastin, 1997). However, the importance of 

cardiovascular fitness to surfing performance is not entirely clear. Indeed, from many of 

the previous studies on surfers, there has been no significant correlation identified between 

the surfer’s season ranking and relative VO2peak (Farley et al., 2012a; 2010a; Lowdon et al., 

1989; 1991; Mendez-Villanueva et al., 2005). While VO2peak does not appear to be a 

discriminator of surfing performance, it is just one aspect of cardiovascular fitness.  

 

Given the significant amount of time surfers spend paddling at low to moderate 

intensities, cardiovascular fitness is likely to be an important aspect of the sport. 

Additionally, with the prominence of the short bursts of paddling (1 – 10 s) to catch a wave 

it is not surprising that significant relationships between surfers’ season rank and anaerobic 

peak power output have previously been reported (Farley et al., 2012a). Much of this work 

examining aerobic and anaerobic capacity in surfers has been obtained in laboratory 

settings using ergometer activities (i.e. tethered board paddling, arm cranking, swim-bench 

ergometers and modified kayak ergometers) (Farley et al., 2012a; Kimura et al., 1990; 

Loveless & Minahan, 2010a, 2010b; Lowdon et al., 1989; Meir et al., 1991; Mendez-

Villanueva et al., 2005; Morton & Gastin, 1997), which may have limited validity. Indeed, 

the relationship between power output measured on an ergometer and the power generated 

when paddling on-water during surfing is currently unclear (Farley et al., 2012a; Loveless 

& Minahan, 2010a). Pool-based testing would seem more appropriate given the nature of 

the sport; therefore, the development of reliable and valid on-water assessments for 

anaerobic and aerobic performance of surfers is worthwhile. Currently however, surfing 

specific pool testing for surfers is limited and typically comprises of only a 15m sprint 

paddle and 400m endurance paddle (Sheppard et al., 2012). Therefore, further testing 

methodologies to determine the physiological aspects of paddling performances need to be 

developed.  

 

With the importance of repeated short bursts of paddling (1 – 10 s) to catch a wave, 

aerobic and anaerobic characteristics (Farley et al., 2012a; Loveless & Minahan, 2010a, 
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2010b; Lowdon & Pateman, 1980; Meir et al., 1991; Mendez-Villanueva et al., 2005) and 

the significant relationships between surfers’ season rank and anaerobic peak power output 

(Farley et al., 2012a), training to enhance these qualities should be investigated. The 

physical capacity to catch waves and out-paddle opposition during a heat is a vital 

component of the sport and could be the difference between winning and losing. Surfers 

with superior sprint paddling ability may have an advantage against their competition in a 

heat by sitting deeper on the peak of the wave, thereby controlling the line-up (Tran, 2015). 

Therefore, training methods should emphasise these energy systems, particularly anaerobic 

sprint power given the importance for wave entry speed (Sheppard et al., 2012). Training 

methods for improving athletic performance such as high intensity interval training and 

sprint interval training may help surfers with aerobic conditioning, repeated efforts and 

anaerobic repeat sprint paddle ability. Training methods that have emerged as highly 

effective with improving aerobic performance and metabolic functioning are high intensity 

interval training (HIT) and more recently sprint interval training (SIT) (Billat, 2001; 

Buchheit & Laursen, 2013a, 2013b; Laursen & Jenkins, 2002). From a surfing specific 

stand point, HIT has potential to be a favourable training stimulus for VO2max 

enhancements (Buchheit & Laursen, 2013a; Buchheit et al., 2008; Gibala, 2009; Gibala & 

McGee, 2008) and SIT for improving sprint paddle power and repeat sprint paddling ability 

(Burgomaster et al., 2008; Gibala et al., 2006; Gibala & McGee, 2008). Such adaptations 

would be highly beneficial for competitive athletes to withstand the demands of surfing 

and gain an upper edge over fellow competitors. 

 

1.2 Research Purpose 

The main objective of this thesis was to better understand the physiological factors 

important to surfing performance. In order to create an informed training prescription for 

the preparation of elite surfers, the reliability and validly of the SurfTraX GPS units (Study 

1) was determined. The activity profile and exercise durations of competitive surfing 

competitions were then quantified using performance analysis methods (Study 2). The 

results from Study 2 assisted in the design, validity and reliability of a repeated sprint 

paddle test (RSPT) that reflects the demands of the sport (Study 3). Thereafter, the thesis 

examined the training loads of adolescent competitive surfers (Study 4) and the 

effectiveness of implementing structured training programmes in surfing athletes. 

Specifically, the results of Study 2 aided in the design of two distinct training methods 

aimed at improving aerobic and anaerobic capacity of surfing athletes (Study 5). 
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1.3 Research Significance 

The growth of competitive surfing and increased attention given to these athletes 

striving to qualify and compete at the highest level of international surfing requires coaches 

and athletes alike to be up to date with the latest scientific literature to help enhance the 

qualities required to win. Research on the competitive requirements, physiological 

demands, assessment of fitness and trainability of anaerobic and aerobic fitness qualities 

of surfers is vital for the growth of elite surfing performance. Such information will support 

the development of surf specific on-and-off-water training programmes. The findings from 

this thesis provide additional surfing literature, thus informing sports scientists, coaches 

and the wider surfing community on methods to improve surfing performance. The use of 

the data from this thesis will also provide an in-depth analysis of competitive surfing and 

physical requirements at different locations/breaks; a test for measuring surfers’ repeat 

sprint paddle ability, which can be used for performance monitoring; applicable water 

based paddle-training methods that improve paddle performance and talent identification 

through the aforementioned information. 

 

1.4 Research Questions and Hypothesis  

 

Study 1 

1. Are the SurfTraX GPS units capable of measuring the actual measured distance 

correctly between day-to-day tests and between units during 100m of sprinting, 

rugby field walking and a ‘W’ shape run? 

• Measured distances will not be the same between day-to-day testing and 

between units. GPS units will not measure the actual distances correctly. 

The GPS units will underestimate the actual distance at sprinting 100m and 

running in a ‘W’ shape but will be accurate during the walk. 

2. What is the day-to-day and between unit reliability of SurfTraX GPS units during 

100m sprinting, rugby field walk and a ‘W’ shape run?  

• The day-to-day results within all tests will provide similar results, but will 

have a small error for all speeds and distance measures. All GPS units will 

provide reliable inter unit data during the walk, but will not be as reliable 

during the 100m sprint or the W running course, again subject to small 

errors within measures. 
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Study 2 

1. What are the activity profiles (i.e. exercise durations, distances, velocity of 

movements, work to rest ratios) experienced during competitive surfing and do 

these demands differ between surf break locations/type? 

• Competitive surfing will be characterised by short duration (4-6s) 

moderate- to high-intensity bouts of paddling, cover approximately 1km per 

20 minutes of surfing time. Overall intensity (velocity), the percentage of 

time spent paddling and the percentage of time spent wave riding will differ 

between locations. The total distance travelled and overall time spent wave 

riding will be higher at a point-break compared to a beach-break. 

2. Do the activity profiles differ between surfers competing in the same heats and are 

higher ranked surfers surfing faster, further and catching more waves? 

• The distances travelled, number of waves caught, sprint paddles and rest 

periods will be different between surfers of all levels. Therefore, the activity 

profiles will differ. Higher ranked surfers will paddle further, catch more 

waves and generate more speed on a wave. 

 

Study 3 

1. Are measurements of total time, fastest time, fatigue index, peak velocity and blood 

lactate assessed using the repeat sprint paddle test reliable between day-to-day trials?  

• The test will be reliable between days, providing a reliable measure of 

performance and blood lactate.  

2. Does a pool-based repeat sprint paddle test provide discriminatory validity data 

between surfers of varying abilities and paddling performance? 

• Performance measure outcomes from the RSPT will be greater for higher 

ranked surfers, compared with lower ranked surfers and that of 

recreational surfers. 

 

Study 4 

1. How many hours a week do adolescent surfers spend in the water surfing in terms 

of free surfing, being coached and competing? 

• Surfers will spend around 12 hours of free surfing per week, 4 hours being 

coached and 20 minutes competing.  
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2. How many hours a week do adolescent surfers spend physically training as part of 

a structured weekly plan performing strength, balance and conditioning work? 

• Surfers will not spend any time strength training, but will spend 4 hours 

conditioning and 2 hours’ balance training per week. 

 

Study 5 

1. Does additional, specific paddle based training of high intensity interval training 

(HIT), or sprint interval training (SIT) improve surfing performance (aerobic 

conditioning, repeated efforts and anaerobic repeat sprint paddle ability)?  

• SIT will produce significant improvements in the 15m sprint paddle but 

not the 400m paddle. HIT training will improve anaerobic threshold and 

result in improvements in the 400m paddle and the repeat sprint paddle 

test. 

 

 

1.5 General Overview 

In spite of the recent growth in the professionalism of surfing there is still a paucity 

of research into surfing performance as a whole. While there has been an attempt to identify 

the physical demands of surfing through performance analysis, relationships between 

indices of surfing performance and physiological demands and/or characteristics of surfers, 

current research is characterised by methodological discrepancies. Currently there is no in-

depth performance analysis of competitive surfing nor is there any investigation between 

locations and individual competitors. Specific pool-based paddling testing protocols to 

assess surfing athletes’ repeat sprint paddle performance or studies investigating the 

implementation of interval paddling, are also not evident in current research. 

 

As such, this thesis consists of five studies to assess the competitive requirements, 

test specific repeat sprint fitness and the trainability of sprint paddling in surfers. The 

purpose of this thesis was to firstly determine the reliability and validity of custom-made 

GPS units for use in surfing (Study 1), thereafter investigate the durations, intensity, 

external loads and velocity of movement during competitive surfing (Study 2). During 

Study 2, participants wore a GPS tracking unit while simultaneously being filmed for 

synchronisation and time-motion analysis at three different surfing locations and events. 
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The performance analysis aided in forming a basis of rationale for developing and 

determining reliability of a novel repeat sprint paddle test (RSPT) (Study 3). Additionally, 

performance measurements recorded from RSPT were used to determine if blood lactate, 

total time, peak velocity, fastest 15m time and fatigue index are relevant for surfing 

performance and whether the RSPT provides additional discriminatory information beyond 

an existing test (i.e. 400m endurance time trial).  

 

The pilot study (study 4) questioned eight adolescent surfers twice a week for six 

weeks during which they reported on the weekly surfing hours and structured training hours 

they undertook. Several participants did not report any form of structured training. Given 

that such structured training has been reported on to improve performance in many sports, 

these findings warrant the need for investigation into the benefits of structured training 

within surfing. Thereafter, the fifth study (Study 5) examined the effects of two specific 

training methods; sprint interval training (SIT; 10 s paddle bursts) and high intensity 

interval training (HIT; 30 s paddle bursts). Such training methods were implemented to 

improve 400m time trial and anaerobic repeat sprint paddle ability in adolescent surfers. 

Overall, this thesis contributed to the establishment of reliable GPS units for use in surfing 

research, work to rest ratios at different types of surf breaks and the competitive demands 

on a greater scale. Further, it determined specific performance testing protocols for 

competitive and recreational surfing athletes, the surfing and structured training hours of 

competitive adolescent surfers and the implications of HIT and SIT in improving aerobic 

and repeat sprint paddle ability.   
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Chapter 4: Literature Review 

The Utilisation of Sprint and High-Intensity Interval Training to aid in Surfers’ 

Trainability for such Prerequisites 

 

4.1 Introduction 

Competitive surfing is a sport that is predominantly characterised by intermittent 

paddling bouts that vary in intensity and duration (Farley et al., 2012b; Mendez-Villanueva et 

al., 2006; Secomb et al., 2014). This is due to surfing involving prolonged periods of paddling 

to the waves, against currents, moving to different locations and remaining stationary while 

recovering or waiting for a suitable wave (Farley et al., 2012a; Lowdon, 1983). Not only are 

professional surfers battling the environmental variables, but they can compete in up to four, 

20 to 40 min heats within a single day (Farley et al., 2012b; Meir et al., 1991; Mendez-

Villanueva et al., 2006; Secomb, 2012) and can paddle approximately 1km during a 20 min 

competitive heat (Farley et al., 2012b).  

 

Competitive surfing takes place under a variety of surf conditions, environmental 

factors and at different surf break locations. As a result, the multiple facets involved ultimately 

influence the physiological demands encountered (Farley et al., 2012b; Lowdon, 1983; Meir et 

al., 1991; Mendez-Villanueva et al., 2006; Secomb, 2012). These demands are further 

increased by intermittent breath holding during the duck-diving process under advancing 

broken waves and during wave hold-downs (Loveless & Minahan, 2010a, 2010b; Lowdon, 

1983; Lowdon et al., 1989; Lowdon & Pateman, 1980; Meir et al., 1991; Mendez-Villanueva 

& Bishop, 2005; Mendez-Villanueva et al., 2006; Mendez-Villanueva et al., 2005). This is 

illustrated by the fact that surfers typically paddle between 60% (Mendez-Villanueva et al., 

2006) and 80% (Farley et al., 2012b; Secomb et al., 2014) of the total paddling time between 

1 and 20 s. From these paddling bouts, it has been reported that approximately 60% (Farley et 

al., 2012b; Secomb et al., 2014) of the total time paddling is spent paddling between 1 and 10 

s, interspersed with short periods of recovery (64% between 1 – 10 s), resulting in moderate 

(140 b·min-1) to high (190 b·min-1) HR (Farley et al., 2012b; Mendez-Villanueva et al., 2006; 

Secomb, 2012).  

 

In addition to the prolonged periods of submaximal exercise, surfers are also required 

to perform short powerful bursts of paddling (4 – 5 s) to reposition in the surf and to gain crucial 

61 
 



enough momentum for the wave take-off (Farley et al., 2012a, 2012b; Loveless & Minahan, 

2010b; Lowdon, 1983; Lowdon et al., 1989; Lowdon et al., 1990; Lowdon & Pateman, 1980; 

Meir et al., 1991; Mendez-Villanueva & Bishop, 2005; Mendez-Villanueva et al., 2006; 

Secomb, 2012; Secomb et al., 2014). These repeated high-intensity bursts of intermittent 

paddling and short recovery periods emphasise the importance of paddling and recovery ability. 

This highlights the importance of athletes requiring high muscular endurance; moderate-high 

cardio-respiratory endurance and recovery, and anaerobic power of the upper-body (Farley et 

al., 2012a; Lowdon, 1983; Lowdon et al., 1989; Lowdon & Pateman, 1980; Meir et al., 1991; 

Mendez-Villanueva & Bishop, 2005). Competitive surf athletes also perform high volumes of 

training/continuous paddling due to the amount of time spent surfing daily/weekly (Loveless 

& Minahan, 2010a). Therefore, to gain maximal sprint paddle benefits, but limit extra loading 

onto the shoulders and surrounding muscle groups, a practical, time-efficient training module 

is required.  

 

The physical capacity to catch waves and out-paddle competitors during a heat is a vital 

component of the sport and potentially the difference between winning and losing a competitive 

heat. Surfers with superior sprint paddling ability may have an advantage against their 

competition in a heat by sitting deeper on the peak of the wave, thereby controlling the line-up 

(Tran, 2015). Those who are able to out paddle opponents have a greater chance in obtaining 

‘priority’. Within competitive surfing, such as on the World Surfing League, the surfer with 

priority has the unconditional right of way to catch any wave they choose, with priority lost 

once they catch a wave and/or a surfer paddles for but misses a wave (WSL, 2015). A 

significant relationship between a surfer’s season rank and anaerobic peak power output has 

been reported, thus highlighting the importance of anaerobic power as a key aspect for success 

in the sport (Farley et al., 2012a). Surfers lacking upper-body paddling power to catch the wave 

will likely hinder their scoring chances due to not being able to enter the wave with speed and 

commit to ‘catch’ waves at a crucial take-off point (higher risk to fall from having to stand up 

quickly); commitment is part of the judging criteria (ASP, 2013). Therefore, with a higher entry 

speed the surfer can generate board speed quickly, thus allowing them to execute the first 

manoeuvres in the most critical section of the wave with greater speed and power to maximise 

scoring potential (Sheppard et al., 2012).  

 

From a physiological standpoint, training the aerobic energy system is important due to 

the continuous submaximal paddling and repeated high-intensity efforts (Farley et al., 2012a; 
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Loveless & Minahan, 2010a; Lowdon, 1983; Lowdon & Pateman, 1980). Furthermore, key 

physiological performance aspects of professional surfing athletes include the ability to 

recovery quickly, withstand the surf break conditions, as well as surf waves with speed, power 

and execute manoeuvres with flair. Given the importance of sprint paddling performance in 

surfing, training methods are needed to specifically target the energy systems utilised during 

such short and powerful movements. Incorporating these aspects in the training regimes of elite 

surfers may allow sport scientists and strength and conditioning coaches to better prepare these 

athletes for competition. 

 

Greater analysis of the sport from recent research has allowed an understanding of the 

physiological demands and workloads associated with surfing. Training in regards to the 

aforementioned energy systems and performance aspects associated with the sport should be 

investigated to aid these athletes. Currently however, there is limited literature on training 

aspects, particularly related to paddling performance and energy systems, which is unlike that 

of mainstream sports. To date, no studies have specifically reported on the trainability of 

paddling performance. The development of best practice for training energy systems would aid 

in the development and preparation of professional surfers. Therefore, this review covers 

literature investigating various training protocols utilised in sports to enhance the anaerobic 

and aerobic fitness of athletes. An ever increasing amount of literature has emerged 

investigating high intensity interval training (HIT) and more recently sprint interval training 

(SIT), as highly effective methods of training to improve aerobic performance and metabolic 

functioning (Billat, 2001; Buchheit & Laursen, 2013a; Laursen & Jenkins, 2002). With 

literature suggesting that surfing athletes need to have repeat sprint paddle ability, upper-body 

paddling power and a well-developed aerobic capacity, training methods should emphasise 

these energy systems. For that reason, this review will cover literature based on HIT and SIT 

in regards to how these methods can be applied to training programmes for surfers. 

 

4.2 High Intensity Interval Training 

HIT has emerged as an effective training method for improving both aerobic and 

anaerobic capacities, with such adaptations dependent on the intensity and duration of work 

and relief periods, exercise modality and the number of repetitions and sets (Buchheit & 

Laursen, 2013a, 2013b; Laursen & Jenkins, 2002; Sloth, Sloth, Overgaard, & Dalgas, 2013). 
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The manipulation of any of these aforementioned variables can affect the acute physiological 

responses from HIT (Buchheit & Laursen, 2013a). In contrast to submaximal exercise training, 

which is characterised by prolonged, continuous activity, HIT is normally achieved through 

the use of intervals with modalities generated from the demands of the sport. Traditional HIT 

is characterised by intermittent work periods of 30 s interspersed with 30 s of rest, performed 

at a higher-intensity that is greater than the anaerobic threshold (Laursen & Jenkins, 2002) and 

that elicits VO2max (Buchheit & Laursen, 2013a, 2013b; Buchheit et al., 2008; Gibala, 2009; 

Gibala & McGee, 2008). In addition, HIT can be defined as repeated short (≤45 s) to long (2 – 

4 min) bouts of high-intensity exercise interspersed with recovery periods (Billat, 2001; 

Buchheit & Laursen, 2013b; Laursen & Jenkins, 2002) of low-intensity work or inactivity that 

allow a partial, but often not a full recovery (Laursen & Jenkins, 2002). This type of training 

repeatedly stresses the metabolic systems used during specific endurance-type exercises 

(Daniels & Scardina, 1984) at a higher intensity to what is actually required during the activity 

(Laursen & Jenkins, 2002).  

 

As a result of high volume training, athletes with a greater training age characteristically 

have a high aerobic capacity, lactate threshold and economy of motion (Jones & Carter, 2000; 

Laursen & Rhodes, 2001). Therefore, HIT may provide a unique stimulant to further enhance 

these characteristics (Laursen & Jenkins, 2002; Londeree, 1997). Exercising at intensities close 

to the athletes’ VO2max allows for the recruitment of large motor units (i.e. Type IIA 

(intermediate) muscle fibres) (Altenburg, Degens, van Mechelen, Sargeant, & de Haan, 2007; 

Gollnick, Piehl, & Saltin, 1974; Haff & Triplett, 2015; Karp, 2001) and the implementation of 

near-to-maximal cardiac output, which, sequentially results in oxidative muscle fibre 

adaptation and myocardium enlargement (Buchheit & Laursen, 2013a). As such, effective 

stimulus and adaptations require athletes to spend several minutes per HIT session at intensities 

greater than 90% of VO2max (Billat, 2001; Buchheit & Laursen, 2013a; Laursen & Jenkins, 

2002; Midgley, McNaughton, & Wilkinson, 2006). The implications of HIT have been 

suggested to stimulate the skeletal muscle modelling, typically associated with traditional 

endurance training (Gibala & McGee, 2008) and increase cardiovascular parameters such as 

heart size, blood flow capacity and artery dispensability (Krustrup, Hellsten, & Bangsbo, 2004; 

Rakobowchuk et al., 2008). Indeed, several studies have documented enhanced cardiovascular 

fitness (Buchheit & Laursen, 2013a; Buchheit et al., 2008; Gibala, 2009; Gibala & McGee, 

2008) and VO2max following two (Hazell, MacPherson, Gravelle, & Lemon, 2010; Rodas, 

Ventura, Cadefau, Cussó, & Parra, 2000) to ten (Hickson, Bomze, & Holloszy, 1977) weeks 
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of structured HIT. Furthermore, it has been reported that an increase in VO2peak and maximal 

activity of mitochondrial enzymes in skeletal muscle (Laursen & Jenkins, 2002; Ross & 

Leveritt, 2001) have occurred following six weeks of HIT. Such adaptations in VO2max may be 

associated with improvements in both oxygen delivery and oxygen utilisation, suggesting that 

HIT is an extremely effective method of training to improve cardiovascular fitness in athletes 

(Buchheit & Laursen, 2013a; Buchheit et al., 2008; Gibala, 2009; Gibala & McGee, 2008). By 

improving cardiovascular parameters a greater amount of energy can be supplied aerobically, 

thus allowing athletes to sustain intense exercise for longer durations and also recover more 

rapidly between high-intensity phases (Fernandez-Fernandez, Zimek, Wiewelhove, & Ferrauti, 

2012; Hazell et al., 2010; Iaia, Rampinini, & Bangsbo, 2009). It should be noted that such 

adaptations have been reported from running and cycling studies, however, it has been 

documented that four weeks of HIT improved aerobic endurance capacity in swimmers (Faude 

et al., 2008) which is highly applicable to surf athletes. 

 

In many forms, HIT can elicit significant improvements in endurance performance with 

already highly trained athletes (Laursen, Blanchard, & Jenkins, 2002; Smith, McNaughton, & 

Marshall, 1999; Stepto, Hawley, Dennis, & Hopkins, 1999). Such performance improvements 

have been shown to be parallel to the enhancements in ventilator threshold and peak power, 

but generally not VO2max or economy of motion (Laursen & Jenkins, 2002). For highly trained 

surfers who typically have a well-developed aerobic capacity (Farley et al., 2012a; Lowdon, 

1983; Lowdon et al., 1989; Lowdon & Pateman, 1980; Meir et al., 1991; Mendez-Villanueva 

& Bishop, 2005), endurance performance, peak power and ventilator threshold enhancement 

would be beneficial for sprint paddling power and the intermittent repeat sprint paddling seen 

in the sport. Such improvements from a relatively low impact and time-efficient form of 

training is positive to implement with surf athletes. 

 

4.3 Sprint Interval Training 

SIT is an aspect of HIT involving repeated bouts of maximal intensity work at shorter 

intervals (10 – 30 s), with relatively long periods of rest (i.e. 4 – 6 repeated ‘‘all-out’’ 30 s 

efforts separated by 4 min recovery). The implementation of 30 s SIT has been proposed as an 

innovative and time-efficient method to induce rapid changes in exercise capacity and skeletal 

muscle energy metabolism (Burgomaster et al., 2008; Gibala et al., 2006; Gibala & McGee, 
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2008). Like HIT, the magnitude of such performance changes depend on the nature of the 

training protocol, such as the frequency, intensity, duration and recovery between bouts 

(Burgomaster, Hughes, Heigenhauser, Bradwell, & Gibala, 2005), with repeated bouts of SIT 

likely stressing many of the physiological/biochemical systems used in aerobic efforts (Daniels 

& Scardina, 1984; Laursen & Jenkins, 2002). The small duration of very intense work has been 

reported to “double” the length of time intense aerobic exercise could be maintained (i.e. from 

26 to 51 min) (Coyle, 2005) and has been further documented to improve cardiovascular fitness 

and peripheral muscular adaptations (Burgomaster et al., 2008; Gibala et al., 2006; Gibala & 

McGee, 2008; Sloth et al., 2013). The metabolic changes reported are likely a result of the high 

simultaneous stress on both the anaerobic and aerobic energy systems.  

 

The effectiveness of SIT is associated with to the high level of motor unit activation as 

mentioned in HIT. All-out sprint training stresses the recruitment and adaptation of Type IIA 

(intermediate) muscle fibres that are just as responsive as Type I (slow twitch) muscle fibres in 

increasing mitochondrial enzyme activity to high absolute levels (Chi et al., 1983; Coyle, 2005; 

Dudley, Abraham, & Terjung, 1982; Haff & Triplett, 2015; Jansson & Kaijser, 1977). As such, 

the implications of SIT have been reported to increase mean and peak anaerobic capacity 

(Barnett et al., 2004; Burgomaster et al., 2007; Burgomaster et al., 2008; Burgomaster et al., 

2005; Hazell et al., 2010; McKenna et al., 1997) and maximum short-term power output 

(MacDougall et al., 1998). Furthermore, alterations in glycolytic enzymes, increase muscle Cr 

and CK levels (Burgomaster et al., 2008), muscle buffering and ionic regulation following SIT 

result in improved anaerobic performance (Burgomaster, Heigenhauser, & Gibala, 2006; 

Burgomaster et al., 2005; Gibala et al., 2006; Harmer et al., 2000; Hazell et al., 2010; 

MacDougall et al., 1998). The increased maximal glycolytic enzyme activity and sodium 

potassium (Na+-K+) pump capacity are also suggested to improve power output (MacDougall 

et al., 1998). Given the utilisation of aerobic metabolism during repeated sprinting (Bogdanis 

et al., 1996b; McKenna et al., 1997), increases in muscle oxidative capacity have been reported 

(Burgomaster et al., 2008; Gibala et al., 2006) after 6 to 8 weeks of SIT (Burgomaster et al., 

2005; Jacobs, Esbjörnsson, Sylven, Holm, & Jansson, 1987; MacDougall et al., 1998).  

 

Of particular interest to the implementation of power burst paddling in surfing, 

especially when paddling into a wave, is that individual SIT bouts are typically characterised 

by the generation of peak power output within the first 5 to 10 s. For an athlete preforming 

traditional 30 s bursts, the power output declines for the remaining 20 to 25 s, however, 
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maintenance of a high power output is required (Hazell et al., 2010). One study (Hazell et al., 

2010) demonstrated that modified SIT protocols (4 – 6 x 10 s:2/4 min recovery, three times per 

week over two weeks) produced similar and significant VO2max and 5km time trial performance 

improvements when compared with the established 30 s:4 min SIT protocol. Such performance 

improvements were attributed to the generation of peak power output and higher intensity of 

work during the first few seconds of each training bout compared to 30 s SIT (Hazell et al., 

2010). However, the underlying mechanism responsible for these rapid adaptations requires 

further investigation. Nonetheless, such adaptations are highly relevant to surfers’ sprint 

paddles, with the main stimulus of SIT being the generation of peak power output (Hazell et 

al., 2010). 

 

4.4 Repeated Ability 

During surfing, there are periods where the athlete performs multiple repeated efforts 

and short sprint bursts of paddling, such as when duck diving under waves and paddling quickly 

before repeating the same process, or when repositioning for a wave after missing one, then 

paddling quickly for another wave. The ability to repeat, short bursts of sprints/efforts (1 – 7 

s), with brief recovery periods (≤30 s), is asserted to be a critical aspect of athletic fitness and 

sprint ability within field and court-based team sports (Newman, Tarpenning, & Marino, 2004; 

Turner & Stewart, 2013; Wadley & Le Rossignol, 1998). This repeated sprinting, termed 

repeated sprint ability (RSA) (typically attributed to ≤10% of total activity and defined by a 

number of sprints and rest in a specified time period) has been established as an important 

fitness component and critical in the outcome of a field-based match (Oliver, Williams, & 

Armstrong, 2006; Reilly, 1997). Athletes who are able to produce and maintain a higher RSA 

are likely to outperform and withstand a higher physiological workload than athletes with a 

lower ability (Bishop, Spencer, Duffield, & Lawrence, 2001).  

 

Literature has recently moved away from RSA and begun referring to it as repeat effort 

ability (REA). In a rugby league study, athletes performed a repeated-sprint (12 x 20m sprints 

performed on a 20 s cycle) and a repeated-effort (12 x 20m sprints with intermittent tackling, 

performed on a 20 s cycle) (Johnston & Gabbett, 2011). The authors suggested that the addition 

of tackling significantly increased the physiological response to repeated-sprint exercise and 

reduced repeated-sprint performance in rugby league players (Johnston & Gabbett, 2011). This 

method of training and testing could be applied to surfing when aspects such as duck diving 
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are included in the definition because it then encompasses all activities that are energetically 

demanding. Therefore, given that competitive surfers are engaged in such paddling bouts, 

including the other multiple facets that are energetically demanding, it is likely that a greater 

repeat sprint ability or repeated effort could also be beneficial to surfing athletes as seen in 

team based sports (Johnston & Gabbett, 2011; Sheppard et al., 2007).  

 

4.5 Utilisation of Training Methods 

Given that typical paddling bouts range between 1 and 20 s, accounting for between 60 

and 80% (Farley et al., 2012b; Mendez-Villanueva et al., 2006; Secomb et al., 2014) of the 

total paddling time (with approximately 60% (Farley et al., 2012b; Secomb et al., 2014) of the 

total time spent between 1 and 10 s paddling), training methods should specifically target the 

energy systems utilised during such short and powerful movements. Additionally, due to the 

high volumes of training/surfing, daily/weekly (Loveless & Minahan, 2010a) and demands of 

the sport, a practical, time efficient protocol needs to be established for paddling enhancement. 

Therefore, particular to the nature of surfing, HIT and SIT would seem viable training choices 

given the conclusions of current literature (Gibala, 2009; Gibala & McGee, 2008). The addition 

of RSA and REA could also be applied into training, with modifications of RSE including 

intermittent high intensity bouts of all out paddling and intermittent breath holds intercalated 

with relatively short recovery periods (Ref Farley phys demns paper). In addition, a repeat 

sprint paddle test should be investigated, given the establishment of RSA in team sports a 

reliable test, such testing protocols have not been developed in surfing. 

  

From literature to date, it appears that exercise intensity is a more critical aspect of 

aerobic training adaptations rather than exercise volume (Macpherson, Hazell, Olver, Paterson, 

& Lemon, 2011). Studies using similar methods have reported HIT (90 s burst) induced greater 

improvements in sport-specific endurance and repeat sprint training, (5 s bursts) which led to 

a significant improvement in repeat sprint ability (Fernandez-Fernandez et al., 2012). As such, 

it would appear that HIT and SIT, although very similar in adaptations, also share differences 

in the recruitment of the metabolic energy systems and concurrent acute physiological 

responses. From a surfing specific standpoint, HIT has potential to be a favourable training 

stimulus for VO2max enhancements and SIT for improving sprint paddle power and repeat sprint 

paddling ability. Such adaptations would be highly beneficial for competitive athletes to 
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withstand the demands of surfing and gain an upper edge over fellow competitors. Benefits 

include out paddling and gaining priority over fellow competitors and entering the wave from 

a more critical section with greater speed. This would allow athletes to commit to waves earlier 

on, thus allowing higher scoring chances and also the execution of manoeuvres in the most 

critical section of the wave to maximise scoring potential (Sheppard et al., 2012). 
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Chapter 7: 

Study 3: The Repeat-Sprint Paddle Test: A Protocol for Measuring Surfing Athletes’ 

Sprint Paddle Performance 

(Strength and Conditioning Journal, In Review) 

 

7.1 Introduction  

Competitive surfing has become increasingly popular over the past few years with a 

greater interest now being placed on the physical and physiological development of these 

athletes (Farley et al., 2012a; Mendez-Villanueva & Bishop, 2005; Mendez-Villanueva et al., 

2005; Secomb, 2012; Sheppard et al., 2012; Sheppard et al., 2013). Specific testing protocols 

for assessment of performance and physiological characteristics relevant to surfing are 

important. Research on surfers’ physiological fitness has been primarily laboratory-based 

ergometer testing, such as assessment of cardiovascular fitness (VO2max) (Farley et al., 2012a; 

Loveless & Minahan, 2010a; Lowdon et al., 1989; Meir et al., 1991; Mendez-Villanueva et al., 

2005) or anaerobic power of the upper-body (Farley et al., 2012a; Loveless & Minahan, 

2010b). Recent research has investigated pool-based surfboard sprint paddling to reliably 

determine peak velocity and time taken to cover specific distances (Loveless & Minahan, 

2010b; Secomb, 2012; Sheppard et al., 2012; Sheppard et al., 2013). While ergometer testing 

provides valuable metabolic information about the physiological and performance 

characteristics of athletes, field-based pool testing may better simulate actual physical 

performance measures, such as paddle ability. It has been suggested that ergometer testing 

protocols can lack ecological validity and fail to replicate the specificity of the sport (Da Silva 

et al., 2011). Stationary paddle ergometer testing is an open kinetic chain activity, whereas 

surfboard paddling is considered a closed kinetic chain activity as the surfer ‘pulls’ their body 

over the water surface (Farley et al., 2013). As such, a pool based test is not only likely to be 

more practical to implement with elite athletes but may also have greater discriminatory 

validity than ergometer testing.  

 

A key physical requirement for surfing athletes is the ability to perform repeated, short 

powerful bouts of paddling in order to position themselves and catch waves (Loveless & 

Minahan, 2010b; Lowdon, 1983; Lowdon et al., 1989; Lowdon et al., 1990; Lowdon & 

Pateman, 1980; Mendez-Villanueva & Bishop, 2005). Previous surfing literature has 

documented that surfing entails intermittent paddling bouts that vary in intensity and duration 
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(Farley et al., 2012b; Mendez-Villanueva et al., 2006; Secomb et al., 2014), with surfers 

performing 10 to 16 (Farley et al., 2012b; 2014) short powerful bursts of paddling (4 – 5 s) to 

gain momentum for wave take-off (Farley et al., 2012b; Meir et al., 1991; Mendez-Villanueva 

et al., 2006; Secomb, 2012). Testing surfers’ paddling peak velocities within a swimming pool 

has been reported to range between 1.55 and 1.93 (m·s-1) for male and female surfers (Secomb 

et al., 2013; Sheppard et al., 2013), thus indicating the speeds and distances surfers paddle 

during each burst. Additionally, surfers also perform repeated bouts of high-intensity paddling 

(61% of total paddling bouts performed between 1 – 10 s), with short periods of recovery (64% 

between 1 – 10 s) (Farley et al., 2012b; Mendez-Villanueva et al., 2006; Secomb, 2012) and 

can compete in up to three heats per day (competitions), lasting between 20 to 40 min each 

(Farley et al., 2012b; Meir et al., 1991; Mendez-Villanueva et al., 2006). Such findings indicate 

that surfing is similar in nature to the repeat-sprint activity observed in many field-based team 

sports.  

 

Field-based team sports such as soccer, rugby (including other forms of the sport) and 

hockey require participants to repetitively produce and maintain maximal or near maximal 

sprints of short duration (1 – 7 s), with brief recovery periods, repeated over an extended period 

of time (60 – 90 min) (Bishop et al., 2001; Spencer et al., 2005). This repeated sprinting, termed 

repeated sprint ability (RSA) (typically attributed to ≤10% of total activity) has been 

established as an important fitness component and critical in the outcome of a field-based 

match (Oliver et al., 2006; Reilly, 1997). Athletes who are able to produce and maintain a 

higher RSA are likely to outperform and withstand a higher physiological workload than 

athletes with a lower ability (Bishop et al., 2001). Therefore, given that competitive surfers are 

engaged in such paddling bouts, it is likely that greater repeat sprint ability will be of benefit 

to surfing athletes. 

 

In order to design and validate a RSA test with specific sporting dynamics, the protocol 

should resemble the work to rest ratio and movement mechanics of the sport in question (Turner 

& Stewart, 2013). As such, time-motion analysis (TMA) via video recordings have allowed 

researchers to document the detailed movement patterns of team-sport athletes, developing the 

RSA testing protocols (Spencer et al., 2005). However, there is currently no test established to 

monitor repeat sprint ability in surfers, which is an important aspect to test given the repeated 

high-intensity paddling bouts implemented in the sport (Farley et al., 2012b; Meir et al., 1991; 

Mendez-Villanueva & Bishop, 2005; Secomb et al., 2014). Therefore, using similar protocols 
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and methods from established sports, the purpose of this study was to validate and determine 

the reliability of a novel repeat sprint paddle test (RSPT) specific to surfing and whether the 

RSPT provides additional discriminatory information beyond existing tests (i.e. 400m 

endurance time trial) or correlations (Sheppard et al., 2013). Additionally, it sought to 

determine whether measurements of blood lactate, total time, peak velocity and fastest 15m 

time assessed during the RPST are practically relevant for surfing performance and can provide 

discriminatory data between levels of athletes.  

 

7.2 Methods 

 

7.2.1 Experimental Approach to the Problem 

To design a RSPT specific to the movement patterns observed in surfing competitions, 

TMA data was video recorded then analysed from a World Championship Tour event (n=20 

videos recorded side-on to the competition on top of a hill for maximum view of surfers) with 

previous data also utilised for TMA activity count comparisons (Farley et al., 2012b; Secomb 

et al., 2014). On average, between 7 and 13 repeat sprint paddle bouts per surfer per heat were 

identified from TMA, with paddle bout and recovery (non-paddling) times between 2 to 9 s 

and 2 to 11 s, respectively. A repeated-sprint bout was defined as a minimum of three sprint 

paddles (less than 10 s), with a mean recovery duration between sprints of less than 15 s. 

Therefore, the RSPT was designed to mimic the time athletes are performing a maximal bout 

and resting between bouts (number of efforts and work: rest ratio). Further, given that previous 

literature has suggested peak paddling velocities of surfers range between 1.55 and 1.93 (m·s-

1) from a one-off burst paddle, a surfer paddling at an average of 1.5 (m·s-1) for 10 s would 

cover 15m. Therefore, 10 repeat sprints of 15m were chosen for the RSPT. Test-retest 

reliability sessions for the RSPT were conducted over two days (separated by minimum of 48 

hours). The timed 400m endurance paddle as previously established (Sheppard et al., 2013) 

was implemented on a third day also separated by 48 hours to determine if there are any 

correlations with the RSPT and if the RSPT provided relevant discriminatory information. 

 

7.2.2 Participants 

A total of 7 internationally competitive level male surfers (23.9 ± 5 y, 71.4 ± 9.2 kg, 

1.78 ± 0.03 m, >5 y professionally competing) and 12 recreational male and 6 female surfers 

(28.9 ± 7.4 y, 71.7 ± 10 kg, 1.77 ± 0.07 m, >5 y surfing experience) volunteered to participate 

in this study. The study was conducted according to the Declaration of Helsinki and approved 
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by the appropriate institutional ethics committee. Participants were tested following their 

normal routine of sleep, nutritional and hydration levels. Participants were instructed not to 

perform any form of weight training (i.e. above 70% 1RM) or prolonged (> 1.5 hours) surfing 

sessions two hours prior to data collection.  

 

7.2.3 Procedures 

Participants performed the RSPT and 400m paddle in an outdoor heated (20 – 24°C) 

25m swimming pool, allowing for an easy outline of distances for the subjects to cover and to 

control for potential environmental variables associated with surfing. All testing was 

implemented during calm dry days at the same time of day for each participant, with outdoor 

temperature approximately 20 – 28°C. To standardise trials, participants used the same 

personal surfboard during the three testing sessions, wore consistent swimwear and started 

from the same position in the pool. Prior to all testing, participants performed a standardised 

warm up of 50m of low-intensity paddling on the surfboard, followed by specific 10m sprint 

paddles at 70, 80 and 90% of maximal effort with approximately 1-min between intervals. Prior 

to initial RSPT testing on the first day, three slow, self-paced trials were used for 

familiarisation, followed by a 2-min break. On day two a 2-min break was also used after the 

standardised warm up before performing RSPT. The two RSPT sessions were used to assess 

the test-retest reliability. The starting position was stationary, lying prone on the surfboard, 

approximately 10 cm away from the pool edge with an ankle held by an investigator. 

Participants were then counted down loudly “3, 2, 1”, “Go” with timing and recording of data 

automatically commenced once the first movement of the horizontal position transducer is 

detected. Following the conclusion of the test, blood lactate was sampled and recorded via a 

Lactate Pro Analyser (KDK, Japan) on 8 recreational and 4 competitive participants. Blood 

lactate was sampled from the left index finger at 1-min, 2-min and 3-min after completing the 

final sprint. Lactate sampling occurred when the participant was out of the pool standing, with 

the hand and fingers dried. 
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7.2.4 Repeat Sprint Test 

The RSPT was implemented twice and consisted of participants sprint paddling (no 

kicking) 15m on their own surfboard, with a horizontal position transducer (I-Rex, Southport, 

Australia) recording at a displacement frequency of 0.02m, placed at each end of the pool 

(Sheppard et al., 2012; Sheppard et al., 2013). The line was clipped onto the back of the 

swimwear at the starting point and a flag marker at each end of the pool was used as a visual 

indicator of the 15m mark, which athletes had to paddle past with maximal effort. The 

remaining distance of the 25m pool allowed surfers to glide to the end with enough room to 

turn their board around. During the time frame between the start of each sprint paddle (30 or 

40 s depending on group), a researcher unclipped the extended I-Rex line, then attached the 

new I-Rex line to allow data collection in both directions 

 

The protocol consisted of 10 x 15m sprint paddles, with each sprint plus recovery 

lasting either 30 s (competitive surfers) or 40 s (recreational and female surfers). This time 

difference was implemented after pilot tests revealed several of the recreational participants 

failed to complete the test in 30 s, whereas competitive surfers’ paddle speeds were far greater 

than recreational surfers, and fatigue was slower. Therefore, a time-frame of 30 s was 

implemented for the competitive group. Recreational surfers and females maintained the 40 s 

time-frame, allowing them to complete each sprint with an adequate recovery time (5 – 15 s) 

for all 10 rounds. Data from each bout of the sprint paddles were recorded onto a portable 

laptop computer, with further analysis of results completed using Microsoft Excel and SPSS 

for statistical analysis. The performance measures included; fastest 15m sprint time, peak 

velocity (m·s-1), total time and fatigue index calculated as the average time minus the fastest 

15m time. This calculation is an adaption of the percentage decrement score (Fitzsimons, 

Dawson, Ward, & Wilkinson, 1993). 

 

7.2.5 400m Timed Endurance Paddle Test 

The timed 400m endurance paddle test consisted of surfers paddling non-stop over a 

20m up and back course, with participants completing a 180 degree turn at the buoys (20m 

apart) whist remaining prone on their board, ensuring continuous paddling to a total of 400m 

with the total time to complete 400m recorded (Sheppard et al., 2013). The time to complete 

the paddle test allows for determination of each subjects average aerobic speed, which reflects 

individual endurance capabilities. 
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7.2.6 Statistical Analyses 

Mean and ± standard deviations (±SD) were calculated for the variables; total time, 

fastest 15m time, peak velocity and fatigue index. Intra-class correlation coefficient (ICC), 

typical error as a coefficient of variation (CV%) and typical error (TE) with 90% confidence 

limits (CL) were used to determine the between days repeated test reliability of the dependent 

variables using Hopkins spreadsheet (Hopkins, 2000). In addition, the smallest worthwhile 

change (SWC) was calculated as 0.20 x between subjects’ SD. Discriminatory validity of the 

RSPT performance variables between competitive and recreational surfers were determined by 

statistically analysing day 1 and day 2 results via Independent Samples T Test using statistical 

analysis package (SPSS, Version 22.0; Chicago, IL). Pearson’s Correlations (r) between 400m 

time and RSPT variables were statistically analysed using SPSS, statistical significance defined 

as p≤0.05. CV% was categorised as poor (≥10%), moderate (5 – 10%) or good (≤5%) based 

on values used in previous research (Duthie et al., 2003; Johnston et al., 2014). The strength of 

the ICC scores was based on Pearson’s correlation coefficients and regarded as trivial (0.0), 

small (0.1), moderate (0.3), large (0.5), very large (0.7), nearly perfect (0.9) and perfect (1.0) 

(Hopkins, 2008).  

 

 

7.3 Results 

 

The descriptive analysis, including means and ± SDs for both the recreational and 

competitive groups, along with the ICC, TE and CV% and SWC for the RSPT variables of 

interest are presented in Table 14. Blood lactate measures recorded from 8 recreational, 4 

competitive surfers (n=12) reported a 0.40 ± 0.10 mmol/L difference between day-to-day trials.  
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Table 14: Reliability of performance during the repeat sprint paddle test in recreational and 
competitive surfers 

Variable  Day 1 Day 2 ICC 
 (CL 90%) 

CV%  
(CL 90%) 

TE  
(CL 90%) SWC 

Recreational Surfers (n=18) 

Total Time (s) 115.27 ± 13.19 115.51 ± 13.86 0.98 
(0.95 – 0.99) 

1.7 
(1.4 – 2.5) 

0.15 
(0.15 – 0.21) 2.70 

Fastest 15m (s) 10.56 ± 0.82 10.64 ± 0.91 0.95 
(0.89 – 0.98) 

1.9 
(1.5 – 2.7) 

0.17 
(0.13 – 0.24) 0.17 

Peak Velocity 
(m·s-1) 1.63 ± 0.14 1.62 ± 0.14 0.97 

(0.93 – 0.99) 
1.7 

(1.3 – 2.4) 
0.15 

(0.11 – 0.21) 0.03 

Fatigue Index  0.95 ± 0.72 0.93 ± 0.72 0.73 
(0.47 – 0.87) 

67.5 
(49.9 – 105.9) 

0.55 
(0.46 – 0.76) 0.14 

       

Competitive Surfers (n=7) 

Total Time (s) 106.60 ± 7.23 105.91 ± 7.29 0.99  
(0.97 – 1.00) 

0.8 
(0.8 – 1.6) 

0.12 
(0.09 – 0.24) 1.46 

Fastest 15m (s) 9.65 ± 0.51** 9.63 ± 0.44* 0.91  
(0.68 – 0.98) 

1.8 
(1.3 – 3.6) 

0.38 
(0.26 – 0.72) 0.09 

Peak Velocity 
(m·s-1) 1.75 ± 0.08** 1.77 ± 0.09** 0.93 

(0.73 – 0.98) 
1.7 

(1.2 – 3.3) 
0.35 

(0.24 – 0.66) 0.02 

Fatigue Index  1.01 ± 0.44 0.96 ± 0.42 0.81  
(0.3 – 0.95) 

26.8 
(17.8 – 57.7) 

0.52 
(0.36 – 1.0) 0.08 

       
Blood Lactate Measures (n=12, 72 samples)     

Bla mmol/L 8.1 ± 2.5 7.7 ± 2.6 0.73 
(0.55 – 0.84) 

23.7 
(19.2 – 31.1) 

0.53 
(0.44 – 0.68) 0.51 

Note: ICC = Intra-class correlation coefficient; CV% = typical error as coefficient of variation; 
TE = typical error is provided with 90% confidence limits (90% CL); SWC = smallest 
worthwhile change (SWC). * = significantly different to recreational surfers p=≤0.01  
(2-tailed); ** significantly different to recreational surfers p=≤0.05 (2-tailed). 

 

The discriminatory validity between the competitive level surfers and recreational 

surfers completing the RSPT on different times is presented in Table 15, demonstrating a 

measure of ecological validity. 

 

Table 15: Discriminatory validity between competitive level surfers and recreational surfers 
tested on different times 

  95% Confidence Interval of the Difference 
Variable Day 1 Lower Upper Day 2 Lower Upper 

Total Time (s)  -2.3 19.7  -1.9 21.1 

Fastest 15m (s)  0.21 1.6  0.26 1.76 

Peak Velocity 
(m·s-1) 

 -0.23 -0.004  -0.27 -0.03 
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The 400m paddle times for the 18 recreational surfers was significantly (p=≤0.01) 

correlated with all of the RSPT performance measures (Table 16). Likewise, significant 

correlations (p=≤0.01) were observed between all RSPT performance measures (Table 16). 

 

Table 16: Intercorrelation matrix between the repeat sprint paddle test performance variables 
and the 400 m endurance paddle time between 18 surfers 

Variable  400m 
time 

Total 
RSPT 

time 

Fastest  
15m 

Peak 
Velocity 

(m·s-1) 

Ave 15m 
time 

(day 1) 

Ave 15m 
time 

(day 2) 

Ave PV 
(day 1) 

Ave PV 
(day 2) 

400m time 1.00        
Total RSPT time -.89* 1.00       
Fastest 15m .72* .90* 1.00      
Peak Velocity 
(PV) (m·s-1) -.71* -.88* -.98* 1.00     

Ave 15m time 
(day 1) .91* .99* .86* -.84* 1.00    

Ave 15m time 
(day 2) .89* .99* .92* -.88* .98* 1.00   

Ave PV (day 1) -.92* -.98* -.87* .87* -.98* -.96* 1.00  
Ave PV (day 2) -.88* -.98* -.94* .92* -.95* -.98* .97* 1.00 

*. Correlation is significant at the 0.01 level (2-tailed). 

 

7.4 Discussion 

 

The development of a test determining surfing athletes’ repeat sprint paddle ability, 

which to our knowledge had not been done before, was warranted to advance the understanding 

of the physical capabilities of surfers. Yet, to ensure that this test is useful to athletes, coaches 

and researchers it is important to determine the reliability and discriminatory validity of 

performance measures from this test. Therefore, the purpose of this study was to develop and 

determine the reliability of a novel RSPT. Additionally, it examined whether any of the 

performance variables and blood lactate, provided discriminatory validity on surfing athletes’ 

paddling performance. The study also examined whether any of the RSPT performance 

variables were correlated to a previously used 400m endurance paddle test and determine if 

such measures provided additional discriminatory information beyond the existing test. In view 

of the results, the RSPT should be complementary to the existing surfing specific performance 

tests described in previous literature (Sheppard et al., 2012). 
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The results from the study indicate that the novel RSPT using a horizontal position 

transducer at each end of the pool is reliable in recreational and competitive surfers for 

determining RSPT total time, best 15m time and PV (m·s-1). The RSPT total time, best 15m 

time and PV (m·s-1) determined for the 12 recreational male and six recreational female surfers 

were established to be reliable (CV%=≤1.9, TE=≤0.17 s, ICC=≥0.95) on separate days. 

Furthermore, the performance variables of 7 competitive surfers working on a 30 s time limit 

were also reliable on separate days (CV%=≤1.8, TE=≤0.38 s, ICC=≥0.91) and therefore 

indicating that the RSPT may be useful as criterion measures of athlete performance. These 

results are also comparable to water polo studies (TE=0.44 s, CV%=1.2, ICC=0.93, repeated 

sprints (Tan, Polglaze, & Dawson, 2010); ICC=0.88, SEM=0.13-0.49 s, CV%=6-7, agility tests 

(Tucher, Castro, Garrido, & Silva, 2014); CV%=5.4, shuttle test (Mujika, McFadden, Hubbard, 

Royal, & Hahn, 2006)).  

 

The small TE and SWC values for the RSPT performance variables reported in this 

study indicates the practicality of the test in determining performance enhancement measures 

for coaches and sport scientists. The small TE indicates that any results recorded for an athlete 

that are greater than the TE value are highly likely due to training/de-training induced changes 

and not biological variables and technical error inherent in the test (Sheppard et al., 2013). The 

change greater than the TE means that the change has exceeded the combination of biological 

and technical error inherent in the test. For example, a decrease in the total paddling time by 3 

s for a professional surfer would be regarded as ‘real and worthwhile’ change (Spencer, 

Fitzsimons, Dawson, Bishop, & Goodman, 2006). Likewise, an increase in surfers’ PV by 0.05 

(m·s-1) would be classified as a change too. This is because the differences are greater than 

both the TE and SWC found in this study for the performance measures. A performance change 

by 3 s likely represents an improved performance, however, it is difficult to isolate where this 

comes from in a performance test that is limited by a combination of factors (e.g. aerobic, 

anaerobic, peak velocity, etc.) as highlighted by the correlated factors in Table 16. However, 5 

weeks of strength training does appear to increased paddling speed over the 5, 10 and 15m 

while a control group became slower (d=0.71, 0.51, 0.4 respectively). Additionally, 

improvements were also reported in 400m paddling performance compared to control (d=0.72). 

However, the magnitude of performance increases appears dependent on initial strength levels 

with differential responses between strong and weaker athletes (Coyne et al., 2016 (In Press)). 

Equally, an increase in PV would aid in the ability to maintain and produce enough power for 

achieving early high-speed, efficient entry into waves (Sheppard et al., 2013).  
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Comparisons between the pool-based RSPT and laboratory-based ergometer paddling 

indicates that RSPT is just as reliable as ergometer tests (Farley et al., 2012a; Loveless & 

Minahan, 2010b; Morton & Gastin, 1997; Swaine, 2000). Additionally, it was found that the 

RSPT discriminates between levels of surfing ability, with recreational surfers having slower 

times and lower peak velocities compared to competitive surfers, even with greater time (40 s) 

to complete the test. This is in contrast to ergometer studies, where the results have not been 

able to detect maximal aerobic differences between groups of higher and lower surfing ability 

(Loveless & Minahan, 2010a; Mendez-Villanueva et al., 2005), or a relationship to the end of 

year season rank (Barlow et al., 2015; Farley et al., 2012a; Mendez-Villanueva et al., 2005). 

Therefore, the novel test described in this study produces discriminatory validity and could 

form part of a specific battery of pool-based tests for surf athletes that can be easily 

implemented in the pool. Finally, significant correlations were identified between the RSPT 

performance measures and the 400m time-trial test (Sheppard et al., 2013) indicating that 

performance in the RPST is probably influenced by aerobic capacity. The ability to maintain a 

high speed over repeated efforts is likely to be related to the individuals’ aerobic capacity. 

While this study did not specifically assess the athletes’ aerobic and anaerobic metabolism 

during these tests, it would be recommended in future research. Understanding the 

physiological responses to the 400m paddle and RSPT would provide a better understanding if 

metabolic responses to such paddling scenarios are different, at this stage it seems that both are 

underpinned by aerobic capacity. However, the RSPT does contribute with additional 

information such as maximal sprint speed, anaerobic performance, repeat sprint ability, rate of 

acceleration and fatigue index, with two different protocols required for competitive and 

recreational surfers. However, further research is warranted to ascertain if the RSPT should be 

added to the surf athletes’ testing protocol and used in conjunction with the 400m paddle test. 
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7.5 Conclusion  

 

In summary, the novel RSPT to measure repeated sprint paddle ability in surfing 

athletes was found to be highly reliable between day-to-day testing sessions. The RSPT was 

shown to discriminate between levels of surfing (competitive trials on 30 s, recreational on 40 

s) and the total time of the test showed a correlation (r=0.89) to the continuous 400m time trial 

test also used for surfing athletes. Furthermore, the low TE and SWC that were found in this 

study, indicate that small adaptations are likely to be accurate changes from training/de-training 

and could form part of a specific surfing battery of tests. 

 

 

7.6 Practical Applications 

 

The study developed and evaluated a novel repeat sprint test that was found to be a 

reliable measure of paddle performance measures (total time, best 15m sprint time, peak 

velocity) and monitor fatigue (average time minus the best 15m time). The test can be easily 

implemented to test surfing athletes to accurately measure sprint paddling performance, with 

only two linear encoders. Although the total time of the RSPT was significantly correlated with 

(r=0.89) the 400m endurance paddle test, the RSPT also seems to provide additional 

information, specifically with regards to maximal sprint performance. The outcomes from this 

study resulted in the establishment of a repeat sprint testing protocol that can form part of a 

specific battery of pool-based tests for recreational, female and competitive surfers. Further, 

the RSPT for surf athletes can also be used as a conditioning training tool due to the nature of 

the test and training for specific surfing locations where repeated sprint paddling is warranted. 

As such, coaches and sport scientists can adopt the RSPT wholly, or modify, as well as expand 

upon its use with future research, such as investigating metabolic responses to the test and 

compare performance between the professional, recreational and male surfers. 
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Chapter 8: Study 4: Tracking 6 Weeks of Training/Surfing Sessions of Adolescent 
Competitive Surfers: Just what are these young surfers up to? 
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Chapter 10: 

Overall Summary and Conclusions 

 

With the growth in professional elite surfing, the sport needs to be understood in greater 

depth to physically prepare these athletes to higher capabilities. However, literature as such is 

profoundly limited. The objectives of this thesis were fivefold and designed to; i) determine 

the reliability and validly of custom-made GPS units; ii) perform an in-depth performance 

analysis determining the workloads (i.e. exercise durations, distances, velocity of movements 

and work to relief ratios) experienced during three different surfing competitions; iii) develop 

and assess the reliability and relevance of an innovative, repeat-sprint paddle test to measure 

surfing athletes’ performance; iv) determine surfing and structured training hours adolescent 

surfers currently perform on a weekly basis and v) examine the effects of two different paddle 

training protocols (sprint interval training and high intensity interval training) on adolescent 

surfers’ aerobic and repeat sprint paddle ability performance.  

 

Study 1 determined the validly and inter-unit reliability of GPS units. Such research 

was important for determining how accurate and reliable the GPS units were before using them 

within the performance analysis (Study 2). It was discovered that the custom-made units had 

better reliability than GPS units utilised in previous studies. Furthermore, it was noted that such 

units are still likely to exhibit an error at high speeds ≥20 km·h-1 and underestimations in total 

distance at slower speeds ≤6 km·h-1. Following the results of Study 1, these units were 

implemented in Study 2 in the examination of three surfing competitions using performance 

analysis methods (TMA and GPS) to determine workloads and differences between surf break 

locations. The principle finding of Study 2 was that point-breaks have longer continuous 

periods of paddling and longer wave rides, whereas a beach-break exhibited significantly 

higher work to relief ratio and total distance covered. Ultimately, the workloads and demands 

experienced during competitive surfing differed between locations and types of surf break. This 

information is important when developing surfing drills and conditioning methods to prepare 

these athletes for the disparate demands, such as training for a point-break competition 

involving longer durations of continuous paddling and short high intensity workloads for a 

beach-break. Additionally, the results from Study 2 aided in the development of an appropriate 

and valid repeat sprint paddle test (RSPT) that reflected the repeated demands of surfing and 

to test this ability in surfers (Study 3). 
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The third study developed and evaluated an innovative repeat sprint paddle test (RSPT) 

which mimicked the time surfers perform a maximal bout and rest between bouts. Such 

research was implemented to determine if the RSPT provided additional discriminatory 

information beyond existing tests. The study found the test to be highly reliable in measuring 

paddle performance measures (total time, best 15m sprint time, peak velocity), fatigue (average 

time minus best 15m time) and discriminated between levels of surfing. Low typical error and 

smallest worthwhile change found in this study allow accurate indication of adaptations due to 

training/de-training. The RSPT contributed additional information such as maximal sprint 

speed, anaerobic performance, repeat sprint ability, rate of acceleration and fatigue index, with 

two different protocols required for competitive and recreational surfers. Additionally, the test 

can also serve as a conditioning tool for surfers. However, further research is warranted to 

provide a better understanding if metabolic responses to the paddling scenarios (i.e. RSPT, 

400m) are different.  

 

Limited knowledge exists around structured training hours performed by adolescent 

surfers, therefore the pilot study (study 4) questioned eight adolescent surfers twice a week for 

six weeks, reporting on surfing hours and physical training hours. Specifically, participants 

provided the number of hours spent free surfing, being coached, competing, strength training, 

conditioning and performing balance work. It was discovered that adolescent surfers were 

implementing on average, 14 hours extra surfing than any form of land-based training, with 

approximately only 1 hour per week doing any form of strength work. Some athletes did not 

do any form of structured training, therefore, the implementation of structured training methods 

such as paddle training are warranted, especially given the importance of it within surfing. 

 

Following the conclusions of Study 4, an attempt to increase the amount of structured 

training was implemented. Training for improved paddling enhancement is warranted and the 

results of Study 2 aided in establishing training loads of the paddle training programmes with 

the RSPT from Study 3 implemented in performance measure testing (Study 5). The fifth study 

determined the implications of structured training on the paddling abilities of adolescent 

surfers. The two different surfboard paddle modules consisted of either 10 s bursts with 30 s 

rest (Sprint interval training (SIT)) or 30 s bursts with 30 s rest (high intensity interval training 

(HIT)) implemented twice a week for five weeks in an ocean inlet. Surfing athletes significantly 

decreased their 400m endurance paddle time during HIT and decreased the total RSPT time 
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during SIT. Such results indicate that the tests can possibly discriminate between aerobic and 

anaerobic training adaptations, with aerobic gains likely from HIT and anaerobic gains from 

SIT. The training modules were practical to implement and demonstrated improvements in 

surfing athletes’ endurance paddle ability and anaerobic repeat sprint paddle ability, which are 

key aspects of the sport. 

 

Overall, this thesis established greater in-depth information on competitive surfing, an 

innovative and reliable test to assess repeat sprint ability and two training methods that 

produced beneficial sprint and endurance paddle improvements. With an ever-increasing rise 

in professionalism in surfing, such findings support implementing the testing and training 

protocols in a performance curriculum to measure and improve upon the physical abilities of 

surfers. From a training perspective, surfers expecting to surf at a point-break could work on 

longer durations of continuous paddling involving HIT. Whereas for a beach-break scenario 

and small surf conditions, surfers could emphasis training, involving short high intensity 

workloads (i.e. SIT) and repeated long sprint paddling for waves. It is recommended that future 

studies investigate speeds, acceleration and forces generated when performing airs through 

synchronised performance analysis methods. Investigate metabolic measures during the pool 

tests (i.e. RSPT, 400m and 15m sprint) and paddle training, as well as the implications of 

longitudinal training with HIT and SIT methods and with older elite athletes. 

 

  

123 
 



References  

 

Abbiss, C. R., & Laursen, P. B. (2005). Models to explain fatigue during prolonged endurance 
cycling. Sports Medicine, 35(10), 865-898.  

Abbiss, C. R., Peiffer, J. J., Meeusen, R., & Skorski, S. (2015). Role of ratings of perceived 
exertion during self-paced exercise: What are we actually measuring? Sports Medicine, 
45(9), 1235-1243.  

Abdelkrim, N. B., El Fazaa, S., & El Ati, J. (2007). Time–motion analysis and physiological 
data of elite under-19-year-old basketball players during competition. British Journal 
of Sports Medicine, 41(2), 69-75.  

Achten, J., & Jeukendrup, A. E. (2003). Heart rate monitoring. Applications and limitations. 
Sports Medicine, 33(7), 517-538.  

Ainsworth, B. E., Serfass, R. C., & Leon, A. S. (1993). Effects of recovery duration and blood 
lactate level on power output during cycling. Canadian Journal of Applied Physiology, 
18(1), 19-30.  

Akenhead, R., French, D., Thompson, K. G., & Hayes, P. R. (2013). The acceleration 
dependent validity and reliability of 10Hz GPS. Journal of Science and Medicine in 
Sport, 17(5), 562-566.  

Akis, T., & Orcan, Y. (2004). Experimental and analytical investigation of the mechanics of 
crawl stroke swimming. Mechanics Research Communications, 31(2), 243-261.  

Ali, A., & Farrally, M. (1991). Recording soccer players’ heart rates during in human matches. 
Journal of Sports Science, 9(2), 183-189.  

Altenburg, T. M., Degens, H., van Mechelen, W., Sargeant, A. J., & de Haan, A. (2007). 
Recruitment of single muscle fibers during submaximal cycling exercise. Journal of 
Applied Physiology, 103(5), 1752-1756.  

Amaro, N., Marinho, D. A., Batalha, N., Marques, M. C., & Morouço, P. (2014). Reliability of 
tethered swimming evaluation in age group swimmers. Journal of Human Kinetics, 
41(1), 155-162.  

Aslan, A., Acikada, C., Güvenç, A., Gören, H., Hazir, T., & Özkara, A. (2012). Metabolic 
demands of match performance in young soccer players. Journal of Sports Science & 
Medicine, 11(1), 170.  

ASP. (2013). Association of Surfing Professionals Rule Book 2013. Coolangatta, QLD, 
Australia: Association of Surfing Professionals LLC. 

Astorino, T. A., Rietschel, J. C., Tam, P. A., Taylor, K., Johnson, S. M., Freedman, T. P., & 
Sakarya, C. E. (2004). Reinvestigation of optimal duration of VO2max testing. J Exerc 
Physiol Online, 7, 1-8.  

Atkins, S. J. (2004). Normalizing expressions of strength in elite rugby league players. The 
Journal of Strength & Conditioning Research, 18(1), 53-58.  

Aughey, R. J. (2011). Applications of GPS technologies to field sports. International Journal 
of Sport Physiology and Performance, 6(3), 295-310.  

Aughey, R. J., & Fallon, C. (2010). Real-time versus post-game GPS data in team sports. 
Journal of Science and Medicine in Sport, 13(3), 348-349.  

Bangsbo, J. (1994). The physiology of soccer: with special reference to intense intermittent 
exercise. Acta Physiologica Scandinavica, 15(619), 1-156.  

Bangsbo, J., Madsen, K., Kiens, B., & Richter, E. A. (1996). Effect of muscle acidity on muscle 
metabolism and fatigue during intense exercise in man. Journal of Physiology, 495 (2), 
587-596.  

Bangsbo, J., Norregaard, L., & Thorsoe, F. (1991). Activity profile of competition soccer. 
Canadian Journal of Sport Science, 16(2), 110-116.  

124 
 



Baquet, G., Berthoin, S., Gerbeaux, M., & Van Praagh, E. (2001). High-intensity aerobic 
training during a 10 week one-hour physical education cycle: effects on physical fitness 
of adolescents aged 11 to 16. International Journal of Sports Medicine, 22(4), 295-300.  

Bar-Or, O. (1987). The Wingate anaerobic test an update on methodology, reliability and 
validity. Sports Medicine, 4(6), 381-394.  

Barlow, M. J., Findlay, M., Gresty, K., & Cooke, C. (2014). Anthropometric variables and their 
relationship to performance and ability in male surfers. European journal of sport 
science, 14(sup1), S171-S177.  

Barlow, M. J., Gresty, K., Findlay, M., & Cooke, C. (2015). Associations of power at V̇O2peak 
and anaerobic threshold with rank in British high performance junior surfers. Human 
Movement Science, 16(1), 28-32.  

Barlow, M. J., Gresty, K., Findlay, M., Cooke, C. B., & Davidson, M. A. (2014). The effect of 
wave conditions and surfer ability on performance and the physiological response of 
recreational surfers. Journal of Strength and Conditioning Research, 28(10), 2946-
2953.  

Barnett, C., Carey, M., Proietto, J., Cerin, E., Febbraio, M. A., & Jenkins, D. (2004). Muscle 
metabolism during sprint exercise in man: influence of sprint training. Journal of 
Science and Medicine in Sport, 7(3), 314-322.  

Bentley, D. J., & McNaughton, L. R. (2003). Comparison of W peak, VO 2 peak and the 
ventilation threshold from two different incremental exercise tests: Relationship to 
endurance performance. Journal of Science and Medicine in Sport, 6(4), 422-435.  

Billat, L. V. (2001). Interval training for performance: a scientific and empirical practice: 
special recommendations for middle- and long-distance running. Part I: aerobic interval 
training. Sports Medicine, 31(1), 13-31.  

Bishop, D., Jenkins, D. G., & Mackinnon, L. T. (1998). The effect of stage duration on the 
calculation of peak VO 2 during cycle ergometry. Journal of Science and Medicine in 
Sport, 1(3), 171-178.  

Bishop, D., Spencer, M., Duffield, R., & Lawrence, S. (2001). The validity of a repeated sprint 
ability test. Journal of Science and Medicine in Sport, 4 (1), 19-29.  

Bloomfield, J., Polman, R., & O'Donoghue, P. (2007). Reliability of the bloomfield movement 
classification. International Journal of Performance Analysis in Sport, 7(1), 20-27.  

Bogdanis, G. C., Nevill, M. E., Boobis, L. H., & Lakomy, H. (1996a). Contribution of 
phosphocreatine and aerobic metabolism to energy supply during repeated sprint 
exercise. Journal of Applied Physiology, 80(3), 876-884.  

Bogdanis, G. C., Nevill, M. E., Boobis, L. H., & Lakomy, H. K. A. (1996b). Contribution of 
phosphocreatine and aerobic metabolism to energy supply during repeated sprint 
exercise. Journal of Applied Physiology, 80(3), 876-884.  

Borg, G. (1970). Perceived exertion as an indicator of somatic stress. Scandinavian Journal of 
Rehabilitation Medicine, 2, 92-98.  

Borresen, J., & Lambert, M. I. (2008). Quantifying training load: a comparison of subjective 
and objective methods. International Journal of Sports Physiology and Performance, 
3(1), 16.  

Borresen, J., & Lambert, M. I. (2009). The quantification of training load, the training response 
and the effect on performance. Sports Medicine, 39(9), 779-795.  

Brooks, G. A. (2001). Lactate doesn’t necessarily cause fatigue: why are we surprised? Journal 
of Physiology, 536(1) 

Brooks, S., Nevill, M., Meleagros, L., Lakomy, H., Hall, G., Bloom, S., & Williams, C. (1990). 
The hormonal responses to repetitive brief maximal exercise in humans. European 
journal of applied physiology and occupational physiology, 60(2), 144-148.  

125 
 



Buchheit, M., & Laursen, P. B. (2013a). High-intensity interval training, solutions to the 
programming puzzle. Part I: Cardiopulmonary emphasis. Sports Medicine, 43(5), 313-
338.  

Buchheit, M., & Laursen, P. B. (2013b). High-intensity interval training, solutions to the 
programming puzzle. Part II: Anaerobicenergy, neuromuscular load and practical 
applications. Sports Medicine, 43(7), 927-954.  

Buchheit, M., Millet, G. P., Parisy, A., Pourchez, S., Laursen, P. B., & Ahmaidi, S. (2008). 
Supramaximal training and postexercise parasympathetic reactivation in adolescents. 
Medicine & Science in Sports & Exercise, 2(40), 362-371.  

Burgomaster, K. A., Cermak, N. M., Phillips, S. M., Benton, C. R., Bonen, A., & Gibala, M. J. 
(2007). Divergent response of metabolite transport proteins in human skeletal muscle 
after sprint interval training and detraining. American Journal of Physiology-
Regulatory, Integrative and Comparative Physiology, 292(5), 1970-1976.  

Burgomaster, K. A., Heigenhauser, G. J. F., & Gibala, M. J. (2006). Effect of short-term sprint 
interval training on human skeletal muscle carbohydrate metabolism during exercise 
and time-trial performance. Journal of Applied Physiology, 100(6), 2041-2047.  

Burgomaster, K. A., Howarth, K. R., Phillips, S. M., Rakobowchuk, M., Macdonald, M. J., 
McGee, S. L., & Gibala, M. J. (2008). Similar metabolic adaptations during exercise 
after low volume sprint interval and traditional endurance training in humans. The 
Journal of Physiology, 586(1), 151-160.  

Burgomaster, K. A., Hughes, S. C., Heigenhauser, G. J. F., Bradwell, S. N., & Gibala, M. J. 
(2005). Six sessions of sprint interval training increases muscle oxidative potential and 
cycle endurance capacity in humans. Journal of Applied Physiology, 98(6), 1985-1990.  

Burt, L. A., Naughton, G. A., Higham, D. G., & Landeo, R. (2008). Training load in pre-
pubertal female artistic gymnastics. Science of Gymnastics Journal, 2(3), 5-14.  

Cabello-Manrique, D., & Gonzalez-Badillo, J. J. (2003). Analysis of the characteristics of 
competitive badminton. British Journal of Sports Medicine, 37(1), 62-66.  

Carling, C., Bloomfield, J., Nelsen, L., & Reilly, T. (2005). The role of motionanalysis in elite 
soccer: Contemporary performance measurement techniques and work rate data. Sports 
Medicine, 38(10), 839-862.  

Castellano, J., Casamichana, D., Calleja-González, J., San Román, J., & Ostojic, S. M. (2011). 
Reliability and accuracy of 10 Hz GPS devices for short-distance exercise. Journal of 
Sports Science & Medicine, 10(1), 233.  

Chi, M. M., Hintz, C. S., Coyle, E. F., Martin, W. H., Ivy, J. L., Nemeth, P. M., . . . Lowry, O. 
H. (1983). Effects of detraining on enzymes of energy metabolism in individual human 
muscle fibers. American Journal of Physiology-Cell Physiology, 244(3), 276-287.  

Chia, M. (2000). Assessing young people's exercise using anaerobic performance tests. 
European Journal of Physical Education, 5(2), 231-258.  

Chia, M. (2005). Allometrically adjusted isokinetic leg extension torque of adults in relation to 
body mass. Biology of Sport, 22(2), 163-170.  

Costill, D. L., Kovaleski, D., Porter, D., Kirwan, J., Fielding, R., & King, D. (1985). Energy 
expenditure during front crawl swimming: predicting success in middle distance events. 
International Journal of Sports Medicine, 6(5), 266-270.  

Costill, D. L., Maglischo, E. W., & Richardson, A. B. (1992). Swimming – Handbook of Sports 
Medicine and Science. Oxford: Blackwell Science Publications. 

Coutts, A. J., & Duffield, R. (2010). Validity and reliability of GPS devices for measuring 
movement demands of team sports. Journal of Science and Medicine in Sport, 13(1), 
133-135.  

Coutts, A. J., Gomes, R. V., Viveiros, L., & Aoki, M. S. (2010). Monitoring training loads in 
elite tennis. Rev Bras Cineantropom Desempenho Hum, 12(3), 217-220.  

126 
 



Coyle, E. F. (2005). Very intense exercise-training is extremely potent and time efficient: A 
reminder. Journal of Applied Physiology, 98(6), 1983-1984.  

Coyle, E. F., & Montain, S. J. (1992). Carbohydrate and fluid ingestion during exercise? Are 
there trade-offs? Medicine & Science in Sports & Exercise, 24(6), 671-678.  

Coyne, J., Tran, T., T, Secomb, J., L, Lundgren, L., Farley, O., R L, Newton, R., U, & 
Sheppard, J., M. (2016 (In Press)). Maximal Strength Training Improves Surfboard 
Sprint & Endurance Paddling Performance in Competitive & Recreational Surfers. 
Journal of Strength & Conditioning Research, doi: 10.1519/JSC.0000000000001483  

Coyne, J. O. C., Tran, T. T., Secomb, J. L., Lundgren, L., Farley, O. R. L., Newton, R. U., & 
Sheppard, J. M. (2015). Reliability of Pull Up and Dip Maximal Strength Tests. Journal 
of Australian Strength and Conditioning, 23(4), 21-27.  

Cresswell, S., & Eklund, R. (2006). Changes in athlete burnout over a thirty-week “rugby 
year”. Journal of Science and Medicine in Sport, 9(1), 125-134.  

Cresswell, S. L., & Eklund, R. C. (2004). The athlete burnout syndrome: Possible early signs. 
Journal of Science and Medicine in Sport, 7(4), 481-487.  

Crewther, B. T., Gill, N., Weatherby, R. P., & Lowe, T. (2009). A comparison of ratio and 
allometric scaling methods for normalizing power and strength in elite rugby union 
players. Journal of sports sciences, 27(14), 1575-1580.  

Cummins, C., Orr, R., O’Connor, H., & West, C. (2013). Global positioning systems (GPS) 
and microtechnology sensors in team sports: a systematic review. Sports Medicine, 
43(10), 1025-1042.  

Cunniffe, B., Proctor, W., & Baker, J. S. (2009). An evaluation of the physiological demands 
of elite rugby union using global positioning system tracking software. Journal of 
Strength and Conditioning Research, 23(4), 1195-1203.  

Da Silva, J. F., Guglielmo, L. G. A., Carminatti, L. J., De Oliveira, F. R., Dittrich, N., & Paton, 
C. D. (2011). Validity and reliability of a new field test (Carminatti’s test) for soccer 
players compared with laboratory-based measures. Journal of Sports Sciences, 29(15), 
1621-1628.  

Dally, W. R. (2001). Improved stochastic models for surfing climate. Journal of Coastal 
Research, 41-50.  

Daniels, J., & Scardina, N. (1984). Interval training and performance. Sports Medicine, 1(4), 
327-334.  

Dawson, B., Hopkinson, R., Appleby, B., Stewart, G., & Roberts, C. (2004). Comparison of 
training activities and game demands in the Australian football League. Journal of 
Science and Medicine in Sport, 7(3), 292-301.  

Deutsch, M. U., Maw, G. J., Jenkins, D., & Reaburn, P. (1998). Heart rate, blood lactate and 
kinematic data of elite colts (under-19) rugby union players during competition. 
Journal of Sports Sciences, 16(6), 561-570.  

Dobson, B. P., & Keogh, J. W. L. (2007). Methodological issues for the application of time-
motion analysis research. Strength and Conditioning Journal, 29(2), 48-55.  

Docherty, D., Wenger, H. A., & Neary, P. (1988). Time-motion analysis related to the 
physiological demands of rugby. Journal of Human Movement Studies, 14(6), 269-277.  

Driss, T., & Vandewalle, H. (2013). The measurement of maximal (anaerobic) power output 
on a cycle ergometer: a critical review. BioMed research international, 2013 

Dudley, G. A., Abraham, W. M., & Terjung, R. L. (1982). Influence of exercise intensity and 
duration on biochemical adaptations in skeletal muscle. Journal of Applied Physiology, 
53(4), 844-850.  

Duthie, G. M., Pyne, D., & Hooper, S. (2005). Time motion analysis of 2001 and 2002 Super 
12 rugby. Journal of Sport Sciences, 23(5), 523-530.  

127 
 



Duthie, G. M., Pyne, D., & Hooper, S. T. (2003). The reliability of video based time motion 
analysis. Journal of Human Movement Studies, 44(3), 259-272.  

Edgecomb, S. J., & Norton, K. I. (2006). Comparison of global positioning and computer-based 
tracking systems for measuring player movement distance during Australian football. 
Journal of Science and Medicine in Sport, 9(1), 25-32.  

Egermann, M., Brocai, D., Lill, C., & Schmitt, H. (2003). Analysis of injuries in long-distance 
triathletes. International Journal of Sports Medicine, 24(4), 271-276.  

Eurich, A. D., Brown, L. E., Coburn, J. W., Noffal, G. J., Nguyen, D., Khamoui, A. V., & 
Uribe, B. P. (2010). Performance differences between sexes in the pop-up phase of 
surfing. Journal of Strength and Conditioning Research, 24(10), 2821-2825.  

Evans, H. J. L., Ferrar, K. E., Smith, A. E., Parfitt, G., & Eston, R. G. (2014). A systematic 
review of methods to predict maximal oxygen uptake from submaximal, open circuit 
spirometry in healthy adults. Journal of Science and Medicine in Sport, 18(2), 183-188.  

Everline, C. (2007). Shortboard performance surfing: A qualitative assessment of maneuvers 
and a sample periodized strength and conditioning program in and out of the water. 
Strength and Conditioning Journal, 29(3), 32-40.  

Farley, O. R. L. (2011). Competitive Surfing: A Physiological Profile of Athletes and 
Determinants of Performance. Masters of Sport and Exercise Auckland University of 
Technology, Auckland. 

Farley, O. R. L., Andrews, M., Secomb, J. L., Tran, T. T., Lundgren, L., Abbiss, C., & 
Sheppard, J. M. (2014). The validity and inter-unit reliability of custom-made Surtrax 
GPS units and use during surfing. Journal of Australian Strength and Conditioning, 
22(5), 102-105.  

Farley, O. R. L., Coyne, J., Secomb, J. L., Lundgren, L., Abbiss, C., Tran, T. T., & Sheppard, 
J. M. (2013). Comparison of the 400 meter timed endurance surf paddle between elite 
competitive surfers, competitive surfers and recreational surfers. Journal of Australian 
Strength and Conditioning, 21(2), 125-127.  

Farley, O. R. L., Harris, N. K., & Kilding, A. E. (2012a). Anaerobic and aerobic fitness 
profiling of competitive surfers. Journal of Strength and Conditioning Research, 8(26), 
2243–2248. doi: 10.1519/JSC.0b013e31823a3c81  

Farley, O. R. L., Harris, N. K., & Kilding, A. E. (2012b). Physiological demands of competitive 
surfing. Journal of Strength and Conditioning Research, 26(7), 1887–1896. doi: 
10.1519/JSC.0b013e3182392c4b  

Farley, O. R. L., Raymond, E., Secomb, J. L., Ferrier, B., Lundgren, L., Tran, T. T., . . . 
Sheppard, J. M. (2015). Scoring analysis of the men’s 2013 World Championship Tour 
of surfing. International Journal of Aquatic Research and Education, 9(1), 38–48.  

Farley, O. R. L., Secomb, J. L., Parsonage, J., Lundgren, L., Abbiss, C., & Sheppard, J. M. 
(2015). Tracking 6 weeks of training/surfing sessions of adolescent competitive surfers: 
Just what are these young surfers up to? Journal of Australian Strength and 
Conditioning, 23(6), 98-100.  

Faude, O., Meyer, T., Scharhag, J., Weins, F., Urhausen, A., & Kindermann, W. (2008). 
Volume vs. intensity in the training of competitive swimmers. International Journal of 
Sports Medicine, 29(11), 906-912.  

Fernandez-Fernandez, J., Zimek, R., Wiewelhove, T., & Ferrauti, A. (2012). High-intensity 
interval training vs. repeated-sprint training in tennis. Journal of Strength and 
Conditioning Research, 26(1), 53-62.  

Fitzsimons, M., Dawson, B., Ward, D., & Wilkinson, A. (1993). Cycling and running tests of 
repeated sprint ability. Australian Journal of Science and Medicine in Sport, 25, 82-82.  

Foster, C., Daines, E., Hector, L., Snyder, A. C., & Welsh, R. (1996). Athletic performance in 
relation to training load. Wisconsin Medical Journal, 95(6), 370-374.  

128 
 



Foster, C., Hector, L., Welsh, R., Schräger, M., Green, M., & Snyder, A. (1995). Effects of 
specific versus cross-training on running performance. European Journal of Applied 
Physiology and Occupational Physiology, 70(4), 367-372.  

Gaitanos, G. C., Williams, C., Boobis, L. H., & Brooks, S. (1993). Human muscle metabolism 
during intermittent maximal exercise. Journal of Applied Physiology, 75(2), 712-719.  

Gastin, P. B. (2001). Energy system interaction and relative contribution during maximal 
exercise. Sports medicine, 31(10), 725-741.  

Gibala, M. J. (2009). Molecular responses to high-intensity interval exercise. Applied 
Physiology, Nutrition, and Metabolism, 34(3), 428-432.  

Gibala, M. J., Little, J. P., van Essen, M., Wilkin, G. P., Burgomaster, K. A., Safdar, A., . . . 
Tarnopolsky, M. A. (2006). Short-term sprint interval versus traditional endurance 
training: similar initial adaptations in human skeletal muscle and exercise performance. 
The Journal of Physiology, 575(3), 901-911.  

Gibala, M. J., & McGee, S. (2008). Metabolic adaptations to shortterm high-intensity interval 
training: a little pain for a lot of gain? Exercise and Sport Sciences Reviews, 36(2), 58-
63.  

Gilman, M. B. (1996). The use of heart rate to monitor the intensity of endurance training. 
Sports Medicine, 21(2), 73-79.  

Gollnick, P. D., Piehl, K., & Saltin, B. (1974). Selective glycogen depletion pattern in human 
muscle fibres after exercise of varying intensity and at varying pedalling rates. The 
Journal of Physiology, 241(1), 45-57.  

Goodie, J. L., Larkin, K. T., & Schauss, S. (2000). Validation of the Polar heart rate monitor 
for assessing heart rate during physical and mental stress. Journal of Psychophysiology, 
14(3), 159-164.  

Gray, A. J., Jenkins, D. G., Andrews, M. H., Taaffe, D. R., & Glover, M. L. (2010). Validity 
and reliability of GPS for measuring distance travelled in field-based team sports. 
Journal of Sports Sciences, 28(12), 1319-1325.  

Gray, M. A. J., & Jenkins, D. G. (2010). Match analysis and the physiological demands of 
Australian football. Sports Medicine, 40(4), 347-360.  

Green, H. J. (1997). Mechanisms of muscle fatigue in intense exercise. Journal of Sports 
Science, 15(3), 247-256.  

Guilherme, L., Guglielmo, A., & Denadai, B. S. (2000). Assessment of anaerobic power of 
swimmers: the correlation of laboratory tests on an arm ergometer with field tests in a 
swimming pool. Journal of Strength and Conditioning Research, 14(4), 395-398.  

Haff, G. G., & Triplett, N. T. (2015). Essentials of Strength Training and Conditioning 4th 
Edition: Human kinetics. 

Halson, S. L. (2014). Monitoring training load to understand fatigue in athletes. Sports 
Medicine, 44(2), 139-147.  

Harmer, A. R., McKenna, M. J., Sutton, J. R., Snow, R. J., Ruell, P. A., Booth, J., . . . Crameri, 
R. M. (2000). Skeletal muscle metabolic and ionic adaptations during intense exercise 
following sprint training in humans. Journal of Applied Physiology, 89(5), 1793-1803.  

Hartwig, T. B., Naughton, G., & Searl, J. (2011). Motion analyses of adolescent rugby union 
players: a comparison of training and game demands. Journal of Strength and 
Conditioning Research, 25(4), 966-972.  

Harvey, B. (2009). Introduction: Painting the edges Creating Waves: How surfing inspires our 
most creative New Zealanders (pp. 10-20). Auckland: Harper Collins Publishers.  

Hawley, J. A., & Williams, M. M. (1991). Relationship between upper body anaerobic power 
and freestyle swimming performance. Internation Journal of Sports Medicine, 12(1), 
1-5.  

129 
 



Hazell, T. J., MacPherson, R. E. K., Gravelle, B. M. R., & Lemon, P. W. R. (2010). 10 or 30-
s sprint interval training bouts enhance both aerobic and anaerobic performance. 
European Journal of Applied Physiology, 110(1), 153-160.  

Heyward, V. H. (2006). Advanced fitness assessment and exercise prescription (Vol. 5): 
Human kinetics Champaign, IL. 

Hickson, R. C., Bomze, H. A., & Holloszy, J. O. (1977). Linear increase in aerobic power 
induced by a strenuous program of endurance exercise. Journal of Applied Physiology, 
42(3), 372-376.  

Hood, R. (2007). The relationship between predicted swimming velocities at maximal heart 
rate and 400m freestyle performance in experienced competitive swimmers: ProQuest. 

Hopker, J., Myers, S., Jobson, S. A., Bruce, W., & Passfield, L. (2010). Validity and reliability 
of the Wattbike cycle ergometer. International Journal of Sports Medicine, 31(10), 731.  

Hopkins, W. G. (2000). Measures of reliability in sports medicine and science. Sports 
Medicine, 30(1), 1–15.  

Hopkins, W. G. (2004). How to interpret changes in an athletic performance test. Sportscience, 
8, 1-7.  

Hopkins, W. G. (2008). A new view of statistics: Typical error of measurement. Sport Science, 
Retrieved from www.sportsci.org 

Hopkins, W. G. (2011). Precision of measurement. In: A New View of Statistics. Retrieved 
from newstats.org/precision.html 

Hughes, M. D. (2004). Performance analysis – a 2004 perspective. International Journal of 
Performance Analysis in Sport, 4(1), 103-109.  

Iaia, M. F., Rampinini, E., & Bangsbo, J. (2009). High-intensity training in football. 
International Journal of Sports Physiology and Performance, 4(3), 291-306.  

Impellizzeri, F. M., Rampinini, E., Coutts, A. J., Sassi, A., & Marcora, S. M. (2004). Use of 
RPE-based training load in soccer. Medicine & Science in Sports & Exercise, 36(6), 
1042-1047.  

Impellizzeri, F. M., Rampinini, E., & Marcora, S. M. (2005). Physiological assessment of 
aerobic training in soccer. Journal of Sports Sciences, 23(6), 583-592.  

Jacobs, I., Esbjörnsson, M., Sylven, C., Holm, I., & Jansson, E. (1987). Sprint training effects 
on muscle myoglobin, enzymes, fiber types, and blood lactate. Medicine and Science 
in Sports and Exercise, 19(4), 368-374.  

James, N., Taylor, J., & Stanley, S. (2007). Reliability procedures for categorical data in 
performance analysis. International Journal of Performance Analysis in Sport, 7(1), 1-
11.  

Jansson, E., & Kaijser, L. (1977). Muscle adaptation to extreme endurance training in man. 
Acta Physiologica Scandinavica, 100(3), 315-324.  

Jaric, S., Mirkov, D., & Markovic, G. (2005). Normalizing physical performance tests for body 
size: A proposal for standardization. Journal of Strength & Conditioning Research, 
19(2), 467-474.  

Jennings, D., Cormack, S. J., Coutts, A. J., & Aughey, R. J. (2012). GPS analysis of an 
international field hockey tournament. International Journal of Sports Physiolgy and 
Performance, 7(2), 224-231.  

Johnson, R. E., Sharp, R. L., & Hedrick, C. E. (1993). Relatlonship of swimming power and 
dryland power to sprint freestyle performance: A multiple regression approach. Journal 
of Swimming Research, 9(1), 10-14.  

Johnston, R. D., & Gabbett, T. J. (2011). Repeated-sprint and effort ability in rugby league 
players. Journal of Strength & Conditioning Research, 25(10), 2789-2795.  

130 
 

http://www.sportsci.org/


Johnston, R. J., Watsford, M. L., Kelly, S. J., Pine, M. J., & Spurrs, R. W. (2014). Validity and 
interunit reliability of 10 Hz and 15 Hz GPS units for assessing athlete movement 
demands. Journal of Strength and Conditioning Research, 28(6), 1649-1655.  

Johnston, R. J., Watsford, M. L., Pine, M. J., Spurrs, R. W., Murphy, A. J., & Pruyn, E. C. 
(2012). The validity and reliability of 5-Hz global positioning system units to measure 
team sport movement demands. Journal of Strength and Conditioning Research, 26(3), 
758-765.  

Johnston, T., Sproule, J., McMorris, T., & Maile, A. (2004). Time-motion analysis and heart 
rate response during elite male field hockey: competition versus training. Journal of 
Human Movement Studies, 46(3), 189-203.  

Jones, A. M., & Carter, H. (2000). The effect of endurance training on parameters of aerobic 
fitness. Sports medicine, 29(6), 373-386.  

Jorgić, B., Puletić, M., Okičić, T., & Meškovska, N. (2011). Importance of maximal oxygen 
consumption during swimming. Physical Education and Sport, 9(2), 183-191.  

Juel, C. (1998). Muscle pH regulation: role of training. Acta Physiologica Scandinavica, 
162(3), 359-366.  

Kaminsky, L. A., & Medicine, A. C. o. S. (2006). ACSM's resource manual for guidelines for 
exercise testing and prescription: Lippincott Williams & Wilkins. 

Kampion, D. (2003). Stoked: A History of Surf Culture. Los Angeles, CA: Gibbs Smith. 
Karp, J. R. (2001). Muscle Fiber Types and Training. Strength & Conditioning Journal, 23(5), 

21.  
Kimura, Y., Yeater, R. A., & Martin, R. B. (1990). Simulated swimming: a useful tool for 

evaluation the VO2 max of swimmers in the laboratory. British Journal of Sports 
Medicine, 24(3), 201-206.  

King, T., Jenkins, D., & Gabbett, T. (2009a). A time–motion analysis of professional rugby 
league match-play. Journal of Sports Sciences, 27(3), 213–219.  

King, T., Jenkins, D., & Gabbett, T. (2009b). A time–motion analysis of professional rugby 
league match-play. Journal of sports sciences, 27(3), 213-219.  

Kovacs, M. S. (2004). Energy system-specific training for tennis. Strength and Conditioning 
Journal, 26(5), 10-13.  

Krustrup, P., Hellsten, Y., & Bangsbo, J. (2004). Intense interval training enhances human 
skeletal muscle oxygen uptake in the initial phase of dynamic exercise at high but not 
at low intensities. The Journal of Physiology, 559(1), 335-345.  

Krustrup, P., Mohr, M., & Bangsbo, J. (2002). Activity profile and physiological demands of 
top-class soccer refereeing in relation to training status. Journal of Sports Science, 
20(11), 861-871.  

Larsson, P. (2003). Global positioning system and sport-specific testing. Sports Medicine, 
33(15), 1093-1101.  

Laukkanen, J. A., Lakka, T. A., Rauramaa, R., Kuhanen, R., Venäläinen, J. M., Salonen, R., & 
Salonen, J. T. (2001). Cardiovascular fitness as a predictor of mortality in men. 
Archives of Internal Medicine, 161(6), 825-831.  

Laukkanen, R. M. T., & Virtanen, P. K. (1998). Heart rate monitors: state of the art. Journal of 
Sports Sciences, 16(1), 3-7.  

Laursen, P. B., Blanchard, M. A., & Jenkins, D. G. (2002). Acute high-intensity interval 
training improves Tvent and peak power output in highly trained males. Canadian 
Journal of Applied Physiology, 27(4), 336-348.  

Laursen, P. B., & Jenkins, D. G. (2002). The scientific basis for high-intensity interval training: 
optimising training programmes and maximising performance in highly trained 
endurance athletes. Sports Medicine, 32(1), 52-73.  

131 
 



Laursen, P. B., & Rhodes, E. C. (2001). Factors affecting performance in an ultraendurance 
triathlon. Sports Medicine, 31(3), 195-209.  

Lee, A., Garraway, W., & Arneil, D. (2001). Influence of preseason training, fitness, and 
existing injury on subsequent rugby injury. British Journal of Sports Medicine, 35(6), 
412-417.  

Leger, L. A., Seliger, V., & Brassard, L. (1980). Backward extrapolation of VO2 max values 
from the 02 recovery curve. Medicine and Science in Sports and Exercise, 12(1), 24-
27.  

Linossier, M.-T., Denis, C., Dormois, D., Geyssant, A., & Lacour, J. R. (1993). Ergometric and 
metabolic adaptation to a 5-s sprint training programme. European Journal of Applied 
Physiology and occupational Physiology, 67(5), 408-414.  

Londeree, B. R. (1997). Effect of training on lactate/ventilatory thresholds: a meta-analysis. 
Medicine and Science in Sports and Exercise, 29(6), 837-843.  

Loveless, D., & Minahan, C. (2010a). Peak aerobic power and paddling efficiency 
inrecreational and competitive junior male surfers'. European Journal of Sport Science, 
10(6), 407-415.  

Loveless, D., & Minahan, C. (2010b). Two reliable protocols for assessing maximal-paddling 
performance in surfboard riders. Journal of Sports Sciences, 28(7), 797-803. doi: 
10.1080/02640411003770220  

Lovell, T. W. J., Sirotic, A. C., Impellizzeri, F. M., & Coutts, A. J. (2013). Factors affecting 
perception of effort (session rating of perceived exertion) during rugby league training. 
International Journal of Sports Physiology and Performance, 8(1), 62-69.  

Lowdon, B. J. (1983). Fitness requirements for surfing. Sports Coach, 6(4), 35-38.  
Lowdon, B. J., Bedi, J. F., & Horvath, S. M. (1989). Specificity of aerobic fitness testing of 

surfers. Australian Journal of Science and Medicine in Sport, 21(4), 7–10.  
Lowdon, B. J., & Lowdon, M. (1988). Competitive surfing a dedicated approach. Victoria, 

Australia: Movement Publications. 
Lowdon, B. J., Mourad, A., & Warne, P. (1990). Sports message for competitive surfers. Sports 

Health, 9, 25-28.  
Lowdon, B. J., & Pateman, N. (1980). Physiological parameters of international surfers. 

Australian Journal of Sports Medicine, 12(2), 34-39.  
Lowdon, B. J., Pateman, N. A., & Pitman, A. J. (1983). Surfboard-riding injuries. Medical 

Journal of Australia, 2(12), 613-616.  
Lowdon, B. J., Pitman, A. J., Pateman, N. A., & Ross, K. (1987). Injuries to international 

competitive surfboard riders. The Journal of sports Medicine and Physical Fitness, 
27(1), 57.  

Lundgren, L., Butel, M., Brown, T., Nimphius, S., & Sheppard, J. M. (2014). High ankle sprain: 
the new elite surfing injury?: case report. International SportMed Journal, 15(4), 321-
327.  

Lundgren, L., Dunn, M., Nimphius, S., & Sheppard, J. M. (2013). The importance of aerial 
manoeuvers in elite competitive surfing perfomance. Australian Strength and 
Conditioning Association, 21(1), 70-72.  

Lundgren, L., Tran, T. T., Dunn, M., Nimphius, S., & Sheppard, J. M. (2014). Analysis of 
manoeuvres and scoring in competitive surfing. International Journal of Sports Science 
and Coaching, 9(4) 

Lupo, C., Capranica, L., & Tessitore, A. (2014). The validity of session-RPE method for 
quantifying training load in water polo. International Journal of Sports Physiology and 
Performance, 9(4), 656-660.  

132 
 



Lythe, J. (2008). The physical demands of elite men’s field hockey and the effects of differing 
substitution methods on the physical and technical outputs of strikers during match 
play. Auckland, New Zealand: Auckland University of Technology. 

MacDougall, D. J., Hicks, A. L., MacDonald, J. R., McKelvie, R. S., Green, H. J., & Smith, K. 
M. (1998). Muscle performance and enzymatic adaptations to sprint interval training. 
Journal of Applied Physiology, 84(6), 2138-2142.  

Mackenzie, R., & Cushion, C. (2013). Performance analysis in football: A critical review and 
implications for future research. Journal of Sports Sciences, 31(6), 639-676.  

Macleod, H., & Sunderland, C. (2007). Reliability and validity of a global positioning system 
for measuring player movement patterns during field hockey. Medicine and Science in 
Sports and Exercise, 39(5), 209–210.  

Macpherson, R. E., Hazell, T. J., Olver, D. T., Paterson, D. H., & Lemon, P. W. (2011). Run 
sprint interval training improves aerobic performance but not maximal cardiac output. 
Medicine and Science in Sports and Exercise, 43(1), 115-122.  

Maglisho, E. (2003). Swimming Fastest–The essential reference on technique, training, and 
program design. Champaign (Illinios): Human Kinetics, 

Matthew, D., & Delextrat, A. (2009). Heart rate, blood lactate concentration, and time–motion 
analysis of female basketball players during competition. Journal of Sports Sciences, 
27(8), 813–821.  

Mayhew, S. R., & Wenger, H. A. (1985). Time-motion analysis of professional soccer. Journal 
of Human Movement Studies, 11(1), 49-52.  

McCartney, N., Spriet, L. L., Heigenhauser, G. J., Kowalchuk, J. M., Sutton, J. R., & Jones, N. 
L. (1986). Muscle power and metabolism in maximal intermittent exercise. Journal of 
Applied Physiology, 60(4), 1164-1169.  

McInnes, S. E., Carlson, J. S., Jones, C. J., & Mckenna, M. J. (1995). The physiological load 
imposed on basketball players during competition. Journal of Sport Sciences, 13(5), 
387-397.  

McKenna, M. J., Heigenhauser, G. J. F., McKelvie, R. S., Obminski, G., MacDougall, D. J., & 
Jones, N. L. (1997). Enhanced pulmonary and active skeletal muscle gas exchange 
during intense exercise after sprint training in men. The Journal of Physiology, 501(3), 
703-716.  

Meir, R. A., Lowdon, B. J., & Davie, A. J. (1991). Heart rates and estimated energy expenditure 
during recreational surfing. Australian Journal of Science and Medicine in Sport, 23(3), 
70–74.  

Mendez-Villanueva, A., & Bishop, D. (2005). Physiological aspects of surfboard riding 
performance. Sports Medicine, 35(1), 55–70.  

Mendez-Villanueva, A., Bishop, D., & Hamer, P. (2006). Activity profile of world-class 
professional surfers during competition: A case study. Journal of Strength and 
Conditioning Research, 20(3), 477–482.  

Mendez-Villanueva, A., Perez-Landalunce, J., Bishop, D., Fernandez-Garcia, B., Ortolano, R., 
Leibar, X., & Terrados, N. (2005). Upper body fitness comparisons between two groups 
of competitive surfboard riders. Journal of Science and Medicine in Sport, 8(1), 43–51.  

Mercier, B., Granier, P., Mercier, J., Trouquet, J., & Préfaut, C. H. (1993). Anaerobic and 
aerobic components during arm-crank exercise in sprint and middle-distance 
swimmers. European Journal of Applied Physiology and Occupational Physiology, 
66(5), 461-466.  

Midgley, A. W., McNaughton, L. R., & Wilkinson, M. (2006). Is there an optimal training 
intensity for enhancing the maximal oxygen uptake of distance runners? Sports 
Medicine, 36(2), 117-132.  

133 
 



Mohr, M., Krustrup, P., & Bangsbo, J. (2005). Fatigue in soccer: a brief review. Journal of 
Sports Sciences, 23(6), 593-599.  

Montpetit, R. R., Leger, L. A., Lavoie, J. M., & Cazola, G. A. (1981). VO2 peak during free 
swimming using the backward extrapolation of the 02 recovery curve. European 
Journal of Applied Physiology, 47(4), 385-391.  

Morouço, P. G., Marinho, D. A., Keskinen, K. L., Badillo, J. J., & Marques, M. C. (2014). 
Tethered swimming can be used to evaluate force contribution for short-distance 
swimming performance. Journal of Strength and Conditioning Research, 28(11), 3093-
3099.  

Morouço, P. G., Vilas-Boas, J. P., & Fernandes, R. J. (2012). Evaluation of adolescent 
swimmers through a 30-s tethered test. Pediatric Exercise Science, 24(2), 312.  

Morton, D. P., & Gastin, P. B. (1997). Effect of high intensity board training on upper body 
anaerobic capacity and short-lasting exercise performance. Australian Journal of 
Science and Medicine in Sport, 29(1), 17-21.  

Morton, R. H., Fitz-Clarke, J. R., & Banister, E. W. (1990). Modeling human performance in 
running. Journal of Applied Physiology, 69(3), 1171-1177.  

Mujika, I., McFadden, G., Hubbard, M., Royal, K., & Hahn, A. (2006). The water-polo 
intermittent shuttle test: a match-fitness test for water-polo players. International 
Journal of Sports Physiology and Performance, 1(1), 27.  

Nagle, J. A., McMillan, J. L., Munkasy, B. A., Joyner, B. A., Roorda, A., Scott, M. K., & Rossi, 
S. J. (2015). Changes in Swim Performance and Perceived Stress and Recovery in 
Female Collegiate Swimmers Across a Competitive Season. Journal of Swimming 
Research, 23 

Nendel, J. (2009). Surfing in early twentieth-century Hawai'i: The appropriation of a 
transcendent experience to competitive American sport. International Journal of the 
History of Sport, 26(16), 2432-2446.  

Nevill, A. M., Bate, S., & Holder, R. L. (2005). Modeling physiological and anthropometric 
variables known to vary with body size and other confounding variables. American 
Journal of Physical Anthropology, 128(S41), 141-153.  

Newman, M. A., Tarpenning, K. M., & Marino, F. E. (2004). Relationships between isokinetic 
knee strength, single-sprint performance, and repeated-sprint ability in football players. 
Journal of Strength & Conditioning Research, 18(4), 867-872.  

Nilsson, J., Csergo, S., Gullstrand, L., Tveit, P., & Refsnes, P. E. (2002). Work-time, blood 
lactate concentration and rating of perceived exertion in the 1998 Greco-Roman 
wrestling World Championship. Journal of Sports Science, 20(11), 939-945.  

Noakes, T. D. (2000). Physiological models to understand exercise fatigue and the adaptations 
that predict or enhance athletic performance. Scandinavian Journal of Medicine and 
Science in Sports 10(3), 123-145.  

Obert, P., Falgairette, G., M, B., & Coudert, J. (1992). Bioenergetic characteristics of 
swimmers determined during an arm-ergometer test and during swimming. 
International Journal of Sports Medicine, 13(4), 298-303.  

Ogita, F., Hara, M., & Tabata, I. (1996)). Anaerobic capacity and maximal oxygen uptake 
during arm stroke, leg kicking and whole body swimming. Acta Physiologica 
Scandinavica, 157(4), 435-441.  

Olbrecht, J., Madsen, O., Mader, A., Liesen, H., & Hollmann, W. (1985). Relationship between 
swimming velocity and lactic concentration during continuous and intermittent training 
exercises. International Journal of Sports Medicine, 6(2), 74-77.  

Oliver, J. L., Williams, C. A., & Armstrong, N. (2006). Reliability of a field and laboratory test 
of repeated sprint ability. Pediatric Exercise Science, 18(3), 339-350.  

134 
 



Osmond, G. (2011). Myth-making in Australian sport history: Re-evaluating Duke 
Kahanamoku's contribution to surfing. Australian Historical Studies, 42(2), 260-276.  

Pearson, S., Hume, P., Slyfield, D., & Cronin, J. (2007). External work and peak power are 
reliable measures of ergometer grinding performance when tested under load, deck 
heel, and grinding direction conditions. Sports Biomechanics, 6(1), 71-80.  

Peiffer, J. J., Quintana, R., & Parker, D. L. (2005). The influence of graded exercise test 
selection on Pmax and a subsequent single interval bout. Journal of Exercise 
Physiology Online, 8(6), 10-17.  

Petersen, C., Pyne, D., Portus, M., & Dawson, B. (2009). Validity and reliability of GPS units 
to monitor cricket-specific movement patterns International Journal of Sports 
Physiology and Performance, 4(3), 381-393.  

Pierce, S. J., Hahn, A. G., Davie, A., & Lawton, E. W. (1999). Prolonged incremental tests do 
not necessarily compromise V̇O 2max in well-trained athletes. Journal of Science and 
Medicine in Sport, 2(4), 356-363.  

Platanou, T., & Geladas, N. (2006). The influence of game duration and playing position on 
intensity of exercise during match-play in elite water polo players. Journal of Sports 
Sciences, 24(11), 1173-1181.  

Pollard, R. (2002). Charles Reep (1904-2002): pioneer of notational and performance analysis 
in football. Journal of Sport Sciences, 20(10), 853-855.  

Portas, M. D., Harley, J. A., Barnes, C. A., & Rush, C. J. (2010). The validity and reliability of 
1-Hz and 5-Hz global positioning systems for linear, multidirectional, and soccer-
specific activities. International Journal of Sport Physiology and Performance, 5(4), 
448-458.  

Portas, M. D., Rush, C., Barnes, C., & Batterham, A. (2007). Method comparison of linear 
distance and velocity measurements with global positioning satellite (GPS) and the 
timing gate techniques. Journal of Sports Science and Medicine, 6(10), 7-8.  

Potts, A. D., Charlton, J. E., & Smith, H. M. (2002). Bilateral arm power imbalance in swim 
bench exercise to exhaustion. Journal of Sports Sciences, 20(12), 975-979.  

Poujade, B., Hautier, C. A., & Rouard, A. (2002). Determinants of the energy cost of front-
crawl swimming in children. European Journal of Applied Physiology 87(1), 1-6.  

Psycharakis, S. G., Paradisis, G. P., & Zacharogiannis, E. (2011). Assessment of accuracy, 
reliability and force measurement errors for a tethered swimming apparatus. 
International Journal of Performance Analysis in Sport, 11(3), 410-416.  

Rakobowchuk, M., Tanguay, S., Burgomaster, K. A., Howarth, K. R., Gibala, M. J., & 
MacDonald, M. J. (2008). Sprint interval and traditional endurance training induce 
similar improvements in peripheral arterial stiffness and flow-mediated dilation in 
healthy humans. American Journal of Physiology-Regulatory, Integrative and 
Comparative Physiology, 295(1), 236-242.  

Reep, C. (1962a). Slide rule on Spurs. World Sports, 28(2), 15-17.  
Reep, C. (1962b). Are we getting too clever? World Sports, 28(4), 22-23.  
Reilly, T. (1997). Energetics of high-intensity exercise (soccer) with particular reference to 

fatigue. Journal of Sports Science, 15(3), 257-263.  
Reilly, T., & Thomas, V. (1976). A motion analysis of work-rate in different positional roles 

in professional football match-play. Journal of Human Movement Studies, 2(2), 87-97.  
Ribeiro, J. P., Cadavid, E., Baena, J., Monsalvete, E., Barna, A., & De Rose, E. H. (1990). 

Metabolic predictors of middle-distance swimming performance. British Journal of 
Sports Medicine, 24(3), 196-200.  

Rodas, G., Ventura, J. L., Cadefau, J. A., Cussó, R., & Parra, J. (2000). A short training 
programme for the rapid improvement of both aerobic and anaerobic metabolism. 
European Journal of Applied Physiology, 82(5-6), 480-486.  

135 
 



Rodriguez-Alonso, M., Fernandez-Garcia, J., Perez-Landaluce, F., & Terrados, N. (2003). 
Blood lactate and heart rate during national and international women's basketball. 
Journal of Sports Medicine and Physical Fitness, 43(4), 432-436.  

Roels, B., Schmitt, L., Libicz, S., Bentley, D., Richalet, J.-P., & Millet, G. (2005). Specificity 
of Vo2max and the ventilatory threshold in free swimming and cycle ergometry: 
comparison between triathletes and swimmers. British Journal of Sports Medicine, 
39(12), 965-968.  

Ross, A., & Leveritt, M. (2001). Long-term metabolic and skeletal muscle adaptations to short-
sprint training: implications for sprint training and tapering. Sports Medicine, 31(15), 
1063-1082.  

Rumpf, M., Schneider, A., Schneider, C., & Mayer, H. (2014). Training profiles and motivation 
of male and female youth soccer players. International Journal of Sports Science and 
Coaching, 9(1), 207-216.  

Schutz, Y., & Chambaz, A. (1997). Could a satellite-based navigation system (GPS) be used 
to assess the physical activity of individuals on earth? European Journal of Clinical 
Nutrition, 51, 338-339.  

Schutz, Y., & Herren, R. (2000). Assessment of speed of human locomotion using a differential 
satellite global positioning system. Medicine & Science in Sports & Exercise, 32(3), 
642–646.  

Scott, T. J., Black, C. R., Quinn, J., & Coutts, A. J. (2013). Validity and reliability of the 
session-RPE method for quantifying training in Australian football: a comparison of 
the CRIO and CRl 00 scales. Journal of Strength and Conditioning Research, 27(1), 
270-276.  

Secher, N. H., & Volianitis, S. (2006). Are the arms and legs in competition for cardiac output? 
Medicine & Science in Sports & Exercise, 38(10), 1797-1803.  

Secomb, J. L. (2012). Time-Motion Analysis of a Surfing Training Session and the Associated 
Physical and Physiological Fatigue. Honours University of Newcastle, Newcastle. 

Secomb, J. L., Farley, O. R. L., Lundgren, L., Tran, T. T., Nimphius, S., & Sheppard, J. M. 
(2013). Comparison of the sprint paddling performance between competitive male and 
female surfers. Journal of Australian Strength and Conditioning, 21(S2), 118-120.  

Secomb, J. L., Sheppard, J. M., & Dascombe, B. J. (2014). Time-motion analysis of a 2-hour 
surfing training session. International Journal of Sports Physiology and Performance, 
10(1), 17-22.  

Sheppard, J. M., Gabbett, T., Taylor, K., Dorman, J., Lebedew, A. J., & Borgeaud, R. (2007). 
Development of a repeated-effort test for elite men's volleyball. International Journal 
of Sports Physiology and Performance, 2(3), 292.  

Sheppard, J. M., Mcnamara, P., Osborne, M., Andrews, M., Oliveira Borges, T., Walshe, P., & 
Chapman, D. (2012). Association between anthropometry and upper-body strength 
qualities with sprint paddling performance in competitive wave surfers. Journal of 
Strength and Conditioning Research, 26(12), 3345–3348.  

Sheppard, J. M., Nimphius, S., Haff, G. G., Tran, T. T., Spiteri, T., Brooks, H., . . . Newton, R. 
U. (2013). Development of a comprehensive performance-testing protocol for 
competitive surfers. International Journal of Sports Physiology and Performance, 8(5), 
490-495.  

Sinclair, W. H., Kerr, R. M., Spinks, W. L., & Leicht, A. S. (2009). Blood lactate, heart rate 
and rating of perceived exertion responses of elite surf lifesavers to high-performance 
competition. Journal of Science and Medicine in Sport, 12(1), 101-106.  

Sloth, M., Sloth, D., Overgaard, K., & Dalgas, U. (2013). Effects of sprint interval training on 
VO2max and aerobic exercise performance: A systematic review and meta‐analysis. 
Scandinavian Journal of Medicine & Science in Sports, 23(6), 341-352.  

136 
 



Smith, P. M., Price, M. J., Davison, R. R. C., Scott, D., & Balmer, J. (2007). Reproducibility 
of power production during sprint arm ergometry. Journal of Strength and Conditioning 
Research, 21(4), 1315-1319.  

Smith, T. P., McNaughton, L. R., & Marshall, K. J. (1999). Effects of 4-wk training using 
Vmax/Tmax on VO2max and performance in athletes. Medicine and Science in Sports 
and Exercise, 31(6), 892-896.  

Soultanakis, H. N., Mandaloufas, M. F., & Platanou, T. I. (2012). Lactate threshold and 
performance adaptations to 4 weeks of training in untrained swimmers: volume vs. 
intensity. Journal of Strength and Conditioning Research, 26(1), 131-137.  

Souza, P. C., Rocha, M. A., & Nascimento, J. V. d. (2012). Correlation of the bottom turn 
technique with the scores attributed in high performance surfing. Revista Brasileira de 
Cineantropometria & Desempenho Humano, 14(5), 554-561.  

Spencer, M., Bishop, D., Dawson, B., & Goodman, C. (2005). Physiological and metabolic 
responses of repeated-sprint activities: Specific to field-based team sports. Sports 
Medicine, 35(12), 1025-1044.  

Spencer, M., Fitzsimons, M., Dawson, B., Bishop, D., & Goodman, C. (2006). Reliability of a 
repeated-sprint test for field-hockey. Journal of Science and Medicine in Sport, 9(1), 
181-184.  

Spencer, M., Lawrence, S., Rechichi, C., Bishop, D., Dawson, B., & Goodman, C. (2004). 
Time–motion analysis of elite field hockey, with special reference to repeated-sprint 
activity. Journal of Sports Sciences, 22(9), 843-850.  

Stackhouse, S. K., Reisman, D. S., & Binder-Macleod, S. A. (2001). Challenging the role of 
pH in skeletal muscle fatigue. Physical Therapy, 81(12), 1897-1903.  

Stepto, N. K., Hawley, J. A., Dennis, S. C., & Hopkins, W. G. (1999). Effects of different 
interval-training programs on cycling time-trial performance. Medicine and Science in 
Sports and Exercise, 31, 736-741.  

Suarez-Arrones, L., Arenas, C., López, G., Requena, B., Terrill, O., & Mendez-Villanueva, A. 
(2014). Positional differences in match running performance and physical collisions in 
men rugby sevens. International Journal of Sports Physiology and Performance, 9(2), 
316-323.  

Swaine, I. L. (1997). Cardiopulmonary responses to exercise in swimmer using a swim bench 
and a leg-kicking ergometer. Internation Journal of Sports Medicine, 18(5), 359-363.  

Swaine, I. L. (2000). Arm and leg power output in swimmers during simulated swimming. 
Medicine & Science in Sports & Exercise, 32(7), 1288–1292.  

Tan, F. H., Polglaze, T., & Dawson, B. (2010). Reliability of an in-water repeated-sprint test 
for water polo. International Journal of Sports Physiology and Performance, 5(1), 117-
120.  

Taylor, J. (2003). Basketball: Applying time motion data to conditioning. Strength and 
Conditioning Journal, 25(2), 57-64.  

Townshend, A., Worringham, C., & Stewart, I. (2007). Assessment of speed and position 
during human locomotion using non-differential GPS. Medicine & Science in Sports & 
Exercise, 40(1), 124-132.  

Tran, T. T. (2015). Evaluation and training of sensorimotor abilities in competitive surfers. 
Doctorate of Philosophy Edith Cowan University 

Tran, T. T., Nimphius, S., Lundgren, L., Secomb, J., Farley, O. R. L., Haff, G. G., . . . Sheppard, 
J. M. (2015). Effects of unstable and stable resistance training on strength, power, and 
sensorimotor abilities in adolescent surfers. International Journal of Sport Science and 
Coaching, 10(5), 899-910.  

Tucher, G., Castro, F. A. d. S., Garrido, N. D., & Silva, A. J. R. M. d. (2014). The reliability 
of a functional agility test for water polo. Journal of Human Kinetics, 41(1), 181-190.  

137 
 



Turner, A. N., & Stewart, P. F. (2013). Repeat sprint ability. Strength and Conditioning 
Journal, 35(1), 37-41.  

Vandewalle, H., Peres, G., Sourabie, B., Stouvenel, O., & Monod, H. (1989). Force-velocity 
relationship and maximal anaerobic power during cranking exercise in young 
swimmers. International Journal of Sports Medicine, 10(6), 439-445.  

Varley, M. C., Fairweather, I. H., & Aughey, R. J. (2012). Validity and reliability of GPS for 
measuring instantaneous velocity during acceleration, deceleration, and constant 
motion. Journal of Sports Sciences, 30(2), 121-127.  

Vuori, I. (1998). Experiences of heart rate monitoring in observational and intervention studies. 
Journal of Sport Sciences, 16(1), 25-30.  

Wadley, G., & Le Rossignol, P. (1998). The relationship between repeated sprint ability and 
the aerobic and anaerobic energy systems. Journal of Science and Medicine in Sport, 
1(2), 100-110.  

Wallace, L. K., Slattery, K. M., & Coutts, A. J. (2009). The ecological validity and application 
of the session-RPE method for quantifying training loads in swimming. Journal of 
Strength and Conditioning Research, 23(1), 33-38.  

Ward, P., Hodges, N. J., Starkes, J. L., & Williams, M. A. (2007). The road to excellence: 
Deliberate practice and the development of expertise. High Ability Studies, 18(2), 119-
153.  

Warshaw, M. (2003). The Encyclopedia of surfing. San Diego, CA: Harcourt. 
Welsman, J. R., & Armstrong, N. (2000a). Longitudinal changes in submaximal oxygen uptake 

in 11-to 13-year-olds. Journal of sports sciences, 18(3), 183-189.  
Welsman, J. R., & Armstrong, N. (2000b). Scaling performance for differences in body size. 

In N. Armstrong & W. V. Mechlen (Eds.), Paediatric Exercise and Sports Medicine 
(pp. 3-9). Oxford: Oxford University Press.  

Westerblad, H., Allen, D. G., & Lannergren, J. (2002). Muscle fatigue: lactic cid or inorganic 
phosphate the major cause? News in Physiological Sciences, 17, 17-21.  

Williams, M. A., & Hodges, N. J. (2005). Practice, instruction and skill acquisition in soccer: 
Challenging tradition. Journal of Sports Sciences, 23(6), 637-650.  

Wilmore, J., & Costill, D. (2004a). Cardiovascular and Respiratory Adaptions to Training 
Physiology of Sport and Exercise (pp. 272-273, 298-299). Champaign, IL: Human 
Kenitcs.  

Wilmore, J., & Costill, D. (2004b). Metabolism, Energy and The Basic energy System 
Physiology of Sport and Exercise (Third ed., Vol. 3, pp. 144-145). United States: 
Human Kinetics.  

Witte, T. H., & Wilson, A. M. (2004). Accuracy of non-differential GPS for the determination 
of speed over ground. Journal of Biomechanics, 37(12), 1891–1898.  

WSL. (2015). World Surf League Rule Book 2015. Santa Monica, USA:  
Yoon, B.-K., Kravitz, L., & Robergs, R. (2007). VO2max, protocol duration, and the VO2 

plateau. Med Sci Sports Exerc, 39(7), 1186-1192.  
Zhang, Y., Johnson 2nd, M., Chow, N., & Wasserman, K. (1991). Effect of exercise testing 

protocol on parameters of aerobic function. Medicine and science in sports and 
exercise, 23(5), 625-630.  

  

138 
 



Appendix 1: Ethics Approval Letter 

 

Project Number: 10181 FARLEY 
Project Name: Assessment of Competitive Requirements, Fitness and Trainability of 
Anaerobic and Aerobic Capacity of Surfers 
 
Student Number: 10324137 

 The ECU Human Research Ethics Committee (HREC) has reviewed your application and has 
granted ethics approval for your research project. In granting approval, the HREC has determined that 
the research project meets the requirements of the National Statement on Ethical Conduct in Human 
Research. 

  

The approval period is from 23 September 2013 to 20 March 2015. 

  

The Research Assessments Team has been informed and they will issue formal notification of 
approval. Please note that the submission and approval of your research proposal is a separate 
process to obtaining ethics approval and that no recruitment of participants and/or data collection can 
commence until formal notification of both ethics approval and approval of your research proposal has 
been received. 

  

All research projects are approved subject to general conditions of approval. Please see the attached 
document for details of these conditions, which include monitoring requirements, changes to the 
project and extension of ethics approval. 

  

Please feel free to contact me if you require any further information. 

  

Regards 

Sue 

  

  

Sue McDonald, Research Ethics Support Officer, Office of Research & Innovation, Edith Cowan University, 
270 Joondalup Drive, Joondalup, WA 6027  

Email: research.ethics@ecu.edu.au Tel: +61 08 6304 5122 | Fax: +61 08 6304 5044 | CRICOS IPC 00279B 
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Appendix 2: Participant Medical Questionnaire 

Assessment of Competitive Requirements, Fitness and  
Trainability of Anaerobic and Aerobic Capacity of Surfers 

EDITH COWAN UNIVERSITY 
SCHOOL OF EXERCISE AND HEALTH SCIENCES 

MEDICAL QUESTIONNAIRE 
 
Name: __________________________ Age: _____yr Weight: ____kg  Height: ___cm 
 
 
Briefly describe the type and amount of exercise you do. 
 Type: __________________________________________________________________ 
 Amount: ________________________________________________________________ 
 
Do you smoke?     YES NO 
 
Have you smoked in the past?   YES NO 
 
Have you ever been diagnosed with –  
 
 being overweight?   YES NO 
 
 high blood pressure?   YES NO 
 
 diabetes?    YES NO 
 
 asthma?    YES NO 
 
 any bleeding disorders?   YES NO 
 
Do you have any reason to believe that you are more at risk of cardiovascular disease than a normal 
member of the population of the same age and sex? 
 
      YES NO 
 If YES please give details 
 ________________________________________________________________ 
 ________________________________________________________________ 
 
Have you ever had rheumatic fever? 
      YES NO 
 
 If YES please give details 
 ________________________________________________________________ 
 ________________________________________________________________ 
 
Have you ever experienced heat exhaustion or heat stroke? 
 
      YES NO 
 
 If YES please give details 
 ________________________________________________________________ 
 ________________________________________________________________ 
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Is there anything that you are aware of that may limit your capacity to exercise? (e.g. Chronic back 
pain and/or other joint pain, severe headaches?) 
 
      YES NO 
 
 If YES please give details 
 ________________________________________________________________ 
 ________________________________________________________________ 
 
 
Do you have any allergies? 
 
      YES NO 
 
 If YES please give details 
 ________________________________________________________________ 
 ________________________________________________________________ 
 
Are you currently on any prescribed or non-prescribed medications? 
  
      YES NO 
 
 If YES please give details 
 ________________________________________________________________ 
 ________________________________________________________________ 
 
Have you suffered from any viral infections, chronic tiredness or donated blood in the past two 
months? 
 
      YES NO 
 
 If YES please give details 
 ________________________________________________________________ 
 ________________________________________________________________ 
 
 
Do you have any other complaint or any other reason that you know of which you think may prevent 
you from participating in and completing this experiment? 
 
      YES NO 
 
 If YES please give details 
 ________________________________________________________________ 
 ________________________________________________________________ 
 
I believe that the information that I have supplied is true and correct. 
 

 Print Name     Signed   Date 
 
_________________________  ______________________ _________ 
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Appendix 3: Information Letter and Inform Consent Study 1 

Information Letter to Participants 

 

Title of the project 

“An in-depth performance analysis into the workloads of competitive surfing: A performance analysis 
of three surfing competitions” 

 
Researchers and Contact details 

Oliver Farley, MSe  
Hurley Surfing Australia High Performance Centre 
PO Box 1613 
Kingscliff NSW 2487 
M: 0467424379 
T: +61 2 66 71 0000 
 
Dr Jeremy Sheppard, Ph.D. 
Senior lecturer  
School of Exercise and Health Sciences 
Edith Cowan University 
Hurley Surfing Australia High Performance Centre 
PO Box 1613 
Kingscliff NSW 2487 
T: +61 2 66 71 0000 
 
Dr Chris Abbiss, Ph.D. 
School of Exercise and Health Sciences 
Edith Cowan University 
School of Exercise and Health Sciences 
270 Joondalup Drive 
Joondalup WA, 6027 
T: +61 8 63 04 5740 
 

Description of the research project 

The aim of this project is to examine the physical and external loads, activity patterns; distances covered and 
exercise duration of elite surfers during competition using performance analysis.  

You have been selected by way of personal contact with one of the investigators in this project and through 
Surfing Australia High Performance Centre and local board rider clubs to participate in this study. To 
participate in the study, you will firstly need to complete the medical questionnaire. If you have any 
contraindications, you will be asked to obtain a medical clearance from your general practitioner prior to 
participation or be excluded from the study. If you are under the age of 18 years at the commencement of 
the study a parent/guardian signature of consent will need to be provided prior to participation. 

All testing will be conducted at different surf beach locations. Participants will be monitored during all 
heats within sanctioned competitions. Organisers at the events will have first aid and CPR 
qualifications. During these sessions participants will be asked to wear a GPS unit and we will film 
your surfing from the beach. After the surf session, data from the GPS unit will be downloaded to a 
laptop for analysis of speeds, distance travelled etc. 

During each testing session: 
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• Speeds, distances velocity of movements will be continuously monitored. GPS unit will be positioned 
on the upper vertebrae or fastened around your arm. 

• You will be continuously filmed for each heat.  
 

You will benefit from participating in this study by gaining a better understanding of your surfing 
performance. Where possible you will be provided with information regarding your speeds, heart rates, 
distances covered and time spent performing the various surfing activities. 

 

Confidentiality of information 

The information collected in this study will be used to prepare a scientific report to be published in an 
academic journal. The information will only be available to Oliver Farley and his team of researchers 
(supervisors). Your personal data will be assigned an identification code, such that only those people directly 
involved in collecting information for the study will be able to recognise which person the information 
pertains to. The information collected in this study will be stored under file in the School of Exercise and 
Sport Sciences for a period of 5 years at ECU. After the study has finished the information collected during 
the course of the study will be destroyed. 

Results of the research study 

The data collected in this study will be summarised as average data for all participants. There will be 
no individual data presented, which means that your personal information cannot be identified. The data 
will be presented at conferences and as a scientific report to be published in an academic journal. If you 
request it, you will receive a summary of your own personal information and a group summary explaining 
the findings of the study. 

Voluntary participation 

Your participation in this study is entirely voluntary. No explanation or justification is needed if you choose 
not to participate. 

Withdrawing consent to participate 

You are free to withdraw your consent to further involvement in the research project at any time. If you 
choose to withdraw, you have the right to request that any personal information collected up to that 
point in the study is returned to you without question.  
 
Questions and/or further information 

If you have any questions or require any further information about the research project, please contact Oliver 
Farley on 0467424379 or email: oliver@surfingaustralia.com 

 

Independent contact person 

If you have any concerns or complaints about the research project and wish to talk to an independent person, 
you may contact: 

Research Ethics Officer 
Human Research Ethics Committee 
Edith Cowan University 
100 Joondalup Drive 
JOONDALUP WA 6027 
Phone: (08) 6304 2170 
Email: research.ethics@ecu.edu.au 
If you are interested in taking part in this study, then please read and sign the Informed Consent document 
and return it to Oliver Farley in person or by post at the address provided at the beginning of this letter. 
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Informed Consent Document 

 
Title of the project 
 
“An in-depth performance analysis into the workloads of competitive surfing: A performance analysis 
of three surfing competitions” 
 
Researchers and Contact details 

Oliver Farley, MSe  
Hurley Surfing Australia High Performance Centre 
PO Box 1613 
Kingscliff NSW 2487 
M: 0467424379 
T: +61 2 66 71 0000 
 
Dr Jeremy Sheppard, Ph.D. 
Senior lecturer  
School of Exercise and Health Sciences 
Edith Cowan University 
Hurley Surfing Australia High Performance Centre 
PO Box 1613 
Kingscliff NSW 2487 
T: +61 2 66 71 0000 
 
Dr Chris Abbiss, Ph.D. 
School of Exercise and Health Sciences 
Edith Cowan University 
School of Exercise and Health Sciences 
270 Joondalup Drive 
Joondalup WA, 6027 
T: +61 8 63 04 5740 
 
Statement indicating consent to participate 
 
I confirm the following: 
• I have been provided with a copy of the Information Letter, explaining the research study 
• I have read and understood the information provided 
• I have completed the medical questionnaire and am not aware of any conditions that may prevent me 

from completing this experiment.  
• I have been given the opportunity to ask questions and I have had any questions answered to my 

satisfaction 
• I am aware that if I have any additional questions I can contact the research team 
• I understand that participation in the research project will involve: 

– Wearing a GPS unit while being videoed  
– Being monitored competitions 

• I understand that my information provided will be kept confidential and that my identity will not be 
disclosed without consent 

• I understand that the information provided will only be used for the purposes of this research project 
and I understand how the information is to be used  

• I understands that I am free to withdraw from further participation at any time, without explanation or 
penalty 

• I freely agree to participate in the project 
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Signed ………………………………………………  

Name…………………………………………….……..….... Date…………..… 

 

Parent/guardian Signed …………………………………………….…  

Name………………………………………...…………... Date………..…… 

Signed by member of research team ………………………………………………….…. 
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Appendix 4: Information Letter and Inform Consent Study 3 

Information Letter to Participants 

 

Title of the project 

“The repeat-sprint paddle test: A protocol for measuring surfing athletes’ sprint paddle performance.” 

 

Researchers and Contact details 

Oliver Farley, MSe  
Hurley Surfing Australia High Performance Centre 
PO Box 1613 
Kingscliff NSW 2487 
M: 0467424379 
T: +61 2 66 71 0000 
 
Dr Jeremy Sheppard, Ph.D. 
Senior lecturer  
School of Exercise and Health Sciences 
Edith Cowan University 
Hurley Surfing Australia High Performance Centre 
PO Box 1613 
Kingscliff NSW 2487 
T: +61 2 66 71 0000 
 
Dr Chris Abbiss, Ph.D. 
School of Exercise and Health Sciences 
Edith Cowan University 
School of Exercise and Health Sciences 
270 Joondalup Drive 
Joondalup WA, 6027 
T: +61 8 6304 5740 
 

Description of the research project 

The aim of this project is to develop a novel repeat sprint paddle test. The study will refine the current aerobic 
and anaerobic testing fitness tests used with the national program (15-meter sprint paddle, 400-meter 
endurance paddle). 

You have been selected by way of personal contact with one of the investigators in this project and through 
Surfing Australia High Performance Centre and local board rider clubs to participate in this study. To 
participate in the study, you will firstly need to complete the medical questionnaire. If you have any 
contraindications, you will be asked to obtain a medical clearance from your general practitioner prior to 
participation or be excluded from the study. If you are under the age of 18 years at the commencement of 
the study a parent/guardian signature of consent will need to be provided prior to participation. 

As a participant in this study, you will be involved in 3 testing sessions. All testing will be conducted 
under supervision at the Hurley Surfing Australia High Performance Centre (HPC). During this time, 
repeated measure (2 separate days) of the repeat sprint must be completed within 2 days apart and you 
will need to attend the HPC on 3 separate occasions. Testing sessions will last approximately 30 min 
depending on your level of fitness. Prior to testing you will have your height and body weight measured. 

The 400-meter endurance paddle test (day 3) is based over 20m up and back course, with a total of 400m 
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accomplished. 

The repeat sprint paddle consists of performing 10 repetitions of 15m maximal high-intensity paddling 
separated by either 30 or 40 seconds of rest. After the test a blood lactate sample will be taken if you agree 
to have it taken.  

During the different testing sessions in this study: 

• You will have a horizontal position transducer attached to your shorts during 15m sprint paddle test. 
• You will be asked about your perceived exertion  
• Your blood lactate will be taken by withdrawing a small amount of blood from your index finger. 

 
During the testing session it is possible that you may experience fatigue and muscle soreness/burning 
sensation from the exercising. During pool testing researchers will have CPR qualifications to minimize 
safety concerns. Researchers supervising pool testing sessions will have first aid and CPR qualifications. 
From participation in the study you may experience tiredness, muscular fatigue and slight pain from finger-
stick blood sampling. The blood sampling will be conducted by qualified personnel using standard sterile 
procedures. 

You will benefit from participating in this study by gaining fitness from the exercise and gain a better 
understanding of your own fatigue during such exercise. Where possible you will also be provided with 
information regarding your sprint times, endurance times and blood lactate  

Confidentiality of information 

The information collected in this study will be used to prepare a scientific report to be published in an 
academic journal. The information will only be available to Oliver Farley and his team of researchers. Your 
personal data will be assigned an identification code, such that only those people directly involved in 
collecting information for the study will be able to recognise which person the information pertains to. The 
information collected in this study will be stored under file in the School of Exercise and Sport Sciences for 
a period of 5 years at ECU. After the study has finished the information collected during the course of the 
study will be destroyed. 

Results of the research study 

The data collected in this study will be summarised as average data for all participants. There will be 
no individual data presented, which means that your personal information cannot be identified. The data 
will be presented at conferences and as a scientific report to be published in an academic journal. If you 
request it, you will receive a summary of your own personal information and a group summary explaining 
the findings of the study. 

Voluntary participation 

Your participation in this study is entirely voluntary. No explanation or justification is needed if you choose 
not to participate. 

Withdrawing consent to participate 

You are free to withdraw your consent to further involvement in the research project at any time. If you 
choose to withdraw, you have the right to request that any personal information collected up to that 
point in the study is returned to you without question.  

Questions and/or further information 

If you have any questions or require any further information about the research project, please contact Oliver 
Farley on 0467424379 or email: oliver@surfingaustralia.com 

Independent contact person 

If you have any concerns or complaints about the research project and wish to talk to an independent person, 
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you may contact: 

Research Ethics Officer 
Human Research Ethics Committee 
Edith Cowan University 
100 Joondalup Drive 
JOONDALUP WA 6027 
Phone: (08) 6304 2170 
Email: research.ethics@ecu.edu.au 
If you are interested in taking part in this study, then please read and sign the Informed Consent document 
and return it to Oliver Farley in person or by post at the address provided at the beginning of this letter. 
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Informed Consent Document 

 
Title of the project 
 
“The repeat-sprint paddle test: A protocol for measuring surfing athletes’ sprint paddle performance” 
 
Researchers and Contact details 

Oliver Farley, MSe  
Hurley Surfing Australia High Performance Centre 
PO Box 1613 
Kingscliff NSW 2487 
M: 0467424379 
T: +61 2 66 71 0000 
 
Dr Jeremy Sheppard, Ph.D. 
Senior lecturer  
School of Exercise and Health Sciences 
Edith Cowan University 
Hurley Surfing Australia High Performance Centre 
PO Box 1613 
Kingscliff NSW 2487 
T: +61 2 66 71 0000 
 
Dr Chris Abbiss, Ph.D. 
School of Exercise and Health Sciences 
Edith Cowan University 
School of Exercise and Health Sciences 
270 Joondalup Drive 
Joondalup WA, 6027 
T: +61 8 63 04 5740 
 
Statement indicating consent to participate 
 
I confirm the following: 
• I have been provided with a copy of the Information Letter, explaining the research study 
• I have completed the medical questionnaire and am not aware of any conditions that may prevent me 

from completing this experiment. 
• I have read and understood the information provided 
• I have been given the opportunity to ask questions and I have had any questions answered to my 

satisfaction 
• I am aware that if I have any additional questions I can contact the research team 
• I understand that participation in the research project will involve: 

– A number of testing sessions (3-4 separate occasions)  
– 400-meter timed endurance paddle 
– Repeat sprint paddle 10 times 15m with horizontal position transducer attached to your shorts 
– Having blood lactate samples taken from my finger 

• I understand that my information provided will be kept confidential and that my identity will not be 
disclosed without consent 

• I understand that the information provided will only be used for the purposes of this research project 
and I understand how the information is to be used  

• I understands that I am free to withdraw from further participation at any time, without explanation or 
penalty 
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• I freely agree to participate in the project 
 
 

Signed ………………………………………………  

Name…………………………………………….……..….... Date…………..… 

 

Parent/guardian Signed …………………………………………….…  

Name………………………………………...…………... Date………..…… 

Signed by member of research team ………………………………………………….…. 
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Appendix 5: Information Letter and Inform Consent Study 5 

Information Letter to Participants 

 

Title of the project 

“Training methods for improved athletic performance” 

Researchers and Contact details 

Oliver Farley, MSe  
Hurley Surfing Australia High Performance Centre 
PO Box 1613 
Kingscliff NSW 2487 
M: 0467424379 
T: +61 2 66 71 0000 
 
Dr Jeremy Sheppard, Ph.D. 
Senior lecturer  
School of Exercise and Health Sciences 
Edith Cowan University 
Hurley Surfing Australia High Performance Centre 
PO Box 1613 
Kingscliff NSW 2487 
T: +61 2 66 71 0000 
 
Dr Chris Abbiss, Ph.D. 
School of Exercise and Health Sciences 
Edith Cowan University 
School of Exercise and Health Sciences 
270 Joondalup Drive 
Joondalup WA, 6027 
T: +61 8 6304 5740 

Description of the research project 

The aim of this project is to examine if specific repeat effort paddle training improves surfing performance. 
The training study will investigate and compare the effects of two training programs high intensity interval 
training (HIT) and Sprint interval training (SIT) (i.e. 10s vs. 30s efforts). 

You have been selected by way of personal contact with one of the investigators in this project and through 
Surfing Australia High Performance Centre to participate in this study. To participate in the study, you will 
firstly need to complete the medical questionnaire. If you have any contraindications, you will be asked to 
obtain a medical clearance from your general practitioner prior to participation or be excluded from the 
study. If you are under the age of 18 years at the commencement of the study a parent/guardian signature of 
consent will need to be provided prior to participation. 

This study will involve in a number of testing and training sessions which will be conducted over an 8-week 
period. During this period, you will perform 6 weeks (2 times per week) of structured high-intensity of either 
Hit or SIT. All training will be conducted under supervision at Palm Beach Currmbin High School. 
During this time, the first and last week of the allocated training period will be allocated for fitness 
testing.  

The high intensity interval training consists of participants performing a 30 second maximal burst, 
interspaced with 30 seconds rest with 2-minute rest between sets. The participants in the sprint interval 
training group will perform a repeat sprint of 10 seconds of work and 30 seconds of rest, with 2-minute rest 
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between sets. Training sessions will last approximately 30 min. 

Prior to and following training you will be asked to attend testing sessions, where you will have your height 
and body weight measured. In addition, you will also be asked to perform a maximal 15m repeat sprint 
paddle test and a 400m endurance test.  

The repeat sprint paddle consists of 10 repetitions of maximal high-intensity paddling separated by 40 
seconds of rest. The 400m endurance test is paddling a total distance of 400m non-stop. 

 

During allocated physiological response testing during training sessions: 

• You will have a horizontal position transducer attached to your shorts during 15m sprint paddle. 
• You will be asked about your perceived exertion.  

 
During the testing session it is possible that you may experience fatigue and muscle soreness/burning 
sensation from the exercising and slight pain from blood sampling. Researchers supervising pool testing 
sessions will have first aid and CPR qualifications. From participation in the study you may experience 
tiredness and muscular fatigue.  

You will benefit from participating in this study by gaining fitness from the exercise and gain a better 
understanding of your own fatigue during such exercise. Where possible you will also be provided with 
information regarding your sprint times and endurance times and overall performance. 

Confidentiality of information 

The information collected in this study will be used to prepare a scientific report to be published in an 
academic journal. The information will only be available to Oliver Farley and his team of researchers. Your 
personal data will be assigned an identification code, such that only those people directly involved in 
collecting information for the study will be able to recognise which person the information pertains to. The 
information collected in this study will be stored under file in the School of Exercise and Sport Sciences for 
a period of 5 years at ECU. After the study has finished the information collected during the course of the 
study will be destroyed. 

Results of the research study 

The data collected in this study will be summarised as average data for all participants. There will be 
no individual data presented, which means that your personal information cannot be identified. The data 
will be presented at conferences and as a scientific report to be published in an academic journal. If you 
request it, you will receive a summary of your own personal information and a group summary explaining 
the findings of the study. 

Voluntary participation 

Your participation in this study is entirely voluntary. No explanation or justification is needed if you choose 
not to participate. 

Withdrawing consent to participate 

You are free to withdraw your consent to further involvement in the research project at any time. If you 
choose to withdraw, you have the right to request that any personal information collected up to that 
point in the study is returned to you without question.  

Questions and/or further information 

If you have any questions or require any further information about the research project, please contact Oliver 
Farley on 0467424379 or email: oliver@surfingaustralia.com 

Independent contact person 

If you have any concerns or complaints about the research project and wish to talk to an independent person, 
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you may contact: 

Research Ethics Officer 
Human Research Ethics Committee 
Edith Cowan University 
100 Joondalup Drive 
JOONDALUP WA 6027 
Phone: (08) 6304 2170 
Email: research.ethics@ecu.edu.au 
 

If you are interested in taking part in this study, then please read and sign the Informed Consent document 
and return it to Oliver Farley in person or by post at the address provided at the beginning of this letter. 
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 Informed Consent Document 

 
 

Title of the project 

“Training methods for improved athletic performance” 

Researchers and Contact details 

Oliver Farley, MSe  

Hurley Surfing Australia High Performance Centre 

PO Box 1613 

Kingscliff NSW 2487 

M: 0467424379 

T: +61 2 66 71 0000 

 

Dr Jeremy Sheppard, Ph.D. 

Senior lecturer  

School of Exercise and Health Sciences 

Edith Cowan University 

Hurley Surfing Australia High Performance Centre 

PO Box 1613 

Kingscliff NSW 2487 

T: +61 2 66 71 0000 

 

Dr Chris Abbiss, Ph.D. 

School of Exercise and Health Sciences 

Edith Cowan University 

School of Exercise and Health Sciences 

270 Joondalup Drive 

Joondalup WA, 6027 

T: +61 8 63 04 5740 

 

Statement indicating consent to participate 

I confirm the following: 

• I have been provided with a copy of the Information letter, explaining the research study and understood 
the information provided 

• I have completed the medical questionnaire and am not aware of any conditions that may prevent me 
from completing this experiment. 

• I have been given the opportunity to ask questions and I have had any questions answered to my 
satisfaction 

• I am aware that if I have any additional questions I can contact the research team 
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• I understand that participation in the research project will involve: 
– 12 training sessions which will be conducted over a 6-week period  
– Asked for perceived exertion 
– During training programme, you will be tested at the beginning and again the week after 

completion of the 6-week programme on the following test: 
• 15-meter repeat sprint paddle with horizontal position transducer attached to a rash shirt 
• 400m endurance paddle 

• I understand that my information provided will be kept confidential and that my identity will not be 
disclosed without consent 

• I understand that the information provided will only be used for the purposes of this research project 
and I understand how the information is to be used  

• I understands that I am free to withdraw from further participation at any time, without explanation or 
penalty 

• I freely agree to participate in the project 
 

Signed ……………………………………………… 
Name…………………………………………….……..….... Date…………..… 

 

Parent/guardian Signed …………………………………………….…  

Name………………………………………...…………... Date………..…… 

Signed by member of research team ………………………………………………….…. 
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Appendix 6: Conference Poster 
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Appendix 7: Conference Poster (Study 1) 
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Appendix 8: Conference Poster (Study 4) 
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