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Abstract: 1 
Purpose: The purpose of our study was to examine the effects of sprint interval training (SIT; 2 
10 s) and high intensity interval training (HIT; 30 s) on surfing athletes paddling performance 3 
(400m time trial and repeat sprint paddle performance). Methods: Twenty four competitive 4 
adolescent surfers (19 male, 5 female, age=14.4 ± 1.3 y, mass: 50.1 ± 10.7 kg, stature: 159.9 5 
± 10.3 cm) were assigned to perform either five weeks of SIT and HIT training. Participants 6 
completed a repeated sprint paddle ability test (RSPT, 15m surfboard sprint paddle initiated 7 
every 40 s x 10 bouts) and 400m endurance surfboard paddle time trial prior to and following 8 
training. Results: HIT decreased the total time to complete the 400m by 15.8 ± 16.1 s 9 
(P=0.03), and SIT decreased the total time to complete the RSPT by 6.5 ± 4.3 s (P=0.02). 10 
Fatigue index during the RSPT (first - slowest effort) was lower following HIT and SIT 11 
(P=≤0.001 and P=0.02, respectively). There were no significant differences in performance 12 
changes in the 400m (Total time) and RSPT (total time, fastest 15m time, peak velocity) 13 
between HIT and SIT. Conclusion: Our study indicates that HIT and SIT may be 14 
implemented to the training program of surfers to improve aerobic and repeat sprint paddle 15 
ability, both of which are identified as key aspects of the sport. Additionally, these findings 16 
indicate that 400m paddle and RSPT can discriminate between aerobic and anaerobic training 17 
adaptations, with aerobic gains likely from HIT and anaerobic gains from SIT. 18 
 19 

Keywords: Athlete Training; Surfing; Repeat Sprint; Endurance; aerobic; anaerobic 20 

INTRODUCTION 21 

 22 

Surfing entails intermittent paddling bouts that vary in intensity and duration (13, 36, 23 

40). Therefore, a key physical requirement for surfing athletes is the ability to perform 24 

repeated, short powerful bouts of paddling in order to catch waves and position themselves to 25 

catch waves (28-32, 35). These bouts require high muscular and cardio-respiratory endurance 26 

and the capacity to produce considerable anaerobic power, particularly in the upper-body. 27 

This is supported by Farley et al. (14), who reported a significant relationship between 28 

surfers’ season rank and upper body anaerobic peak power output. The paddling bouts 29 

described have been reported to range between 1 and 20 second (s), and account for between 30 

60 and 80% (13, 36, 40) of the total paddling time, with between 56 to 62% (13, 40) of the 31 

total time spent between 1 and 10 s. The short high-intensity burst of paddling (1 – 10 s) in 32 

order to catch waves highlights the importance of anaerobic paddling power to surfing 33 

performance (13, 28, 40).  34 

Copyright ª 2016 National Strength and Conditioning Association

ACCEPTED



2 
 

 
 

 35 

Given the importance of sprint paddling to performance in surfing, training methods 36 

should specifically target the energy systems utilized during such short and powerful 37 

movements. Incorporating these qualities in elite surfers may better allow sport scientists and 38 

strength and conditioning coaches to better prepare these athletes for competition. 39 

Specifically, high intensity interval training (HIT) has emerged as an effective training 40 

method for improving both aerobic and anaerobic qualities, with such adaptations dependent 41 

on the intensity and duration of work and rest periods (6, 7, 25, 43). HIT training typically 42 

involves longer work periods of work (≥30 s), at intensities that elicit maximal aerobic 43 

capacity, and has been documented to be extremely effective in improving cardiovascular 44 

fitness (6, 8, 17, 19). Conversely, sprint interval training (SIT) is an aspect of HIT and 45 

involves repeated bouts of slightly shorter intervals (10 – 30 s) maximal intensity work, with 46 

relatively long periods of rest, which have also been documented to improvement aerobic 47 

exercise performance and peripheral muscular adaptations (10, 18, 19, 43). Additionally, SIT 48 

has been associated with increased mean and peak anaerobic capacity (2, 10, 11, 21, 34), with 49 

alterations in glycolytic enzymes, muscle buffering, and ionic regulation, resulting in 50 

improved anaerobic performance (9, 11, 18, 20, 21, 33). Such research is of particular interest 51 

to surfing, since HIT and SIT represent a time-efficient and alternative approach to improve 52 

both aerobic and anaerobic capacity, and thus overall surfing performance.  53 

 54 

Competitive surfing athletes perform high volumes of surf training including 55 

continuous and high-intensity paddling due to the amount of time spent surfing daily/weekly 56 

(27). Therefore, from a practical point of view, the effective use of HIT or SIT to improve 57 

sprint paddle performance in a time efficient manner while simultaneously minimizing the 58 

additional load on the shoulders and surrounding muscle groups may be beneficial to athletes. 59 

Copyright ª 2016 National Strength and Conditioning Association

ACCEPTED



3 
 

 
 

However, to our knowledge no study has yet examined the efficacy of such training on 60 

performance of already trained surfers. Therefore, the purposes of this study were to examine 61 

if specific HIT and SIT paddle-based training can improve 400m time trial and anaerobic 62 

repeat sprint paddle ability in adolescent surfers and also determine if the similar training 63 

methods produce different performance outcomes. 64 

 65 

METHODS 66 

Experimental Approach to the Problem 67 

To determine the effects of five weeks of sprint interval training (10 s bursts) and high 68 

intensity interval training (30 s bursts) adolescent surfers were tested on their 400m 69 

endurance surfboard paddling performance and repeat sprint paddle performance. Thereafter, 70 

statistical analysis was performed to compare the effects of training on each performance 71 

measures and between training groups. 72 

 73 

Subjects 74 

Twenty-four competitive adolescent surfers (19 males, 5 females, age=14.4 ± 1.3 y, 75 

mass: 50.1 ± 10.7 kg, stature: 159.9 ± 10.3 cm), from a high school state surf program 76 

volunteered and completed this study. The study was conducted according to the Declaration 77 

of Helsinki and approved by the appropriate institutional ethics committee. Prior to data 78 

collection, parents and athletes were fully informed of the experimental procedure and gave 79 

written informed consent. All participants had a minimum of five years of surfing experience 80 

and had competed at state level competitions. Participants were asked not to perform any 81 

specific strength and conditioning training during the study.  82 

 83 
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Procedures 84 

Participants were separated into two matched groups based on age and their initial 85 

level of fitness from pre-training test results (400m and RSPT). Each group performed either 86 

repeat SIT using paddling bouts of 10 s (n=12, age: 14.3 ± 1.3 y, mass: 48.7 ± 12.9 kg, 87 

stature: 156.3 ± 8.9 cm), or a HIT (n=12, age: 14.5 ± 1.3 y, mass: 51.3 ± 8.3 kg, stature: 163 88 

± 10.8 cm) programme consisting of 30 s paddling bouts, twice per week for a period of five 89 

weeks. Four and six days prior to and post the five weeks training program, participants 90 

performed a repeat sprint paddle test (RSPT) (Six days prior, four days’ post) and 400m 91 

paddling time trial (Four days prior, six days’ post). These tests were chosen since such tests 92 

are regarded to be key components to surfing performance (42). To standardize conditions 93 

during the training and testing, athletes used the same surfboards as during competitions, 94 

wore board shorts or surfing attire, and started from the same position which was stationary 95 

and lying prone on the surfboard. Training was conducted in an ocean inlet, with minimal 96 

currents and no waves.  97 

 98 

SIT training  99 

The rationale for the number of sets and repetitions used in the SIT training was based 100 

on the maximal sprint bouts (often utilized when paddling for a wave) and numbers of bouts 101 

performed during a heat, as reported by time motion analysis (TMA) (12, 13, 36, 40). The 102 

duration of each bout for the SIT protocol utilized in the study was based on current literature 103 

(6, 8, 17, 19, 43) utilizing repeated bouts of short duration exercise (10 s) performed at high 104 

maximal intensities. Participants performed 10 s maximal burst after a ‘3,2,1’ count to begin, 105 

and ‘stop’ was called out at 10 s thus limiting slowing before the 10 s timeframe. Participants 106 

then had 30 s of rest (1:3 work to rest ratio) after the ‘stop’ command, with a 2-minute rest 107 

between sets. Detailed format of the five-week HIT training program is explained in Table 1.  108 
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 109 

Insert Table 1 here 110 

 111 

HIT training 112 

HIT training was based on previously described principles used for the improvement 113 

of aerobic function (10, 18, 19). The training method had participants paddling up to a buoy 114 

marker placed at a set distance for each athlete. The distance of the buoy marker ensured that 115 

participants would paddling at a speed that equated to 120% of their maximal aerobic speed 116 

(MAS; as determined from baseline testing), for a period of 30 s. Participants were required 117 

to reach the buoy within the 30 s period, followed by 30 s of rest (1:1 work to rest ratio), with 118 

2 minutes’ rest between sets. Detailed format of the five-week training program is explained 119 

in Table 1. The environmental conditions of training varied in mornings of the summer 120 

months from 22 – 28°C, with water temperature varying between 20 – 24°C for all training 121 

sessions. 122 

 123 

Performance measures 124 

Repeat sprint paddle test 125 

Athletes were tested on their repeat sprint paddle ability with the RSPT initially 126 

conducted six days prior to training, which consisted of 10 x 15m sprint paddle bouts with 127 

start every 40 s. The test was conducted to determine the athletes’ fastest sprint time, total 128 

sprint paddling time and peak paddling velocity. The RSPT was performed in an outdoor, 129 

25m, 24°C heated swimming pool with athletes paddling on their own surfboard, using a 130 

horizontal position transducer (I-Rex, Southport, Australia) recording at a displacement 131 

frequency of 0.02 m (41, 42). Athletes had the tethered line of the I-Rex attached to either 132 

their board shorts, or bikini top, and performed each 15m paddle without kicking their legs. 133 
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The data recorded from pre and post testing was subsequently analyzed for changes between 134 

the total time taken to complete the test, fastest 15m time and peak paddling velocity (m•s-1) 135 

reached during fastest 15m paddle. Additionally, fatigue index during the RSPT was 136 

calculated as the time taken to complete the first 15m paddle minus the slowest time. 137 

 138 

400m timed endurance paddle test 139 

The second paddling test (Four days prior to testing) completed was a 400m 140 

endurance paddle that was also conducted in an outdoor, 24° heated swimming pool, over a 141 

20m up-and-back course. Athletes paddled around buoys set at the 20m distance, ensuring 142 

continuous paddling to a total of 400m with the total time to complete 400m recorded (42). 143 

The data recorded from pre and post testing was subsequently analyzed for changes between 144 

the total time taken to complete the test, and changes to paddling speed. 145 

Session RPE 146 

Internal training loads after each session for both training programs were reflected 147 

using the session-RPE (sRPE) method proposed by Foster et al. (16). The sRPE method has 148 

been suggested to be a practical measure of internal training load (5, 24, 39) and was 149 

collected from athletes to track intensities throughout the study. Athletes’ were asked to rate 150 

their level of perceived exertion for the entire training session on a 1 – 10 scale, with 10 151 

being maximal exertion.  152 

 153 

Statistical Analyses 154 

Descriptive statistics are used throughout the study and presented as means ± standard 155 

deviations (±SD). A two-way mixed model ANOVA was performed to compare the effect of 156 

training on 15m peak paddling velocity, fastest 15m time, total RSPT paddling time, fatigue 157 

index during the RSPT, 400m time and sRPE between groups. Further post-hoc analysis 158 
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using separate one-way ANOVAs were performed on the change result in each measure from 159 

each group (HIT and SIT) to determine specific statistical changes in 15m peak paddling 160 

velocity (m•s-1), best 15m time, total RSPT paddling time, fatigue index during the RSPT, 161 

400m time and sRPE during training. Using Cohen’s d, the effect sizes of training induced 162 

changes were also calculated. The criteria for interpreting effect size was: ≤0.2 = trivial, 0.2 – 163 

0.6 = small, 0.6 – 1.2 = moderate, 1.2 – 2.0 = large, and >2.0 = very large (23, 37). All 164 

statistical analyses except Cohen’s d were performed using statistical analysis package 165 

(SPSS, Version 22.0; Chicago, IL) with statistical significance set at p≤0.05.  166 

 167 

RESULTS 168 

HIT resulted in a significant decrease in total time to complete the 400m paddle 169 

(Table 2). There was no significant difference in 400m paddling time prior to and following 170 

training in the SIT group (Table 2). No significant differences were observed in total time 171 

(p=.282) during the 400m paddle between HIT and SIT.  172 

 173 

Insert Table 2 here 174 

 175 

Total time to complete the RSPT decreased by 6.5 ± 4.3 s following SIT training 176 

(Table 3). There was no significant difference in total time to complete the RSPT following 177 

HIT, although a moderate effect was observed (Table 3). There were no significant 178 

differences in total time (p=0.517), fastest 15m time (p=0.777) or peak velocity (p=0.517) 179 

between HIT and SIT during the RSPT.  180 

 181 

Insert Table 3 here 182 

 183 
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 184 

Insert Table 4 here 185 

 186 

Sessional RPE was greater in the HIT compared with SIT in training weeks 1 187 

(p=<001), 2 (p=0.02) and 5 (p=0.001) (Table 4), with no difference in week 3 (p=0.92) and 188 

week 4 (p=0.14). 189 

 190 

DISCUSSION 191 

An ever increasing amount of literature has emerged investigating high intensity 192 

interval training and more recently sprint interval training, as highly effective methods of 193 

training to improve aerobic performance and metabolic functioning (3, 4, 6, 25). These 194 

training methods previously documented to be viable methods for improved athlete 195 

performance in other sports have not been investigated in surfing to date. Therefore, the 196 

purpose of this study was to examine the effects of two paddle training methods (HIT and 197 

SIT) that target the intensities observed in surfing, on surfing athletes’ paddling performance. 198 

The desired outcomes from high intensity interval training and sprint interval training 199 

programs were to improve key surfing components such as aerobic conditioning, repeated 200 

efforts and repeat sprint paddle ability. Furthermore, the program design focus was of a 201 

realistic duration that can be implemented with surfing athletes who have frequent and 202 

extensive travel commitments, allowing for generally two to five-week training periods at a 203 

given time.  204 

 205 

The results of the present study indicate that five weeks of high intensity interval 206 

training significantly improves endurance paddling capacity, while five weeks of sprint 207 

interval training improves repeat sprint paddling ability in adolescent trained surfers. High 208 
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intensity interval training resulted in a moderate (-0.91 d), significant (p=0.03) decrease (-209 

15.8 s) in total time to complete the 400m endurance paddle and sprint interval training 210 

resulted in a moderate decrease the total paddling time (-6.5 s) during the repeat sprint paddle 211 

test (-1.01 d; p=0.02). Additionally, high intensity interval training and sprint interval 212 

training resulted in a very large (-2.3 d) and moderate (-1.06 d), significant (p=≤0.001 and 213 

p=0.02) decrease in the fatigue index during the repeat sprint paddle test, respectively. 214 

Furthermore, while total time to complete the repeat sprint paddle test following high 215 

intensity interval training was not significant, a moderate effect size was observed. These 216 

findings are similar to that of previous work (1, 6-11, 15, 17-19, 21, 34, 44), indicating an 217 

increase in exercise performance following a high intensity interval training or sprint interval 218 

training program. However, this is the first study, to the best of our knowledge, observing an 219 

improvement in performance of trained surfers following high intensity interval training and 220 

sprint interval training. The influence of such training on performance of adolescent surfers is 221 

important given that the environment and routine typically differs to that of other sports, 222 

whereby athletes often have a more structured training routine. Surfing athletes typically surf 223 

when conditions permit, with surfing sessions considered fun, recreational practice, rather 224 

than specific ‘training’ (31). As such, the findings from this study indicate that alternative 225 

training interventions may assist in further development of surfing specific training 226 

interventions aimed at improving overall performance.  227 

 228 

It should be noted that no significant differences in performance changes in the 400m 229 

(total time) and repeat sprint paddle test (total time, fastest 15m time, peak velocity) were 230 

observed between high intensity interval training and sprint interval training. Yet, given the 231 

inherent difference in training load (i.e. intensity and duration) between high intensity 232 

interval training and sprint interval training such comparisons are limited and thus the main 233 
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purpose of this study was to examine the efficacy of these training interventions in already 234 

trained athletes, rather than directly compare each intervention. Given that both aerobic 235 

capacity and repeat sprint paddling capacity are important aspects of surfing performance, the 236 

outcomes of this study may assist coaches and athletes in the preparation of surfers.  237 

 238 

An improvement in endurance performance following high intensity interval training 239 

is not a novel finding with several studies documenting enhanced cardiovascular fitness (6, 8, 240 

17, 19) and maximal aerobic capacity (VO2max) following two (21, 38) to ten (22) weeks of 241 

structured high intensity interval training. Such improvements in VO2max may be associated 242 

with improvements in both oxygen delivery and oxygen utilization and are likely responsible 243 

for the improved performance observed in the 400m paddle following high intensity interval 244 

training. However, maximal aerobic capacity has also been shown to be an extremely 245 

important aspect of repeat sprint performance. Indeed, aerobic capacity has an important role 246 

in the restoration of oxygen onto myoglobin, resynthesis of phosphocreatine and the 247 

oxidation of lactate particularly between efforts (26). As such, it is interesting that within the 248 

present study, high intensity interval training did not improve overall performance during the 249 

RSPT despite improvements in aerobic performance (i.e. 400m paddle performance). 250 

However, it is worth noting that HIT did result in a reduction in fatigue index during the 251 

RSPT, which is likely to be due to improved aerobic capacity.  252 

 253 

Sprint interval training resulted in improvement in performance during the repeat 254 

sprint paddle test but not the 400m paddle performance. Collectively, these findings are 255 

important and indicate that the 400m paddle and RSPT can possibly discriminate between 256 

aerobic and anaerobic training adaptations. Furthermore, it appears that physiological 257 

characteristics other than aerobic capacity are likely to be important determinants of 258 
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performance during the RSPT. Indeed, during the RSPT athletes are required to repetitively 259 

accelerate to peak velocity which requires well-developed anaerobic capacity, muscle 260 

strength and power. However, in the present study sprint interval training resulted in an 261 

improvement in the average time to complete the RSPT and decrease in fatigue index during 262 

the RSPT, but not the time to complete the fastest 15m effort or peak velocity (m•s-1). Such 263 

findings indicate that sprint interval training may have enhanced performance because of 264 

improved aerobic capacity and glycolytic function rather than direct improvements in 265 

strength, power or capacity of the ATP-PC system (9, 11, 18, 20, 21, 33).  266 

 267 

Conclusion  268 

Five weeks of structured training, increasing initially from five minutes of total 269 

paddling time to 16 minutes (SIT) and 18 minutes (HIT) improved the paddling abilities of 270 

adolescent surfers. The surfing athletes within this study decreased 400m endurance paddle 271 

time during HIT and decreased the total RSPT time during SIT. The results indicate that the 272 

400m paddle and RSPT can possibly discriminate between aerobic and anaerobic training 273 

adaptations, with aerobic gains likely from HIT, and anaerobic gains from SIT. Finally, the 274 

training modules are practical to implement and have demonstrated improvements in surfing 275 

athletes’ endurance paddle ability, and anaerobic repeat sprint paddle ability which are key 276 

aspects of the sport.  277 

 278 

PRACTICAL APPLICATIONS 279 

 280 

From a practical aspect, coaches could implement either methods of training 281 

suggested in the study to facilitate either endurance paddle ability (HIT) or repeat sprint 282 
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paddle ability (SIT) and periodize such training into a structured program. Such training 283 

methods could be easily implemented if an adolescent athlete is travelling to a surf location 284 

that predominately requires endurance paddling or a surf break where sprint paddling ability 285 

is more critical for performance. Finally, the minimal amount of actual training time for such 286 

gains may also limit extra loading on the shoulders and surrounding muscle groups, which for 287 

surfing athletes who are already heavily strained due to the amount of hours spent paddling 288 

per week is highly beneficial. 289 
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Table 1: Description of the Five Weeks SIT and HIT Training Intervention 

 

Training type Week Sets/Reps Sessions per week Total paddling time 

SIT 3 x 5 5 min 

HIT 
1 

2 x 5 
2 

10 min 

SIT 4 x 6 8 min 

HIT 
2 

2 x 6 
2 

12 min 

SIT 5 x 7 11.4 min 

HIT 
3 

2 x 7 
2 

14 min 

SIT 5 x 8 13.2 min 

HIT 
4 

3 x 5 
2 

15 min 

SIT 6 x 8 16 min 

HIT 
5 

3 x 6 
2 

18 min 
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Table 2: 400m Endurance Paddle Prior to (Pre) and Following (Post) Five Weeks of 

Sprint Interval (SIT) and High Intensity Interval ( HIT) Training  

 

 Pre Post Change p-value Effect size (d) 

HIT   

Total time (s) 366.4 ± 22.1 347.5 ± 19.5* 
-15.8 ± 16.1 

(Range -37.0 - +8 s) 
0.03 -0.91 

SIT  

Total time (s) 377.5 ± 26.6 359 ± 42 
-13.5 ± 21.2 

(Range -51.0 - +13 s) 
0.24 -0.53 

* = Significant change from pre to post testing (p≤0.05) 
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Table 3: Repeat Sprint Paddle Test Performance Prior to (Pre) and Following (Post) 

Five Weeks of Sprint Interval (SIT) and High Intensity Interval (HIT) Training  

 

 Pre Post Change P-value Effect size (d) 

HIT      

Total time (s) 116.7 ± 6.33 112.3 ± 6.5 
-5.4 ± 3.4 

(Range -12.0 - +0.42 s) 
0.058 -0.69 

Fastest 15m 

time (s) 
11.01 ± 0.85 10.83 ± 0.75 

-0.18 ± 0.33 

(Range -0.72 - +0.19 s) 
0.58 -0.23 

Peak velocity 

(m•s-1) 
1.57 ± 0.09 1.60 ± 0.09 

+0.02 ± 0.06 

(Range -0.09 - +0.11 m•s-1) 
0.40 +0.33 

Fatigue index 1.27 ± 0.45 0.45 ± 0.21 
-0.82 ± 0.40 

(Range -0.09 - -1.4 s) 
≤0.001 -2.3 

SIT      

Total time (s) 115.7 ± 6.5 109.2 ± 6.4* 
-6.5 ± 4.3 

(Range -10.8 - +1.22 s) 
0.02 -1.01 

Fastest 15m 

time (s) 
10.78 ± 0.63 10.57 ± 0.54 

-0.21 ± 0.25 

(Range -0.56 - +0.33 s) 
0.39 -0.36 

Peak velocity 

(m•s-1) 
1.58 ± 0.08 1.62 ± 0.07 

+0.04 ± 0.05 

(Range -0.05 - +0.14 m•s-1) 
0.20 +0.53 

Fatigue index 1.10 ± 0.60 0.59 ± 0.32 
-0.52 ± 0.51 

(Range -0.01 - -1.42 s) 
0.02 -1.06 

* = Significant change from pre to post testing (p≤0.05) 
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Table 4: Average Weekly Session Rating of Perceived Exertion (sRPE) from HIT and 

SIT Training Sessions from Each Athlete 

 

Week HIT SIT 

1 7.4 ± 0.83* 5.4 ± 1.72 

2 7.7 ± 0.82* 7.0 ± 1.14 

3 7.9 ± 0.77 7.4 ± 1.14 

4 8.3 ± 0.90 7.8 ± 1.00 

5 8.4 ± 0.75* 7.3 ± 1.25 

* = Significant differences (p≤0.05) 
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