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The announcement of Teahupo’o, Tahiti as the location for surfing events at the Paris 2024 Olympic Games prompted a focus on performance research specific to female surfers. Following a 14-year absence of competitive female surfing at Teahupo’o, athletes and coaches expressed concerns about safety and wellbeing due to the physical and technical demands of sprint-paddling into such challenging and dangerous waves. This paper presents a methodological research approach designed to address these critical performance challenges in the lead up to the Paris 2024 Olympic Games. The “Paddle-to-Podium” project aimed to enhance sprint-paddling performance in elite Australian female surfers, with the dual objectives of improving wave-riding performance and ensuring athlete safety during the event. A collaborative partnership was formed between Surfing Australia, Griffith University, the Queensland Academy of Sport, and the Australian Institute of Sport to establish a multidisciplinary team committed to supporting Australia’s Olympic success in elite female surfing. The team implemented a four-phase applied research model to bridge the gap between scientific insights and practical application within the daily training environment, ensuring timely and impactful high-performance outcomes. The four phases were: (1) Explore current perceptions of sprint-paddling performance among elite female surfers, (2) Examine key stroke characteristics that contribute to superior sprint-paddling velocity, (3) Execute a tailored technique intervention to optimize sprint-paddling performance, and (4) Sustain research practices to provide a legacy for elite female surfing in Australia.
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Introduction

On March 3, 2020, the International Olympic Committee officially approved Teahupo’o, in Tahiti as the surfing venue for the Paris 2024 Olympic Games. Renowned for its powerful and dangerous waves, Teahupo’o has a history of severe consequences for those who lack the necessary physical and technical skills to surf the wave. So consequential is the wave, that to date five deaths have been recorded. Notably, in 2006, just 14 years before this announcement, the professional surfing federation decided to exclude Teahupo’o from female competitions due to concerns over the risk of serious injury. Consequently, for nearly two decades, elite female surfers have not included this wave in their training, as there was no competitive reason to do so.

It is widely recognised that to develop expert knowledge of a specific wave location, an athlete must possess not only the requisite physical attributes but also a specialized skill set cultivated through exposure, familiarity and repetition (1). At Teahupo’o, one of the most critical attributes for success is sprint-paddling velocity. Underscoring this was two-time World Champion Tyler Wright who stated: “There is not enough information or stats on how I paddle, and the time difference in say 0–3 s and the amount of distance I cover”, she added, “The physicality side, it will come down to we simply can’t paddle fast enough” (2). Athletes need to reach a sufficiently high velocity to match the speed of the large wave, optimizing their wave-riding potential (3). Failure to reach the sprint-paddling velocity that the wave demands can result in “going over the falls”, where the wave’s crest overtakes the surfer, projecting them into the trough before they can ride it. This is particularly dangerous at Teahupo’o where the trough comprises of up to eighteen inches of water above a shallow reef, significantly increasing the risk of severe spinal cord and traumatic brain injuries if the surfer impacts the reef (4). Similar apprehensions about elite female surfers’ preparedness for Teahupo’o was shared by other elite surfers, their performance coaches and acknowledged by Surfing Australia, the National Sporting Organization (NSO).


Research in sprint-paddling and sport performance in female athletes

Research on sprint-paddling in surfing has predominantly focused on male athletes, examining variables such as anthropometry, upper-body strength, paddle technique, and their associations with sprint-paddling performance (5–10). These studies have yielded practically important findings for practitioners, such as the significant association between upper-body pull-up strength and sprint paddling velocity (5, 8). However, only two studies have included elite female surfers, both limited to sex-based comparisons of gross sprint-paddling metrics such as peak paddling velocity and split times (11, 12). For example, Parsonage et al. (11) reported significantly slower sprint-paddling times in female surfers over distances of 0–5 m (12.4%), 0–10 m (9.7%), and 0–15 m (10.9%), with the largest performance gap between sexes occurring in the initial 0–5 m. Despite the discrepancies across all split times, no studies have investigated any potential associations between strength, technique, and sprint-paddling performance in female surfers. This lack of investigation highlights a significant gap in the scientific literature, limiting the development of evidence-informed training practices tailored to elite female surfers. Understanding the specific performance determinants in this population is essential to support their progression in a sport where physical capacity and skill execution are critical to competitive success.



Knowledge translation between science and practice

It is well documented that the role of the sport scientist is crucial in facilitating evidence-informed decision-making to enhance athletic performance (13). Sports scientists offer a unique skill set through their ability to assess, analyze and translate scientific data in meaningful outcomes for coaches and support staff, providing valuable insights that guide training and overall performance strategies. Bridging the gap between “science” and “practice” remains a central goal, with various research models proposed to address this translatory challenge that may occur in high-performance sport settings (14, 15). Of these models, the Applied Research Model for Sports Scientists (ARMSS) is the most frequently cited (26). ARMSS outlines an eight-stage process to optimize sport performance acknowledging that that applied research is rarely linear and often requires a bi-directional approach, with the overlapping of stages.

Bishop (14) emphasized the need for a multidisciplinary approach, integrating the expertise of varying sports scientist disciplines with the perspectives of coaches and athletes to define performance challenges. However, practical examples of applying these models in the high-performance sport settings remain scarce (16, 17). As outlined by ARMSS, the roles of the sport scientist as a practitioner and as a researcher are often treated as distinct and separate (16). Coutts (15) elaborates on this distinction through the concepts of the “fast practitioner” and the “slow researcher”. The fast practitioner operates at a rapid pace, delivering innovative and efficient data in real time to meet the immediate demands of performance environments. In contrast, the slow researcher prioritizes data that is accurate, evidence-based and ethical, but this approach is more time-consuming (15).

High-performance sport contexts often lack the resources to support both roles, leading to the emergence of a hybrid position: the “research-practitioner” (18). This role combines practical and research responsibilities, identifying the performance-driven questions and leveraging external expertise when necessary (18). Before the initiation of the Paddle-to-Podium project, this hybrid role was well-established at Surfing Australia, and its principles directly informed the design and implementation of the applied research model. The duties and responsibilities of the “research-practitioner” provided the structural and operational foundation for the project.

In summary, the decision to hold the 2024 Olympics at Teahupo’o exposed a critical gap in both preparation and scientific understanding of sprint paddling velocity in elite female surfers. While existing research has focused predominantly on male surfers, little is known about the mechanistic factors influencing sprint-paddling in elite females. To address this, a collaborative, Olympic focused research and innovation strategy— “Paddle-to-Podium”—was athlete-centered, coach-supported, research-informed project aimed to improve the sprint-paddling performance of elite Australian female surfers, ultimately contributing to Australia’s pursuit of Olympic medal success.




Methods


Four-phased model

To deliver this project, a four-phase research model was implemented, adapted from the AMRSS model (Figure 1). The model was designed to achieve the primary aim of enhancing the success of Australian female surfing athletes at the Paris 2024 Olympic Games (14). The four phases of the research model were: (1) explore the current perceptions of elite female surfers’ sprint-paddle ability, (2) examine the key characteristics that result in superior sprint-paddle velocity, (3) execute a tailored training intervention to maximise sprint-paddling performance, and (4) sustain support for and participation in evidence-informed performance practices to provide a legacy for elite female surfing in Australia for decades to come.
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FIGURE 1
The four-phases of Paddle-to-Podium. P1-Phase One, P2-Phase Two, P3-Phase Three, P4-Phase Four.


Underpinning this model, was a multi-layered theoretical framework, integrating systems theory and ecological dynamics to comprehensively address the challenge of elite female surfer preparation for Teahupo’o. While systems theory provided the overarching lens to understand the complex interactions and feedback loops between organisations, practitioners, athletes, and support staff (19, 20), ecological dynamics offered a complementary perspective focused on the athlete’s direct interaction with their performance environment (21, 22).


A multi-organizational collaboration

A unique collaborative partnership was established between four world-leading sporting organization (Figure 2). The existing partnership between Surfing Australia and Griffith University provided the foundation for this project. Regular meetings between practitioners and researchers fostered discussions on research, practice, and innovation, facilitating early exploration of the project concept. Key university academics with expertise in female sports performance, skill acquisition, and biomechanics were engaged early in the process to ensure a robust, collaborative and scientifically sound approach across all phases.
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FIGURE 2
A visual representation of the four-organization collaboration approach used in the “Paddle-to-Podium” project.


The collaboration with the Queensland Academy of Sport (QAS) and its Sport Performance Innovation and Knowledge Excellence (SPIKE) research unit was instrumental in advancing the Paddle-to-Podium project. QAS, through SPIKE, provided access to advanced equipment and practitioner expertise, enabling refined methodological design and detailed technical analyses. Additionally, SPIKE helped to facilitate the recruitment and training of PhD students, embedding them within a high-performance environment to enhance their practical and research skills. To ensure the long-term implementation of research findings, SPIKE supported the documentation of processes and protocols, establishing a sustainable framework for ongoing innovation in female surfing performance. This strategic collaboration with SPIKE was critical in bridging research and practice for lasting impact.

Finally, as a NSO it was important to collaborate with the Australian Institute of Sport (AIS), a division of the Australian Sports Commission that provides world-class support to athletes and performance staff at a national level. It was identified that the research, innovation and technology department at the AIS, consisted of key personnel with expertise in sports engineering which was seen as advantageous to this project in relation to surfboard design and its interplay with sprint-paddle performance. Furthermore, they acted as a conjugate to innovative private industry partners that demonstrated the alignment with the project requirements.



Building the team

A multi-disciplinary team is defined as an integration of several specialized disciplines working together and focused on solving one common problem (23). These specialized disciplines were reflected in the “Paddle-to-Podium” team that was formed, of which the key positions across the four organizations are highlighted in Figure 3.
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FIGURE 3
The “Paddle-to-Podium” team that was established to ensure the right capabilities and skill sets were available to the research project.



Project leadership

The leadership team consisted of a senior academic, post-doctoral research fellow and research-practitioner. The senior academic’s primary research focus was on female athlete performance, with prior publications in surfing (24, 25). Furthermore, the senior academic had extensive experience in the supervision of multiple post-doctoral fellows and PhD scholars. The post-doctoral research fellow was recruited to contribute to the intellectual thrust of the project, with a strong research background, inclusive of projects undertaken in high-performance surfing (26). Finally, the research-practitioner, who held a PhD in the sex-based differences in physical performance characteristics of elite surfers, was embedded within the research setting.



Scholars

Two PhD scholars were recruited and embedded within the NSO Surfing Australia. The scholars were enrolled at Griffith University, supported by the SPIKE research unit at QAS. The scholars were selected due to the expertise in biomechanics and skill acquisition, with each driving Phases 2 and 3, respectively.



High-performance team

Surfing Australia’s high-performance team is divided into two pillars; coaches and performance support staff, both of whom are overseen by the high-performance director. The head coach and performance support manager were the main conjugate between the surfer and research-practitioner, while aiding in supporting project timelines. Performance support staff inclusive of strength and conditioning coaches, the physiotherapist, performance analyst and athlete well-being and engagement were integral to the project’s success, utilizing their niche skill sets and facilitating athlete engagement.



Additional

Several key academics in applied biomechanics and skill acquisition from Griffith University and other external universities were targeted to help support the project and co-supervise PhD scholars. An Australian Olympic swimming coach from Griffith University was also engaged for Phases two and three of the projects, applying their expertise in the technical training of elite swimmers. This coach was part of the Gen32 coach initiative, supported by the QAS and AIS (27).




Athlete recruitment and participation

Recruitment was restricted to athletes categorized by Surfing Australia as either; highly-trained/National level (Tier 3), elite/International level athletes (Tier 4), or world-class (Tier 5) (28). Strategically, Tier 3 athletes were prioritized for piloting the intervention and conducting reliability testing of methodologies, as their larger sample size provided a robust foundation for these preliminary phases. Conversely, Tier 4 and 5 athletes—those targeted for Olympic selection—were prioritized for biomechanical analysis of paddling technique and tailored training interventions. This recruitment strategy offered several advantages (1). Availability—Tier 3 athletes, with less demanding competition schedules, were more readily available for reliability testing, (2). Minimized load—Limiting physical and psychological demands on Tier 4 and 5 athletes prevented overload during critical preparation periods, and (3). Pilot data utilization—Insights from Tier 3 athletes were used to refine protocols and improve the recruitment success of Tier 4 and 5 athletes, in later phases of the research. Finally, it is well documented that performance measures at lower levels of competition (e.g., Tier 3) typically exhibit greater within-subject variability (29). If the testing protocols demonstrated acceptable reliability with Tier 3 athletes, confidence in their applicability to Tier 4 and 5 athletes was significantly strengthened.





Results

The following section details the four-phase methodological framework applied to the “Paddle-to-Podium” project. Each phase was designed with a clear aim, employing specific methods to generate key findings that not only addressed the immediate objectives of that phase but also informed and shaped the direction of the subsequent phases.


Phase one: explore

Phase One aimed to explore the importance of sprint-paddling and more specifically its technique to female surfing performance. Understanding the importance of collecting valid data for the foundational phase, elite Australian surfers, surf coaches and performance support staff (i.e., strength and conditioning coaches, physiotherapists and psychologists) were interviewed using a semi-structured format (30). The primary objective was to gather insights and perspectives on sprint-paddling, while ensuring engagement with the key stakeholders from the start of the project. As such, early and strategic engagement ensured that all stakeholders were actively involved in designing and articulating the research question, resulting in a collaborative co-design approach. Through the thematic analysis of semi structured interviews, the key themes pertaining to sprint-paddle performance of elite surfers were identified and used to inform Phase Two and Phase Three. These themes included, a surfer’s paddling technique, position on the surfboard and their strength and mobility and guided the technique analysis and training interventions implemented in subsequent phases (Phase Three).



Phase two: examination

The primary purpose of this phase was to examine the key characteristics of sprint-paddling technique that are associated with superior sprint-paddling performance. The insights gathered from semi-structured interviews with key stakeholders were analysed and used to identify the primary components of sprint-paddling technique considered essential by experts in the sport.

The initial component of this phase, aimed to examine the reliability of two different sprint-paddling assessments. Specifically, the two assessments were adapted from previously reported protocols that were reliable and valid and had been used extensively in both swimming and surfing research (31–33). This ensured that the specific protocol selected would be the most appropriate to detect meaningful performance changes in the intervention studies. A 12 s tethered test was implemented to measure sprint-paddling force production, while a 15 m sprint-paddle test was applied to measure 5 m, 10 m and 15 m split times. Both tests demonstrated good to excellent intra-session and inter-session reliability for average force and sprint-paddling split times, respectively (ICC = 0.76–0.97). Importantly, this phase had the greatest reliance on the state support partner (QAS), with the experience and knowledge of the QAS leveraged to optimize the assessment of sprint-paddling technique during the 15 m sprint paddle assessment, whilst ensuring best practice protocols were adhered to.

The key components of the assessment battery focused on evaluating the contribution of physical capacities (shoulder function and maximal shoulder strength) (34), equipment design, kinanthropometry (35), and technique (spatiotemporal characteristics) to sprint paddling performance in female surfing athletes. This broad evaluation of potential factors eliminated bias in subsequent interventions and introduced a novel focus on the interaction between surfboard design and performance, engaging typically overlooked stakeholders such as board shapers. However, the spatiotemporal analysis yielded the most meaningful and modifiable outcomes, identifying key variables that could be targeted within a technique focused intervention to enhance sprint-paddling performance in phase 3. In summary this phase achieved its intended aims, identifying the key characteristics related to sprint paddle performance through the application of valid and reliable assessments.



Phase three: execution

Phase Three of this project focused on formulating and implementing the targeted technique training interventions aimed at enhancing the sprint-paddling performance of elite female surfers. Although a randomized control trial is considered the gold standard for research methodology, implementing them in elite athletic populations is inherently difficult due to athlete availability and sample sizes, the inability to effectively blind the athletes and researchers, and to ethically ensure that all athletes are exposed to the hypothesized “best” intervention. As outlined, a solution to balance efficacious research (does the intervention work?) with effective research (does the intervention work in practice?) is imperative (36). As a result, this phase adopted two different research methodologies, to ensure both rigorous and applicable research outcomes in a real-world setting.

The first intervention employed was a six-week, group-based training study involving Tier 3 female surfers as participants. This intervention focused on sprint-paddling technique adopting a constrains led approach to modify spatiotemporal stroke characteristics. It also incorporated a 6-week control period that preceded the training, followed by a 6-week retention period to assess whether changes in performance were sustained. The second methodology involved a single subject case study in a recently retired (within 12-months) Tier 5, elite female surfer. This case study involved a two-week intensive training period, which aligned with the typically limited timeframe available for targeted exercise-based interventions between competitions. The duration was also representative of the duration between when the Olympic event would occur following a World Championship Tour event. Importantly, these two methodological approaches aligned with the coaching and training prescription environment for these athletes. Specifically, Tier 3 athletes typically undertake individual performance planning, yet will be coached in a group setting, with some degree of individualization. Conversely, Tier 5 surfing athletes are coached on an individual basis and are prescribed highly individualized training programs.

The successful implementation and improvement of sprint-paddle performance outcomes across both research methodologies led to the adoption of the evidence-informed paddle technique training program by female Olympic surfers in preparation for the Paris 2024 Olympics. More specifically, one female Olympian outlined her want to focus on this during her pre-Olympic off-season completing a structured sprint-paddle training program under the guidance of Olympic swim coach and PhD Scholar. The rationale for the athlete’s willingness to adopt the program was three-fold. First, she recognised the critical role of sprint-paddling in her potential Olympic success and had consistently expressed this priority since the project’s inception. She had been invested in the process from the outset, though initially unsure how the research team could specifically enhance her sprint-paddling performance. Second, the athlete was able to be confident in both the assessment protocols and the performance data provided to her during Phase 2. Finally, following Phase 3, the athlete observed improvements in a peer of comparable elite status and received positive qualitative feedback from that participant, further reinforcing the program’s perceived value.



Phase four: sustain

Phase Four aimed to strategically integrate the methodological approaches of phases two and three into daily training environment at Surfing Australia. This was achieved by establishing a national testing protocol with benchmarks for the sprint-paddle performance and the measures that were identified as significantly related to this performance, such as sprint-paddle technique. Furthermore, by ensuring constant stakeholder engagement throughout each phase, the technical sprint-paddling factors, and subsequent training interventions became regular training modalities within the daily training environment, facilitated by the surf coaches and strength and conditioning practitioners. These technique interventions are currently being implemented from the grass roots programs through to the elite athletes, highlighting “Paddle-to-Podium”s’ long-term integration and impact of applied research.




Discussion

“Paddle-to-Podium” was a four-phased applied research project, integrating both science and practice to maximise enhance sprint-paddling performance at the Paris 2024 Olympic Games. The innovative research model aimed to enhance the opportunity for competitive success of elite Australian female surfers on the world stage. The success of which was evident, through both quantitative and qualitative performance results, strong buy-in from the world best female surfers, and the sustained impact of projects findings across the performance pathway. Furthermore, it has established a blueprint for researchers, practitioners and high-performance teams to enhance applied research translation across other high-performance sports.

The success of this project began from its inception, with the athlete identifying the “problem” and the sport posing the research question to the academics, as well as both State and National governing bodies. This led to the creation of key pillars to drive project outcomes. Firstly, it fostered strategic and targeted collaborations with organisations and leading experts, ensuring the right individuals were positioned in the right roles. It ensured consistent and authentic stakeholder engagement to maximise translational impact over a sustained period, forming long-standing and trusting relationships. It implemented an applied research framework that met high-quality research standards, while balancing the needs and realities of the high-performance daily training environment.

Phase One was instrumental in uniting all stakeholders as part of a multidisciplinary team and organically removed hierarchical structures. Based on the authors’ experience, it was frequently observed that any perception of a hierarchical structure between surf coaches, sports scientist and academics had created substantial barriers to project completion and the effective translation of research outcomes to the athletes. Moreover, research has shown how hierarchies in sport science can limit knowledge transfer by creating disciplinary silos (37). Through completing interviews with all key stakeholders, knowledge transfer was optimised and all stakeholders input valued.

Phase Two was able to analyse a broad range of factors that were associated with sprint paddle performance, through the application of reliable and valid methodologies. Although sprint-paddle technique became a focus, the other innovative and novel areas examined provide a sound foundation for further research in this area. Specifically, the interaction between athlete, their equipment and sprint-paddling performance has become a topic of conversation that is changing the landscape of surfboard shaping for females. This is something that has been observed in other sports like Tennis where equipment (i.e., string tensions, racket face size) is adjusted to an athlete’s style, strength and/or anthropometry (38).

Phase Three was unique in that it adopted a dual-method approach. In recognizing the difficulty in conducting research on truly elite populations, this approach to data collection was crucial in facilitating the progression of this project. The use of single subject case studies in elite sport has become increasingly popular (39–42), as it is pragmatic for high-performance practitioners and demonstrates high ecological validity with the typical training environment. Halperin (42) also acknowledges that case studies can help bridge the research to practice gap and can aid in strengthening relationships between scientists and coach. This was evident in “Paddle-to-podium”, with the results of the case study becoming the catalyst for Olympic athlete and coach buy-in.

Phase Four outlined qualitative sustainable outcomes that this project and research model has created. The application of translational research within a high-performance setting is imperative to ensure that knowledge is gained, and the potential performance advancements are maintained and further progressed. Continuous engagement throughout the project ensured that surf coaches and strength and conditioning staff are confidently implementing the training methods as routine practice—securing the project’s sustainability.

It would be remis not to acknowledge this in one of the few applied research projects in the literature that focuses solely on the elite female athlete. The underrepresentation of research on female surfers reflects a broader trend within sports science literature concerning female athletes. In 2012, the proportion of female-focussed research in the British Journal of Sports Medicine, American Journal of Sports Medicine, and Medicine and Science in Sport and Exercise was alarmingly low at 5, 2, and 14%, respectively (43). A decade later, in 2022, these numbers showed only marginal improvement, rising to 7, 3, and 14% (44). Moreover, research on female athletes has predominantly focused on injury risk and incidence, particularly anterior cruciate ligament injuries (45, 46), the female athlete triad (47, 48), and more recently the menstrual cycle (49, 50). In contrast, studies focusing on enhancing the athletic performance of female athletes remain scarce. Encouragingly, a growing number of researchers are working to shift this historical narrative (51–54). Sonnier et al. (55) found that studies with female first authors were over four times more likely to focus exclusively on female athletes, while senior female authors were twice as likely to do so. This was mirrored in the current female centric research team, who possessed the expertise and passion to drive female performance at the elite level.

In summary, “Paddle-to-Podium” demonstrated that when research is embedded into practice with precision, intention and collaboration, it can create an immediate competitive edge while establishing a sustainable model for success in high-performance sport. This paper presents a methodological research approach designed to address these critical performance challenges at the most elite level of female sport. The “Paddle-to-Podium” project was successful in enhancing sprint-paddling performance in elite Australian female surfers, providing a legacy for years to come.
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