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Purpose
Two experiments were conducted to determine the construct and concurrent validity of a commercial kayak paddle shaft power meter (OGL) for measuring force and power output in female sprint kayakers.
Methods and Results
Construct validity: Seven female participants used the same OGL paddle to complete 30 s trials at different stroke rates (60, 80, 100, maximum strokes per minute) while a global positioning system measured kayak velocity. Regression analysis provided a large coefficient of determination (R2≥0.83) between mean power and mean velocity (f(x) = 6.892 × 3). Concurrent validity: Two known weight combinations were used to calibrate the paddle (wide range: 51.5–394.9 N; narrow range: 100.6–247.7 N), whereas both left and right sides of the shaft were statically loaded eight separate times with known weights (51.5 N–394.9 N at 49.1 N intervals) to test its concurrent validity. The right side of the shaft had proportional bias (p < 0.001) and the left side of the shaft had fixed bias (65.7 ± 21.1 N, p = 0.017) when calibrated with a narrow range. Neither shaft side had proportional bias, but both shaft sides had small, fixed biases (left: 18.3 ± 7.4 N, p = 0.043; right: 9.3 ± 3.0 N, p = 0.018) when calibrated with a wide range.
Conclusion
The study establishes that even though the OGL reports power values that appear to have construct validity up to 4.6 m s-1, calibration with a range of weights that encompasses the projected applied forces is needed to improve the accuracy of the force measurement, and thus the power calculation, by the OGL.
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1 INTRODUCTION
As innovative technology becomes available, on-water measurement of paddle forces and power are becoming popular in sprint kayaking. These measurements are highly beneficial to performance evaluation because they quantify the mechanical workload required to be successful, while other external variables may be affected by changes in the environment (i.e., velocity, stroke rate (SR), etc.) (Hogan et al., 2020a). Power output is often measured in other cyclical sports; however, it remains uncommon in on-water sprint kayaking even though average power output is related to an increase in sprint kayaking performance on a kayak ergometer (Bishop et al., 2002; Michael et al., 2008; 2009), most probably because of the higher complexity of the paddling movement (McDonnell et al., 2013). However, there is a need to measure power output to help coaches and athletes determine workload while training. Researchers and practitioners have been searching for a tool to measure on-water propulsive forces from a kayak paddle since at least the 1980s (Aitken and Neal, 1992; Bonaiuto et al., 2020; Gomes et al., 2015; Kong et al., 2020; MacDermid and Fink, 2017; Romagnoli et al., 2022; Stothart et al., 1986a; Stothart et al., 1986b). There have been many iterations of instrumented paddles and power meters, but no single paddle is widely accepted as a gold standard. One study suggested that a lack of products available with an “acceptable level of validity”, below 5% measurement error (Brosnan et al., 2021; Crang et al., 2021), was the primary reason (McDonnell et al., 2013). For the interpretations of values from a measurement system, and inferences based on these measurements to be meaningful, it is critical that the evaluation measures demonstrate acceptable validity and reliability. There are several types of measurement validity, and this research focuses on construct and concurrent validity. Establishing the degree to which a measure assesses the hypothetical construct it is intended to reflect is central to construct validity. Whereas, comparing the measured values to a known “gold standard” is the tenet of concurrent validity.
Multiple recent studies have used a specific power meter (Kayak Meter Pro, One Giant Leap (OGL), Nelson, NZ) to measure the propulsive force and power of a sprint kayak stroke (Hogan et al., 2020a; Hogan et al., 2020b; Hogan et al., 2021; Kong et al., 2020; Macdermid et al., 2019; Winchcombe et al., 2019). The OGL paddle has six strain gauges and an inertial measurement unit, which calculate force output and power using proprietary algorithms (Winchcombe et al., 2019). The exact use of the paddle varies between studies, but it is commonly used to monitor training load, physiological testing (Hogan et al., 2021; 2020b; 2020a; Macdermid et al., 2019; Winchcombe et al., 2019), and/or kayak stroke kinetics (Kong et al., 2020). Macdermid and Fink (2017) established the construct validity of the OGL paddle by comparing its measurements to the cubic relationship between power output and velocity in aquatic locomotion (Barbosa et al., 2010; Di Prampero et al., 1974; Michael et al., 2009). This relationship can be explained further by reducing the equation of power. To increase kayak velocity, the kayaker must overcome the hydrodynamic drag forces resisting the athlete kayak system; therefore, increasing the overall power output. Since power is equal to force multiplied by velocity, we can substitute drag force into the equation. Drag force (DF) is equal to Equation 1,
DF=12ρAKv2(1)
where ρ is equal to water density, A is kayak surface area, K is drag coefficient and v is velocity. By multiplying both sides of the equation by v, power (P) becomes Equation 2,
P=12ρAKv3(2)
Which makes it proportional to velocity cubed (Macdermid and Fink, 2017).
Unfortunately, the study looked at the power meters in slalom kayak training, and thus may not be transferable to elite level sprint kayaking (Hogan et al., 2020a; Hogan et al., 2020b; Hogan et al., 2021; Kong et al., 2020; Winchcombe et al., 2019). For example, the low on-water paddling velocities collected during their validation (i.e., maximum velocity of 2.49 m s-1) are well below that of race velocities for female 200 m sprint kayakers (4.95 ± 0.46 m s-1) (Goreham et al., 2021). Furthermore, the study used a narrow range of known forces during their experiment, with only three known weights tested to a maximum of 155.9 N. This amount of force is significantly lower than the mean peak forces applied to the water by elite sprint kayakers at velocities of 4.14 ± 0.25 m s-1 (301.1 ± 23.1 N) (Bonaiuto et al., 2020).
The purpose of this study was to determine the OGL power meter measurement validity for on-water sprint kayak. The first experiment extended the construct validity of the OGL power meter by including velocities that are comparable to levels found in sprint kayak. It was hypothesized that the OGL paddle’s mean power output would have a strong cubic relationship with mean kayak velocity. If found to have acceptable construct validity, a second experiment determined the concurrent validity of the paddle force measurements. It was hypothesized that the OGL paddle’s force outputs would not be significantly different from applied known weight forces. Finally, a supplementary data acquisition was carried out to determine if a wider range of calibration weights would provide better concurrent validity than the suggested range of calibration weights.
2 MATERIALS AND METHODS
2.1 Construct validity
2.1.1 Participants
Seven elite (Canadian national level and above) female sprint kayak athletes (21.6 ± 4.6 years old, 1.69 ± 0.04 m, 66.8 ± 5.4 kg, 12.7 ± 5.1 years of kayaking experience) participated in the construct validity portion of the study. All participants consented to participating in the study in accordance with Dalhousie University’s Research Ethics Board (No. 2020-5127).
2.1.2 Experimental protocol
Data were collected on a marked 1,000 m sprint kayak racecourse with participants using their personal kayaks and a short, stiff OGL power meter (Gen 2.1) with Brača IV (765) blades. Prior to testing the distances between the blade tips and middle knuckles of each hand, blade tip to blade tip, blade tip to shaft datums (marks provided by the manufacturer on the paddle shaft), the blade twist, and the blade type were recorded in the OGL web application. The calibration process consisted of three steps. The first step recorded the output of the load cells during an unloaded condition (leaning vertically against a wall). For the second step, the paddle was placed horizontally on two thin (width: 0.3 m) support surface, one located in the middle of the right blade and the second located at the approximate location of the top hand (left hand, Figure 2A). Known weights (i.e., 100.6 N and 247.7 N) were hung at the approximate location of the bottom hand (right hand) as per the manufacturer’s guidelines and load cell outputs were recorded. The third step consisted in replicating the second step using the left blade and location of the right hand for the location of the fulcrums and the location of the left hand for the location of the calibration weights. The recorded data was used to generate the OGL power meter load cells scale factors.
The experimental protocol began with a 10 min, individual-led warm-up, followed by a 5-min rest period. The participant then completed four, 30-s trials. One for each of four different SRs (random order: 60 strokes per minute (spm), 80 spm, 100 spm, and maximum spm), with a 3-min rest period between trials (Figure 1A). These SRs were selected as they are often used in training (60 spm, 80 spm) and in competition (100 spm, maximum spm). Participants started the trial from a static position and were instructed to increase their SR slowly until they reached the intended trial SR (within 10 s). The average SR during the final 20 s of the trial was required to be within ±5 strokes per minute of the intended SR to be analyzed.
[image: Diagram and charts outlining a study on paddling trials. Panel A depicts a timeline of randomized 30-second trials, including warm-up, rest periods, and stroke rates from sixty to maximum strokes per minute. Panel B shows a scatter plot of mean power versus mean velocity for combined shafts with the trend line equation \( y = 6.892x^3 \), \( R^2 = 0.83 \). Panel C presents similar data for left and right shafts, with equations for left shaft \( y = 7.104x^3 \), \( R^2 = 0.85 \) and right shaft \( y = 6.681x^3 \), \( R^2 = 0.75 \).]FIGURE 1 | (A) The experimental protocol for the construct validation portion of the study. SR, stroke rate; spm, strokes per minute; min, minutes. Mean velocity vs mean power outputs measured from (B) the average of all ten strokes (circles) and (C) the right (squares) and left (triangles) shaft sides, separately. Red and blue lines indicate the cubic function’s line of best fit for the right and left sides of the shaft, respectively. Dotted lines indicate 95% confidence bands. R2, coefficient of determination; W, watts; m•s-1, meters per second.All data were collected in calm environmental conditions (15.8°C ± 3.5°C air temperature, 14.3°C ± 2.1°C water temperature, 0.73 ± 0.51 m s-1 tail wind). Data collection in similar environmental conditions reduced the effect of wind and water temperature on the variability of the measurement properties. OGL paddle data were collected using a Samsung Galaxy Tab S2 tablet with OGL’s web based software. Force and power output from the paddle was measured at 50 Hz during each stroke’s water phase. Kayak velocity data were collected for each trial using an inertial measurement unit (IMU; LMS330DL, STMicroelectronics©, Indiana, United States) with a 5 Hz GPS/GNSS module. The IMU was attached to the kayak using Velcro on the midline of the longitudinal axis of the boat, 0.15 m posterior to the kayak’s cockpit. The IMU contained a tri axial accelerometer measuring acceleration at ±2 g over a full-scale dynamic range. Accelerometer data were sampled at 50 Hz and peak detection algorithms were used to calculate SR.
2.1.3 Data analysis
Power output data were obtained during ten stroke cycles (i.e., five strokes on the left side and five strokes on the right side) while paddling at the trial’s intended SR. Mean power output was subdivided into three groups: the mean power of ten strokes, and the mean power of five left and five right strokes separately. Mean kayak velocity was calculated by averaging the kayak’s velocity in the forward direction between the catch of the first stroke to the catch of the 11th stroke.
2.1.4 Statistical analysis
The mean stroke power as a function of mean kayak velocity was used to establish the construct validity of the OGL paddle. Based on Equation 2, a cubic regression between mean power output and mean velocity and a y intercept of 0 was calculated for all ten strokes and the left and right strokes separately. A coefficient of determination (R2) was used to determine the goodness of fit for each linear regression (Chicco et al., 2021). Statistical analyses were conducted in GraphPad Prism software (v.9.1.0, GraphPad Software, San Diego, United States).
2.2 Concurrent validity
2.2.1 Paddle calibration procedure
The OGL power meter with Brača IV (765) blades was set up according to manufacturer’s guidelines (i.e., zero offset and scale factor) and calibrated using a narrow and wide weight range. The known weights used for the narrow weight calibration were 100.6 N (10.25 kg) and 247.7 N (25.25 kg), whereas the known weights for the wide weight calibration were 51.5 N (5.25 kg) and 394.9 N (40.25 kg). These weights were chosen to represent the suggested weights from OGL (narrow eight calibration) and forces that have been recorded in sprint kayaking (Bonaiuto et al., 2020). The paddle shaft was placed horizontally on two fulcrums with one fulcrum supporting the top hand position and the other fulcrum supporting the blade centre. Weightlifting plates were suspended at the bottom hand position with a small rope and metal carabiners (mass: 0.25 kg). Measurement lengths of 0.880 m, 0.345 m, 0.240 m, 1.330 m, 0.780 m, and 2.110 m were used for the blade tip to datum, datum to datum, blade tip to blade support, blade tip to shaft support, blade tip to calibration weight, and blade tip to blade tip, respectively. The blade twist was set to 60˚ right hand twist for both validations. All measurements were recorded in the OGL web application.
2.2.2 Experimental protocol
Concurrent validation testing of the OGL power meter was conducted on both the right and left shaft sides, after each (narrow and wide) calibration procedures. Eight known weights (ranging from 51.5 N to 394.9 N, separated by 49.1 N increments) were hung at hand positions on both right and left shaft sides in a randomized order (Figure 2A). The weights were suspended using the same attachment system and locations used during the calibration procedure. All trials were recorded at 50 Hz and for 10 s.
[image: A montage of images and graphs analyzing force measurement. Panel A shows an experimental setup with weights suspended from a pole balanced on hurdles. Panels B and C display scatter plots of measured versus known force for narrow range, right and left, with fit lines and equations. Panels D and E show similar graphs for wide range. Panels F and G are Bland-Altman plots for narrow range, showing differences versus average force. Panels H and I show similar Bland-Altman plots for wide range. Graphs display data points, fit lines, and confidence intervals.]FIGURE 2 | An example of the concurrent validation experimental setup. (A). An example of the concurrent validation experimental setup. Linear regression data Panels (B–E) and Bland-Altman method of differences data Panels (F–I) between known forces and OGL-measured forces for the left and right shaft sides for both calibrations (narrow force range: 100.6 N–247.7 N, and wide force range: 51.5 N–394.9 N). The only calibration condition that shows a proportional bias is for the right shaft when using a narrow range of calibration Panel (F). The narrow range of calibration shows a positive fixed bias Panel (C) whereas the wide range of calibration shows a negative fixed bias Panel (H–I). a, y-intercept; b, slope; numbers in parentheses, 95% confidence intervals (CI).2.2.3 Statistical analysis
A linear regression was completed between the measured OGL paddle forces and the applied known weights (i.e., criterion measure). The linear regression’s coefficient of determination was calculated for the left and right shaft sides and calibration type. Bland Altman method of differences analyses was completed to determine if fixed and proportional bias were present in the force measurements (Ludbrook, 2010). The presence of proportional bias was determined by using an ordinary least square regression (OLS) and using an F test to determine if the slope of the method of differences data was significantly different than ‘0’. If proportional bias was present, then fixed bias was determined using an F test to establish if the y-intercept of the OLS regression between methods was different from ‘0’ (Ludbrook, 2010). If there was no proportional bias, then fixed bias was determined using a one-sample t-test comparing mean difference between methods data to ‘0’, and effect sizes were measured using partial eta squared (η2) (Ludbrook, 2010). Bland Altman analyses were conducted in GraphPad Prism. All datasets were confirmed to follow normal distributions based on D’Agostino Pearson normality tests. Statistical significance (critical α) was set at 0.05.
3 RESULTS
3.1 Construct validity
The on-water construct validity experiment results for mean SR, velocity, force, and power output for all strokes, and left and right shaft sides are shown in Table 1. The coefficient of determination (R2) value from the linear regression (cubic relationship: Power = x•v3) between mean paddle power and mean velocity, was 0.83 (individual range: 0.83 to 0.99; RMSE = 70.9; F27,27 = 70.9, p < 0.001) for all ten strokes (Figure 1B) and was 0.85 (RMSE = 68.7; F27,27 = 68.7, p < 0.001) for the left side of the shaft and 0.75 (RMSE = 89.4; F27,27 = 89.3, p < 0.001) for the right side of the shaft (Figure 1C). The coefficient value ±standard error of measurement (SEM) and the 95% confidence intervals (CI) of the combined shaft linear regression equation (x) were 6.892 ± 0.183 (CI: 6.517–7.268). The coefficient values ±SEM (and 95% CI) for the left and right shafts regressions were 7.104 ± 0.177 (CI: 6.740–7.461) and 6.681 ± 0.231 (CI: 6.207–7.154), respectively.
TABLE 1 | Average stroke rate, velocity, force, and power outputs, and maximum force output measured in all and left and right strokes during on-water construct validation.	Variable	60 spm	80 spm	100 spm	Maximum spm
	Stroke Rate (spm)	61.90 ± 1.89	83.02 ± 1.96	101.53 ± 2.78	124.04 ± 12.83
	Velocity (m•s-1)	3.42 ± 0.14	3.89 ± 0.06	4.32 ± 0.08	4.61 ± 0.22
	Mean Power All Strokes (W)	297.7 ± 57.5	416.8 ± 64.2	536.7 ± 93.7	669.4 ± 174.4
	Mean Power Left Strokes (W)	313.4 ± 57.1	434.9 ± 57.8	549.1 ± 100.3	685.1 ± 181.4
	Mean Power Right Strokes (W)	282.0 ± 71.5	398.6 ± 87.7	524.2 ± 105.7	653.7 ± 177.9
	Mean Force All Strokes (N)	168.0 ± 51.8	185.3 ± 55.4	203.4 ± 64.2	207.0 ± 69.4
	Maximum Force All Strokes (N)	270.8 ± 84.8	284.4 ± 86.9	307.7 ± 93.4	320.0 ± 101.6


Mean or maximum ± standard deviation; spm, strokes per minute; m•s-1; Meters per second; W, watts; N, newtons.
3.2 Concurrent validity
The Measured Force as a function of Known Force was represented appropriately by a linear model (Measured Force = x•Known Force + constant; Narrow-Right: F6,6 = 17.9, p = 0.001; Narrow-Left: F6,6 = 55.4, p < 0.001; Wide-Right: F6,6 = 8.6, p = 0.01; Wide-Left: F6,6 = 21.5, p = 0.001). The slopes of the linear regression from the wide weight range calibration were the closest to the optimal slope of 1, with mean slopes ±SEM (and 95% CI) of 0.98 ± 0.03 (CI: 0.91–1.04) for the right side of shaft and 0.95 ± 0.07 (CI: 0.78–1.11) for the left side of shaft (Figures 2D,E). The mean slopes ±SEM (and 95% CI) of the linear regression analyses from the narrow weight range calibration were larger (left side of shaft = 1.25 ± 0.17 (CI: 0.83–1.68); right side of shaft = 1.31 ± 0.06 (CI: 1.17–1.44) than the wide calibration (Figures 2B,C). The mean y intercept values ±SEM (and 95% CI) of the linear regression analyses were 12.73 N ± 14.05 (CI: 47.12 to 21.65) for the right side of shaft and 9.93 N ± 43.29 (CI: 96.0–115.9) for the left side of shaft for the narrow calibration, and 3.75 N ± 6.81 (CI: 20.41 to 12.92) for the right side of shaft and 6.23 N ± 16.9 (CI: 47.59 to 35.12) for the left side of shaft for the wide calibration (Figures 2B–E). The Bland-Altman method of differences identified that the narrow calibration right side of the shaft condition was the only condition to display proportional bias and the only condition to have no fixed bias (Figures 2F–I; Table 2).
TABLE 2 | Bland-Altman method of difference results for known force vs OGL-measured force.	Force Range - Shaft	Proportional Bias	Fixed Bias
	r	b	P(OLS)	Proportional Bias?	Mean Difference ±SEM (N)	95% CI (N)	P(t-test)	ES	Fixed Bias?
	Narrow – Right	0.93	0.27	<0.001	Yes	-	−41.7, 16.6	0.397	-	No
	Narrow – Left	0.66	0.28	0.076	No	65.7 ± 21.1	15.9, 115.5	0.017	0.58	Yes
	Wide – Right	0.31	−0.02	0.448	No	−9.3 ± 3.0	−16.4, −2.2	0.018	0.57	Yes
	Wide – Left	0.23	−0.04	0.588	No	−18.3 ± 7.4	−35.8, −0.8	0.043	0.47	Yes


Narrow force range, 100.6 N–247.7 N; wide force range, 51.5 N–394.9 N.
a product-moment correlation coefficient; b, ordinary least squares (OLS) slope of the Bland-Altman method of differences plots; P (OLS), P value for the OLS, slope (vs 0); P (t-test), P value for the one-sample t-test on the mean differences or y-intercept (vs 0).
SEM, standard error of mean; CI, confidence interval; ES, effect size; P < 0.05.
Explanation of the 95% CI, column: If proportional bias is present, the 95% CI, column represents the CI, of the y-intercept. If no proportional bias is present, the 95% CI, column represents the mean difference from the Bland-Altman plotand ES, is the partial eta squared.
4 DISCUSSION
This study aimed to validate the OGL power meter paddle because of its increased usage during sprint kayak training (Hogan et al., 2020a; Winchcombe et al., 2019). The results showed that the OGL power meter had both fixed and proportional bias when comparing measured forces to known forces under static loading conditions. However, only fixed bias was present when the paddle was calibrated with a wider calibration range compared to fixed bias or proportional bias when calibrating using a narrower range. Furthermore, the mean difference between the known and measured forces were approximately 3–7 times more when the paddle was calibrated with the narrow range of weights. Therefore, it can be argued that a mean error of approximately 10–20 N is small and can be used by athletes in training. As such, the calibration range should encompass the expected force ranges produced by the athletes being tested. Although the results showed the OGL paddle to have both construct and concurrent validity (when calibrated with a wide range of forces), it also showed the importance of considering the calibration procedures prior to collecting data with athletes.
The results from this study also showed that there was a strong cubic relationship between the OGL paddle’s mean power output and the athlete’s mean kayak velocity during on-water testing. This strong cubic relationship has a significant implication for elite-level sprint kayaking since for higher boat velocities, a small increment in boat velocity requires an increasingly larger increase in power. However, an important concept to consider is the construct validity does not validate the absolute power values. The construct validity results indicate that the OGL power meter results match what is expected from the cubic power-velocity relationship. Based on the concurrent validity results, if the power meter is not calibrated with an appropriate range of weights, the measured forces may have a large bias. Since power is calculated from the measured forces, the power measurements will also be biased. This concept is also relevant for the research by Macdermid and Fink (2017).
This study conducted similar concurrent and on-water construct validation protocols as Macdermid and Fink (2017). A crucial difference between studies was the inclusion of elite female sprint kayakers during the on-water construct validity assessment. For example, they showed the OGL paddle was a tool that showed construct validity for the measurement of mean power output while paddling at low kayak velocities (i.e., <2.5 m s-1), whereas our study showed the OGL paddle showed construct validity at higher velocities and for female sprint kayakers (i.e., between 3.42 ± 0.14 and 4.61 ± 0.22 m s-1) (Macdermid and Fink, 2017). Secondly, the coefficient of determination of the cubic relationships between mean power output and mean kayak velocity was greater in their study (R2 = 0.98) compared to the current study (R2 = 0.83). The difference between studies may be due to the number of participants tested. Our study tested seven elite female sprint kayakers, whereas their study tested a single male participant. Other factors that may have influenced the coefficient of determination differences may have been the athlete’s kayaking technique and anthropometrics. The current study is an extension of the previously published data, as the OGL paddle’s power output is now validated to velocities more appropriate to elite sprint kayakers (approximately 4.6 m s-1). Future research should investigate this relationship for paddling velocities reaching at least 6 m s-1 to include performances from male sprint kayakers (5.81 ± 0.54 m s-1; elite male K1 200 m sprint kayakers) (Goreham et al., 2021).
The current study and Macdermid and Fink (2017) both used static known weights to assess concurrent validity; however, the current study had eight weight trials and a larger maximal weight (394.9 N) compared to three known weights and a maximum weight of 155.9 N (Macdermid and Fink, 2017). These differences may explain why they identified a strong relative agreement between the known and measured forces with mean difference errors between 0.12% and 1.4%, while the current study identified greater absolute mean differences (Table 2) (Macdermid and Fink, 2017). In relative terms, the mean difference errors in the current study were between 0.9% and 11.7% for the right side of the shaft and 2.3%–23.4% for the left side of the shaft. Although no analytical goal was chosen for this study, multiple studies investigating other technology’s validity (e.g., IMU and GPS) have stated a mean percentage difference less than 5% is good, whereas percentages between 5% and 10% are moderate, and any value above 10% is poor (Brosnan et al., 2021; Crang et al., 2021). Again, it is suggested users of the OGL power meter calibrate their paddles with a range of forces equal to that of the kayakers they are testing.
An example of the importance of properly calibrating the OGL paddle prior to use was noticeable in a recent publication that measured bilateral force asymmetries while sprint kayaking in crew boats (Kong et al., 2020). The article presented a figure where raw force asymmetries of approximately 50–100 N were evident. The result from our study gives confidence that the OGL paddle can provide mean force differences of approximately 10–20 N under static loading conditions. By increasing the calibration force range, we saw the absolute mean difference of the left side of the shaft drop from 65.7 ± 21.1 N to 18.3 ± 7.4 N. Although no information was presented about how calibration was completed in the Kong et al. (2020) study, if they calibrated with a narrow range then their asymmetry observations may have been the biproduct of absolute mean difference errors rather than true athlete asymmetry. This further suggests the importance of internally validating equipment to ensure athlete recommendations to coaches are accurate (Brosnan et al., 2021).
4.1 Limitations
There were two study limitations from a statistical analysis perspective. First, an a priori sample size calculation was not completed, which provides the possibility of having an underpowered study that generated inappropriate estimation of the variance of the outcome variables (for example, the mean difference from the Bland-Altman method). Second, the residuals from the left shaft power measurements did not follow a normal distribution; therefore, a robust regression was also conducted on these data. The coefficient of the cubic function for the left shaft changed from 7.104 (linear regression) to 7.155 (robust regression). Since the robust regression coefficient was well within the confidence intervals of the linear regression (i.e., 6.740–7.461) the difference was not deemed to have a large effect on the overall results of the study. Finally, all participants used one OGL paddle with one set of blades, to which some athletes may not have been accustomed. However, all athletes were given ample time to warmup with the paddle before completing the trials, and no athlete stated it was difficult to paddle with the OGL paddle. Due to these reasons, we do not believe the paddle characteristics affected the results. However, by testing one OGL paddle during this experiment it introduced another limitation to the research, which was that only female athletes were studied. Due to the shorter length of the paddle, it typically only allowed for females to be tested. Although we do not expect to more differences when male sprint kayakers are tested, we have demonstrated the need to calibrate the instrument in the range of forces to be experienced. As such the range of weights for the calibration needed for male sprint kayakers may be different, but the principle remains the same.
4.2 Conclusion
The sport of sprint kayaking is long overdue for the power meter and force paddle technology. Currently it is common for training to be prescribed using stroke rate, distances, time, and heart rate, which are all metrics that can be affected by external factors, like the environment. By measuring power output or the paddle forces from the athlete while training the coach can determine the exact workload their athletes are enduring irrespective of the weather.
Other uses for power and force output on-water are for physical testing and development, as well as technique analysis. Strength and conditioning are a very important aspect of sprint kayaking, as all athletes are trying to increase their strength and speed capabilities while on water. Being able to measure the amount of force an athlete applies to the water, and how quickly they apply it will directly influence how their off-water training should be optimized.”
From a technical standpoint, measuring the physical output of the paddler on water allows coaches to obtain instantaneous feedback on how technique changes are influencing the athlete’s performance. This is a feature that has been missing from sprint kayaking, but is present in other sports (i.e., rowing).
In conclusion, the study establishes that even though the OGL reports power values that appear to have construct validity up to 4.6 m s-1, calibration with a range of weights that encompasses the projected applied forces is needed to improve the accuracy of the force measurement, and power calculation, by the OGL.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving humans were approved by Dalhousie University’s Research Ethics Board. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
JG: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Validation, Visualization, Writing – original draft, Writing – review and editing. ML: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. The authors would like to acknowledge funding from Mitacs (Accelerate Fellowship), Own the Podium (Innovations 4 Gold program), and the Nova Scotia Graduate Scholarship.
ACKNOWLEDGMENTS
The authors would like to thank the athletes who participated in this study, and Will George from the Canadian Sport Institute Ontario for his support with equipment.
CONFLICT OF INTEREST
The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
REFERENCES
	Aitken D. A., Neal R. J. (1992). An on-water analysis system for quantifying stroke force characteristics during kayak events. Int. J. Sport Biomech. 8, 165–173. doi:10.1123/ijsb.8.2.165

	Barbosa T. M., Bragada J. A., Reis V. M., Marinho D. A., Carvalho C., Silva A. J. (2010). Energetics and biomechanics as determining factors of swimming performance: updating the state of the art. J. Sci. Med. Sport 13, 262–269. doi:10.1016/j.jsams.2009.01.003

	Bishop D., Bonetti D., Dawson B. (2002). The influence of pacing strategy on VO2 and supramaximal kayak performance. Med. Sci. Sport. Exerc. 34, 1041–1047. doi:10.1097/00005768-200206000-00022

	Bonaiuto V., Gatta G., Romagnoli C., Boatto P., Lanotte N., Annino G. (2020). A pilot study on the e-kayak system: a wireless DAQ suited for performance analysis in flatwater sprint kayaks. Sensors Switz. 20, 542–17. doi:10.3390/s20020542

	Brosnan R. J., Watson G., Stuart W., Twentyman C., Kitic C. M., Schmidt M. (2021). The validity, reliability, and agreement of global positioning system units — can we compare research and applied data? J. Strength cond. Res 36, 3330–3338. doi:10.1519/JSC.0000000000004139

	Chicco D., Warrens M. J., Jurman G. (2021). The coefficient of determination R-squared is more informative than SMAPE, MAE, MAPE, MSE and RMSE in regression analysis evaluation. PeerJ Comput. Sci. 7, e623–e624. doi:10.7717/PEERJ-CS.623

	Crang Z. L., Duthie G., Cole M. H., Weakley J., Hewitt A., Johnston R. D. (2021). The validity and reliability of wearable microtechnology for intermittent team sports: a systematic review. Sport. Med. 51, 549–565. doi:10.1007/s40279-020-01399-1

	Di Prampero P. E., Pendergast D. R., Wilson D. W., Rennie D. W. (1974). Energetics of swimming in man. J. Appl. Physiol. 37, 1–5. doi:10.1152/jappl.1974.37.1.1

	Gomes B. B., Ramos N. V., Conceição F. A., Sanders R. H., Vaz M. A., Vilas-boas J. P. (2015). Paddling force profiles at different stroke rates in elite sprint kayaking. J. Appl. Biomech. 31, 258–263. doi:10.1123/jab.2014-0114

	Goreham J. A., Miller K. B., Frayne R. J., Ladouceur M. (2021). Pacing strategies and relationships between speed and stroke parameters for elite sprint kayakers in single boats sprint kayakers in single boats. J. Sports Sci. , 1–8. doi:10.1080/02640414.2021.1927314

	Hogan C., Binnie M. J., Doyle M., Lester L., Peeling P. (2020a). Heart rate and stroke rate misrepresent supramaximal sprint kayak training as quantified by power. Eur. J. Sport Sci. 0, 656–665. doi:10.1080/17461391.2020.1771430

	Hogan C., Binnie M. J., Doyle M., Lester L., Peeling P. (2020b). Comparison of training monitoring and prescription methods in sprint kayaking. Int. J. Sports Physiol. Perform. 15, 654–662. doi:10.1123/ijspp.2019-0190

	Hogan C., Binnie M. J., Doyle M., Peeling P. (2021). Mean maximal power from an on-water 1000-m time-trial predicts lactate threshold power in well-trained flat-water sprint kayak athletes. Eur. J. Sport Sci. 22, 549–558. doi:10.1080/17461391.2021.1880648

	Kong P. W., Tay C. S., Pan J. W. (2020). Application of instrumented paddles in measuring on-water kinetics of front and back paddlers in K2 sprint kayaking crews of various ability levels. Sensors Switz. 20, 6317–14. doi:10.3390/s20216317

	Ludbrook J. (2010). Confidence in altman-bland plots: a critical review of the method of differences. Clin. Exp. Pharmacol. Physiol. 37, 143–149. doi:10.1111/j.1440-1681.2009.05288.x

	Macdermid P. W., Fink P. (2017). The validation of a paddle power meter for slalom kayaking. Sport. Med. Int. Open 01, E50–E57. doi:10.1055/s-0043-100380

	Macdermid P. W., Osborne A., Stannard S. R. (2019). Mechanical work and physiological responses to simulated flat water slalom kayaking. Front. Physiol. 10, 260–269. doi:10.3389/fphys.2019.00260

	McDonnell L. K., Hume P. A., Nolte V. (2013). A deterministic model based on evidence for the associations between kinematic variables and sprint kayak performance. Sport. Biomech. 12, 205–220. doi:10.1080/14763141.2012.760106

	Michael J. S., Rooney K. B., Smith R. M. (2008). The metabolic demands of kayaking: a review. J. Sport. Sci. Med. 7, 1–7. 

	Michael J. S., Smith R. M., Rooney K. B. (2009). Determinants of kayak paddling performance. Sport. Biomech. 8, 167–179. doi:10.1080/14763140902745019

	Romagnoli C., Ditroilo M., Bonaiuto V., Annino G., Gatta G. (2022). Paddle propulsive force and power balance: a new approach to performance assessment in flatwater kayaking to performance assessment in flatwater kayaking. Sport. Biomech. 00, 1–14. doi:10.1080/14763141.2022.2109505

	Stothart J. P., Reardon F. D., Thoden J. S. (1986a). Paddling ergometer kinematics of elite kayakers. ISBS Proc. Arch. 4, 125–128. 

	Stothart J. P., Reardon F. D., Thoden J. S. (1986b). A system for the evaluation of on-water stroke force development during canoe and kayak events. ISBS Proc. Arch. 4, 146–152. 

	Winchcombe C. E., Binnie M. J., Doyle M. M., Hogan C., Peeling P. (2019). Development of an on-water graded exercise test for flat-water sprint kayak athletes. Int. J. Sports Physiol. Perform. 14, 1244–1249. doi:10.1123/ijspp.2018-0717


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
Copyright © 2025 Goreham and Ladouceur. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Table of Contents

		Cover

		The One Giant Leap commercial wireless power meter can be used for sprint kayaking with the appropriate calibration		Purpose

		Methods and Results

		Conclusion

		1 INTRODUCTION

		2 MATERIALS AND METHODS		2.1 Construct validity		2.1.1 Participants

		2.1.2 Experimental protocol

		2.1.3 Data analysis

		2.1.4 Statistical analysis





		2.2 Concurrent validity		2.2.1 Paddle calibration procedure

		2.2.2 Experimental protocol

		2.2.3 Statistical analysis









		3 RESULTS		3.1 Construct validity

		3.2 Concurrent validity





		4 DISCUSSION		4.1 Limitations

		4.2 Conclusion





		DATA AVAILABILITY STATEMENT

		ETHICS STATEMENT

		AUTHOR CONTRIBUTIONS

		FUNDING

		ACKNOWLEDGMENTS

		CONFLICT OF INTEREST

		REFERENCES









OPS/images/cover.jpg
& frontiers | Frontiers in Physiology






OPS/images/fphys-16-1461644-g001.jpg
Warm-up (10 min) = Paddling Trial

4 Rest (5 min) \L|® = Rest Period
# ----p SR=60spm
y ‘.!1® Rest (3 min) -
o 7‘ = === SR=80spm ﬁ:’é
E (9] . é 8 %
= \!| Rest (3 min) .§ 2
# ----p SR=100spm e
\Lf’ Rest (3 min)
# = = = = p SR =maximum spm
Combined Shafts
1000
S 800
o
S 600
(e}
o 2
S 400 > X
8 ;
200
y =6.892 x5 R%=0.83
3.0 3.5 4.0 4.5 5.0
Mean Velocity (m*s™)
Left and Right Shafts
__ 1000 7| eft Shaft: a
2 o0 dy=7104x% R2=0.85 '
— a
q;: Oa
3 600 -
o
c
g 400
=

300 Right Shaft:

y = 6.681x% R2=0.75
3.0 3.5 4.0 4.5 5.0

Mean Velocity (m*s™)





OPS/images/fphys-16-1461644-g002.jpg
600
Known Force (N)

B Narrow Range - Right F
Z 600 __200
S £ 150
£ 400 S 100
T [
£ 200 g 0
3 b=131(117,144) E o
3 0 “ a=-12.73 (-47.12, 21.65) G 50—
= 200 400 600 0 100 200 300 400 500
Known Force (N) Average (N)
C Narrow Range - Left G
Z 600 __200
8 £ .
G 400 g 150 .
[ E e B
3 g 100 ¢
5200 b=1.25(0.83,1.68) £ 504 """, Esssssssnssess
g 0 a=9.93(-96.0, 115.9) (= I L N e O
= 5 200 400 600 0 100 200 300 400 500
Known Force (N) Average (N)
D Wide Range - Right H
Z 600 __ 40
8 Z 20
S 400 8
[ c
© [
£ 200 g 20
3 b=0.98 (0.91, 1.04) &£ 49
8 -20.41,12.92) @ 60
= 200 400 600 0 100 200 300 400 500
Known Force (N) Average (N)
Wide Range - Left
E |
% 600 _
3
[z =3
S 400 8
[ c -
g g -20
7 200 —095(078111)35
S -47.59, 35.12) ©
=

0

100 200 300 400 500
Average (N)









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
¥ frontiers | Frontiers in Physiology





