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INTRODUCTION
From a�physiological standpoint, the success of endurance training depends on the manipulation of several key variables, 

including duration, frequency, and—critically—exercise intensity (Seiler, 2010). The implicit objectives of athletic training 

are to maximize performance, minimize the risk of negative outcomes, and ensure peak performance occurs at the right 

time. In endurance sports, intensity is typically de� ned as a�percentage of maximum heart rate, � xed or individualized 

blood lactate or ventilatory thresholds, critical power (CP), various forms of functional threshold power (FTP), or other 

threshold-based markers. However, prescribing training at precise intensity levels is particularly challenging in outdoor 

sports due to the variability of environmental conditions and the dynamic nature of physiological thresholds. As a�result, 

heart rate training zones— speci� c intensity ranges during endurance type physical activity —are commonly used in 

practice to guide the planning, execution, and analysis of endurance training. These zones, however, are often speci� c 

to the modality of movement (Carey et al., 2009) i.e. they di� er based on the type of activity (“sport”).

Ideally, training should be guided by individually determined zones tailored to each athlete‘s physiological pro� le. 

Evidence supports the e� ectiveness of training models based on ventilatory thresholds (VT1 and VT2), which better 

re� ect individual metabolic responses in endurance sports (Wolpern et al., 2015). While individualized testing is standard 

practice at the elite international level, it is less common at the youth or club level—particularly in smaller sports with 

limited resources. Therefore, identifying a�simple, standardized performance metric that could guide individual approach 

to the of setting of the training zones—such as the 2000-meter ergometer test commonly used in rowing—may be 

practical.

METHODS

OBJECTIVE

The aim of this study was to establish reference values for relative power output in determining training zones, expressed 

as the ratio (percentage) of ventilatory thresholds VT1 and VT2 to performance in the 2000-meter rowing ergometer 

test.

PARTICIPANTS

Data were collected from 12 adolescent rowers: 5 females (mean age 17.6 ± 0.54 years) and 7 males (mean age 17.9 ± 

0.9 years), all classi� ed at Level 3 according to McKay et al. (2022). Each athlete had a�structured training history of at 

least 3 years and was familiar with the Concept2 rowing ergometer as both a�training and competition tool.

PROTOCOL

All athletes performed:

• A�2000-meter rowing test on a�Concept2 Model D ergometer (Morrisville, USA)

•  A�graded CPET protocol on the same ergometer, using gas analysis via Cortex Metamax 3B (Leipzig, GER).

The initial workload for the CPET was set at 30% of the athlete’s 2k performance (W) and rounded to the nearest 

whole number. Load increments were 15–20 W for females and 35–40 W for males. The test was conducted without 

rest intervals between stages and terminated upon reaching VO 2Peak—de� ned as the point where oxygen uptake 

plateaued—or voluntary exhaustion.

•  VT1 was identi� ed as the point at which ventilation and CO 2 output (VCO 2) began to rise disproportionately relative 

to oxygen uptake (VO 2).

•  VT2 was determined using the V-slope method, indicating the de� ection point in VCO 2 relative to VO 2.

DATA ANALYSIS

All data were recorded and analysed using Analyse-It plugin (Analyse-It Software Ltd., Leeds, UK) in Microsoft Excel. 

The 2000-meter time was converted to power (W) using the standard Concept2 formula: W = 2.80 / pace 2.

Power outputs at VT1 and VT2 were recalculated as relative values—expressed as a� percentage of 2k performance 

(VT1%2k, VT2%2k).

Statistical analysis included: Variance to quantify measurement variability, Interquartile range (IQR) to assess data 

distribution, Standard deviation (SD) to assess dispersion, Con� dence intervals (CI99, CI95) to estimate population-

level reliability, CI50 to identify ranges where dispersion was �) 5% (limit of practical � eld usability) in both sexes for each 

threshold.

DISCUSSION
From a� methodological perspective, this study represents a� pilot investigation, which is re� ected in the relatively 

small sample size. This limitation reduces the statistical power of the analysis and restricts the generalizability of the 

� ndings to the broader rowing population. The study employed a� one-time, cross-sectional measurement, without 

repeated testing. Therefore, intraindividual variability over time—particularly in response to training adaptations—

could not (by design) be assessed. Given the dynamic nature of physiological responses to training, the speci� city 

of the measured values should be interpreted considering the athletes’ current � tness levels. Athlete performance level 

is very likely a�factor, undoubtedly higher performing athletes will have both threshold values closer to their individual 

2k performance. We expect that relative threshold values will vary across performance levels, as suggested by McKay 

et al. (2022). Additionally, participant age must be considered. Prior research shows that age in� uences maximum heart 

rate (Ozemek et al., 2017), and the adolescent age group in this study may limit the transferability of results to other 

age or performance categories.

Another limitation is the use of a�rowing ergometer as the testing modality. While ergometers provide a�valid and reliable 

alternative to laboratory diagnostics in rowing (Mentz et al., 2020), notable biomechanical di� erences exist between 

ergometer rowing and on-water conditions (Fleming et al., 2014). Despite these di� erences, the rowing ergometer 

remains a� widely accessible and practical training tool. Individual physiological responses between ergometer and 

on-water testing may vary, but previous studies suggest that training prescriptions derived from ergometer tests are 

applicable and at least somewhat e� ective for most rowers (Vogler et al., 2010).

The physiological variables analysed—particularly power output at VT1 and VT2—are widely recognized in practice. 

However, interpreting their relative values to 2000-meter performance requires further validation in larger and more 

demographically diverse samples. Unsurprisingly, the results con� rmed that male rowers achieved higher absolute and 

relative power outputs than females. The broader range of values in the male group indicates greater interindividual 

variability in training status, whereas the narrower VT1 range in females suggests a�more homogeneous group. 

Overall, the analysis demonstrated clear sex-based di� erences in performance metrics and their variability. Identifying 

VT1 and VT2 based on relative power output enables more precise training zone planning and more e� ective load 

management.

CONCLUSION
The results of this pilot study suggest that prescribing training zones based on 2000-meter rowing ergometer performance 

may be a�viable approach in practical training settings, especially if athletes can be accurately classi� ed by performance 

level and normative values are established for each category. The identi� ed threshold values may serve as a�reference 

for further research and as a�preliminary guide for training intensity prescription in contexts where detailed laboratory 

diagnostics are not available.

Future research should aim to validate this methodology in a�larger and more demographically diverse sample, while 

accounting for performance classi� cation levels or raw performance as a�factor.
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t2000m Wavg500 VT1W VT2W VT1%2K VT2%2K MINVT1 AVGVT1 MAXVT1 MINVT2 AVGVT2 MAXVT2

W1 07:34.0 240 110 142 46% 59%

43% 49% 55% 59% 69% 75%

W2 07:15.0 272 150 190 55% 70%

W3 07:51.7 214 105 150 49% 70%

W4 07:42.8 226 120 165 53% 73%

W5 07:25.0 254 110 190 43% 75%

VARIANCE 12% 16%

IQR 7% 3%

SD 5% 6%
CI-LL CI-VARIANCE CI-UL CI-LL CI-VARIANCE CI-UL

CI99 39% 20% 59% 57% 25% 82%

CI95 43% 12% 55% 62% 15% 77%

CI50 48% 3% 51% 67% 4% 71%

t2000m Wavg500 VT1W VT2W VT1%2K VT2%2K MINVT1 AVGVT1 MAXVT1 MINVT2 AVGVT2 MAXVT2

M1 06:08.0 449 240 320 53% 71%

32% 46% 53% 49% 61% 71%

M2 06:55.3 313 165 195 53% 62%

M3 06:36.1 360 115 190 32% 53%

M4 06:48.7 328 140 215 43% 66%

M5 06:48.9 328 130 160 40% 49%

M6 06:55.1 313 150 180 48% 58%

M7 06:37.0 356 190 240 53% 67%

VARIANCE 21% 22%

IQR 12% 11%

SD 8% 8%
CI-LL CI-VARIANCE CI-UL CI-LL CI-VARIANCE CI-UL

CI99 34% 23% 58% 49% 23% 72%

CI95 33% 20% 53% 53% 15% 68%

CI50 43% 5% 48% 59% 4% 63%

•  VT2  was determined using the V-slope method, indicating the de� ection point in VCO 2 relative to VO 2.

DATA ANALYSIS

All data were recorded and analysed using Analyse-It plugin (Analyse-It Software Ltd., Leeds, UK) in Microsoft Excel. 

The 2000-meter time was converted to power (W) using the standard Concept2 formula: W = 2.80 / pace 2.

Power outputs at VT1 and VT2 were recalculated as relative values—expressed as a� percentage of 2k performance 

(VT1%2k, VT2%2k).

Statistical analysis included: Variance to quantify measurement variability, Interquartile range (IQR) to assess data 

distribution, Standard deviation (SD) to assess dispersion, Con� dence intervals (CI99, CI95) to estimate population-

level reliability, CI50 to identify ranges where dispersion was �)5% (limit of practical � eld usability) in both sexes for each 

threshold.

variability in training status, whereas the narrower VT1 range in females suggests a�more homogeneous group. 

Overall, the analysis demonstrated clear sex-based di� erences in performance metrics and their variability. Identifying 

VT1 and VT2 based on relative power output enables more precise training zone planning and more e� ective load 

management.

CONCLUSION
The results of this pilot study suggest that prescribing training zones based on 2000-meter rowing ergometer performance 

may be a�viable approach in practical training settings, especially if athletes can be accurately classi� ed by performance 

level and normative values are established for each category. The identi� ed threshold values may serve as a�reference 

for further research and as a�preliminary guide for training intensity prescription in contexts where detailed laboratory 

diagnostics are not available.

Future research should aim to validate this methodology in a�larger and more demographically diverse sample, while 

accounting for performance classi� cation levels or raw performance as a�factor.
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