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Purpose: The purpose of this study was to look for a new, simple, and fast method of
assessing andmonitoring indoor race performance and to assess the relationship between
20 s, 60 s, and 2000m indoor rowing performances of youth rowers to evaluate their
anaerobic profile.

Methods: For three consecutive days, 17 young able-bodied male rowers (15.8 ±
2.0 years), performed three tests (20 s, 60 s, and 2000m) on a rowing ergometer.
Mean power (W20, W60, and W2000) and 2000m time (t2000) were considered for the
analysis. In addition, 14 athletes (15–18 years) performed a 20 s, 60 s, and 2000 m tests
and used this as a control group. To define the anaerobic profile of the athletes, W20 and
W60 were normalized as percentages of W2000. Associations between variables were
determined by means of the Pearson correlation coefficient (r).

Results: Mean power decreased with increasing test duration (W20 = 525.1 ± 113.7 W;
W60 = 476.1 ± 91.0 W; W2000=312.9 ± 56.0W) and negative correlations emerged
between t2000 (418.5 ± 23.1 s) and W20 (r = −0.952, p < 0.0001) and W60 (r = −0.930, p <
0.0001).

Conclusion: These findings indicate thatW20 andW60 are significant predictors of 2000m
rowing ergometer performances. Furthermore, normalized W20 and W60 can be used to
evaluate athletes and as a reference for planning anaerobic training sessions, on a rowing
ergometer.
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INTRODUCTION

The sport of rowing, classically practiced on flat water, is a highly regulated sport in which athletes
aim to cover the specified race distance as fast as possible, with the standard race distance being
2000 m in a straight-line distance as specified in the World Rowing Rule Book (FISA, 2020, http://
worldrowing.com). In general, rowing performance, both on-water and indoor, depends on
anthropometric (Podstawski et al., 2014), physiological (Secher, 1993; Ingham et al., 2003;
Riechman et al., 2002; Bourdin et al., 2017), and psychological (Kellmann and Gunther, 2000;
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Shields et al., 2018) characteristics of the athletes, technical
aspects (Den Hartigh et al., 2017), tactical strategies (Garland,
2005; Akça, 2014; Cerasola et al., 2018), and environmental
conditions. Despite anthropometric and aerobic capacity being
considered relevant for rowing performances (Ingham et al.,
2003; Cosgrove et al., 1999; Smith and Hopkins, 2012), the
anaerobic metabolism is crucial to allow athletes to accomplish
fast starts and final spurts, which could vary in terms of duration
ranging from 20 to 60 s in relation to the race strategy (Garland,
2005; Maestu et al., 2006; Cataldo et al., 2015; Martin and
Tomescu, 2017). In fact, recent evidence shows that power
output, and not just aerobic capacity, could be an important
predictor of race outcomes (Izquierdo-Gabarren et al., 2010;
Lawton et al., 2011; Cataldo et al., 2015; Bourdin et al., 2017;
Martin and Tomescu, 2017; Cerasola et al., 2020).

In agreement with the reported contribution of the aerobic
and anaerobic metabolisms to rowing races (Secher, 1993), the
training plan of successful rowers normally encompasses 65–70%
aerobic exercises and 30–35% anaerobic ones (Maestu et al.,
2006). To evaluate athletes and monitor their training plan,
coaches routinely assess the boat speed with specific devices
such as Global Position System (GPS). Also closely monitored
is the performance of athletes on the rowing ergometer, typically
through the rowing ergometer speed (measured with an
integrated computer) or other parameters which can be
accurately reported as a function of time or distance rowed. In
fact, from all the possible parameters, most coaches prefer to
consider “speed” as the most crucial parameter because specific
training sessions are planned in considering different percentages
of race speed (Jensen, 1994). Furthermore, coaches often make
use of standardized indoor rowing tests to monitor the effects of
their training plans.

Measuring changes in performance is important not only for
monitoring the progress of rowers during training, but also to
further develop the knowledge of the sport through research
assessing the effect of training and other interventions. For
example, there seems to be a consensus amongst the
researchers and practitioners in the field that anaerobic tests
for measuring mean and peak power outputs on a rowing
ergometer show a high positive correlation with respect to
“all-out” 2000 m indoor rowing performance in elite athletes
(Riechman et al., 2002; Cataldo et al., 2015; Bourdin et al., 2017).
In contrast, the assessment of anaerobic power in youth athletes is
still somewhat controversial (Mikulic, 2008; Mikulic et al., 2009;
Cataldo et al., 2015; Maciejewski et al., 2016) probably due to
large variability in body dimension and in technical proficiency of
this population (Mikulic, 2008; Maciejewski et al., 2016). At this
crucial age, in a number of countries, coaches, and sports
associations are encouraged to design their training schedule
on Balyi’s “Long Term Athletic Development” (LTAD) model
which suggests that the athletic potential of youngsters should be
carefully aligned with their biological growth. The model suggests
that there should be a focus to optimize performance
“longitudinally” and recognize the importance of very
particular and specific developmental “windows of
opportunity” time periods. (Ford et al., 2011). At the same
time, youth athletic success is considered relevant for talent

detection, selection, and development (Capranica and Millard-
Stafford, 2011). In rowing, youth competitions are organized at
local, regional, national, continental, and world levels, and are
also included in the Youth Olympic Games.

Experts agree that, given the specific needs of this special
population, the training and competitions which are standard for
senior and elite athletes may need to be adapted. To meet the
characteristics of youth athletes and to facilitate the development
of their technical and tactical skills, youth competitions could,
ideally, encompass also 1,000 m and 1,500 m distances
(Maciejewski et al., 2016). In particular, the literature
highlighted that in rowing races effort regulation depends on
the performance level, with marked end-spurts occurring more
often at sub-elite levels (Brown et al., 2010). In considering the
developmental phase of youth rowers, several authors considered
relevant the evaluation of the anaerobic capability of youth
athletes (Mikulic, 2008; Mikulic et al., 2009; Mikulic and
Markovic 2011; Cataldo et al., 2015; Maciejewski et al., 2016;
Cerasola et al., 2020).

The aim of this study was to look for a newmethod, simple and
fast, of assessing and monitoring indoor race performance and to
investigate the relationship between the fixed-time 20 s and 60 s
all-out tests and the fixed-distance 2000 m indoor rowing
performance in youth athletes. In particular, this work will test
the hypothesis that mean power performance during 20 s and 60 s
all-out tests could predict the 2000 m performance of youth
rowers.

METHODS

Participants
The institutional review board of the University of Palermo
approved the within-subjects experimental design, which
included 17 male youth (age: 15.8 ± 2.0 years; height 176.1 ±
7.8 cm; body mass: 70.9 ± 10.0 kg) rowers affiliated to the Italian
Rowing Federation and finalists in the Italian Men’s Junior
Rowing Championship (15–18 years). Furthermore, an
independent sample of 14 youth rowers (15–18 years) was
considered to cross-validate the findings of the experimental
sample. After a detailed explanation of the nature and purpose
of the study, written informed consent to participation was
obtained from the athletes and their parents before the
commencement of the study. Athletes had at least three 3)
years of previous rowing training consisting of 18–20 h week−1

according to the recommendations of the Italian Rowing
Federation FIC. In addition, 13 older male high-level athletes
(21.1 ± 0.8 years) performed similar 20 s, 60 s, and 2000 m tests,
the results of which were used to preliminarily assess whether the
tests can be applied to athletes of a different age group.

Experimental Design
During the pre-competitive period of the 2019–2020 season, the
experimental period included three sessions, with a “rest day” in-
between, during which the participants were required to perform
a 20 s, a 60 s, and 2000 m all-out tests, respectively. Participants
were habituated to these tests, routinely administrated during the
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season by their coach. Prior to the test session, body mass and
stature were measured by means of a stadiometer and an
electronic scale (SECA, Germany). This was followed by a 15-
min standard warm-up eliciting ~140 beats·min−1. Throughout
the test, the rowers received verbal encouragement from their
coach to perform their best.

The tests were performed on a Concept2 rowing ergometer
(mod. D, Concept2, Morrisville, United States, fitted with a PM5
monitor) with a 120-drag factor. The apparatus provided
information, amongst other things, on the mean power for the
20 s, 60 s, and 2000 m events, W20, W60, and W2000, measured in
watts (W), where 1W = 1 J s−1 and the 2000 m performance time
(t2000, s). Absolute W20 and W60 values were normalized relative
to body weight. Finally, the mean speed (V2000, m

.s−1) of the
2000 m performance was also calculated. The same sequence was
used in the counter-test group.

Statistical Analysis
Statistical significance was accepted with an alpha level of p ≤
0.05. Data are presented as “means ± SD”. At first, the
Kolmogorov-Smirnov and Shapiro–Wilk normality tests were
used to assess the normal distribution of the experimental
variables W20, W60, W2000, t2000, and V2000. Pearson
correlation coefficients (r) and linear regression analysis (R2)
were used to determine the association between t2000, W60, and
W20 variables. According to the literature Hopkins (2000), R2 was
considered trivial, small, moderate, large, very large, nearly
perfect, and perfect for values <0.01, >0.01–0.09, >0.09–0.25,
>0.25–0.49, >0.49–0.81, >0.81, 1.0, respectively. Furthermore, a
stepwise regression analysis was used to examine the relationship
between V2000, absolute W20, and W60. Finally, to plot the
anaerobic profile of the youth rowers, absolute W20 and W60

values were expressed as percentages of W2000.

RESULTS

Absolute and relative W20 values were 525.1 ± 113.7 W (range:
340–690W) and 7.4 ± 0.9 W kg−1 (range: 6.17–8.46W kg−1),
respectively; whilst absolute and relative W60 values of 476.1 ±
91.0 W (range: 333–649W) and 6.7 ± 0.8 W kg−1 (range:
6.22–7.44W kg−1), respectively. The 2000m indoor rowing
performance lasted 418.5 ± 23.1 s, with a V2000 of 4.8 ±
0.3 m s−1 and absolute W2000 of 312.9 ± 56.0 W. These values
substantiate their good athletic level in relation to age. Anaerobic
parameters always showed negative relationships (p < 0.001) with

respect to t2000, resulting in higher absolute values with respect to
relative values (Table 1).

Figure 1 and Figure 2 show the regression equations between
t2000 and absolute W20 and W60 values, respectively. Significant
correlations were observed between V2000 and W20 (r = 0.95; p <
0.004) and W60 (r = 0.98; p < 0.0005). The stepwise multiple
regression identified the prediction equation V2000 = 2.795 -
(0.0005303 *W20) + (0.004680 *W60), with W20, and W60

accounting for 96.8% of the variance of V2000 (p < 0.01). The
cross-validation of the prediction equation with the independent

TABLE 1 | Correlation between 2000 m rowing ergometer performance time
(t2000) and anaerobic characteristics of the 17 participants.

t2000 vs. absolute mean
power

t2000 vs. relative mean power

W20 (W) W60 (W) W20 (W kg−1) W60 (W kg−1)
R −0.920 −0.914 −0.746 −0.615
R2 −0.847 0.836 0.836 0.372
P < 0.0001 < 0.0001 0.0006 0.0008

FIGURE 1 | The relationship between the 2000 m performance time
(t2000) and mean power (W20) during the 20 s all-out test.

FIGURE 2 | The relationship between the 2000 m performance time
(t2000) and mean power (W60) during the 60 s all-out test.

FIGURE 3 | Anaerobic power profiles of the 17 youth athletes expressed
through the percentages of the mean power W20 and W60 during the 20 and
60s tests with respect to the 2000m actual performance.
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sample of youth rowers showed a high correlation between actual
and predicted rowing speed (r = 0.98; p = 0.0005) and prediction
limits ranging from -0.12 to 0.11 m s−1 (-2.74–2.78%). Figure 3
shows the anaerobic profile of the youth rowers, with W20 and
W60, presented as percentages of W2000. In particular, W20

showed the highest values (168.1 ± 14.1%) with respect to
W60 (153.1 ± 11.3%). Also reported in Table 2, as discussed
below, are the findings from preliminary tests on a cohort of older
athletes.

DISCUSSION

The main findings of this study were the definition of 1) the
mathematical model to predict actual 2000 m indoor rowing
performance and 2) the anaerobic profile of youth rowers.
Furthermore, this study substantiates the significant
correlation between average power outputs of 20 and 60 s
(Cataldo et al., 2015; Cerasola et al., 2020), and the time to
complete 2000 m indoor rowing performance.

In the present study, t2000 resulted coherent with the
literature of Cerasola et al. (2020); Cataldo et al. (2015);
Mikulic et al. (2009). This is an important finding,
especially considering the athletic level of the participants
but needs to be considered in the context of the present
knowledge in this field. For example, despite the well-
known and relevant aerobic contribution to rowing
(Cosgrove et al., 1999), estimated at ~30–35% (Secher,
1993), it is now also known that the VO2max parameter
presents limited predictive capability with some authors
(Maestu et al., 2006) proposing anaerobic power as an
overall index of 2000 m performance. As an alternative,
Cerasola and co-workers have proposed that coaches should
consider W20 and W60 relevant parameters for monitoring the
capability of their athletes to perform high-intensity phases,
which are crucial during the first part of the race for increasing
the boat speed to gain advantages over the opponents and to
sustain a final rush to achieve the best ranking when the boats
are “tip to tip”, respectively (Garland, 2005; Cerasola et al.,
2018). In fact, data was collected during a 30 s modified
Wingate test (Mikulic et al., 2009), a 20 s all-out rowing
support mean power (Cataldo et al., 2015) and a 60 s all-out
rowing support mean power (Cerasola et al., 2020) proved to
be as a better predictor of the time to complete 2000 m with
respect to VO2max. Furthermore, Egan-Shuttler et al. (2014;
2017) show that the force is relevant to increasing the rowing
performance during the 500 m time trial.

This present study adds more confidence to this claim favoring
the use of such 20 and 60 s all-out power tests. In fact, by

investigating 20 and 60 s all-out anaerobic performances of
youth rowers, the present study confirms and implements
these results and indicates that this newly developed model is
safe (i.e., youth rowers were able to perform the test without any
personal risk), accurate and effective (i.e., the 20 and 60 s are very
simple tests, therefore all rowers can express the maximum
performance) in predicting 2000 m rowing ergometer
performance. This finding becomes even more relevant in view
of the fact that, in general, indoor rowing performances are
considered good predictors of on-water 2000 m time of elite
youth rowers, with a standard error of the estimate ranging
between 2.6 and 7.2% (Smith and Hopkins, 2012).

More specifically,W20 andW60 resulted in themost significant
variables for predicting t2000, probably due to the relevant
combined contribution of the alactacid and lactacid anaerobic
metabolisms, respectively (Jensen, 1994). According to Steinacker
(1993), senior elite athletes compete in a typical rowing race in the
single scull reach a mean power of 450–600W during the first
10 s of the initial phase and 400–500W during the 60 s of the final
phase, respectively. In the present study, youth athletes reached
similar mean power values during the 20 s (e.g., 340–690W) and
60 s tests (e.g., 333–649W), which substantiate their good
athletic level.

Finally, with respect to the literature (Cosgrove et al., 1999;
Riechman et al., 2002; Cataldo et al., 2015; Cerasola et al., 2020)
the integration ofW20 andW60 in the mathematical model for the
prediction of 2000 m speed provides a better evaluation of
performance (e.g., < 3% error) and further evidence on the
relevance of testing anaerobic capacity of youth athletes.

Before concluding it is important to highlight the strengths
and limitations of the present work.

The main strengths of this work are the novelty and
implications of the findings which are of significant practical
importance within the context of rowing federations and clubs as
monitoring tests and talent identification.

To sustain the 5.5–7.0 min of rowing competitions both
aerobic and anaerobic training are important components of
training programs, with training stimuli differing depending on
the type, length, and intensity of each session (Maestu et al.,
2006). In particular, during the preparation period, the main goal
of rowing training is to build up the aerobic endurance of athletes,
whereas during the competition period the focus is on the
development of the aerobic and anaerobic components. In
general, training intensities can be defined as percentages of
power at race pace, considering intensities of 110–180% to
develop anaerobic capacity, 90–105% aerobic transportation,
75–85% anaerobic threshold, and 65–70% aerobic utilization
(Jensen, 1994). Despite the evaluation of the aerobic capacity
of rowers is well documented in the literature and commonly

TABLE 2 | The measuredW20 andW60 values of the 13 additional older volunteers (mean age 21.1 ± 0.8) and the percentage difference between the achieved 2000m event
speed and model predicted speed for a 2000m event.

W20 (W) W60 (W) Achieved speed in
2000 m event (ms−1)

Predicted speed in
2000 m event (ms−1)

Speed difference (%)

847.2 ± 45.9 710.6 ± 34.4 5.49 ±0.1 5.67 ± 0.1 0.97 ± 0.02
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used to structure individualized training, information on the
anaerobic capacity is much less evaluated (Izquierdo-Gabarren
et al., 2010). To establish appropriate training stimuli in relation
to the developmental phase and athletic level of the youth rowers,
coaches are urged to routinely monitor their progress to structure
sound training sessions (Capranica and Millard-Stafford, 2011).
Considering that youth rowers habitually undergo a training
volume of 18–20 h week−1 (FIC, 2020) (http://www.
canottaggio.org) the evaluation of their anaerobic capacity
could be effectively achieved by means of computerized
rowing ergometers that provide information on time, power,
speed, and stroke rate. Thus, the anaerobic power curve shown in
this study could help the coaches to define different levels for
anaerobic intensities, to monitor the effectiveness of their training
plan, and to identify and promote talents by predicting athletic
success in 2000 m competitions (Maestu et al., 2006). In
considering that this study is limited to the peculiar sample of
finalists in the Italian Men’s Junior Rowing Championship,
further studies are needed to verify whether these tests are
useful for the evaluation of youth rowers of different athletic
levels, ages, and sex.

Talent identification and promotion of youth athletes is a
complex phenomenon, often based on the assessment of their
sport-specific performance. Despite rowing also several
environmental (e.g., wind, water currents, and
temperature) and tactical aspects of successful
performances should be considered, comparisons between
the time needed to cover distances during on-water and
indoor races presented limited discrepancies (Izquierdo-
Gabarren et al., 2010; Vogler et al., 2010). Therefore,
2000 m time indoor trials have become an important
selection tool for national rowing organizations (Smith and
Hopkins, 2012), with coaches ranking athletes on the team in
a controlled environment. The findings of this study not only
provided valuable insights into the evaluation of the
anaerobic capability of youth athletes but also a good
prediction model for their 2000 m speed performances.
Thus, coaches should consider the 20 and 60 s all-out tests
also for talent identification and progress.

Strengths and Limitations
Like any other study, this work has its own limitations. In
particular, the results for the mean power values W20 and W60

had associated with them a large standard deviation since the
youth athletes reached quite a wide range of mean power
values during the 20 s (340–690 W) and 60 s tests
(333–649 W). This profile of data, unfortunately, is
unavoidable when testing athletes of age (age 15.8 ±
2.0 years). At such age, different athletes are expected to be
at different levels of their biological development with the
resultant variations in somatic growth, body composition,
and somatic proportions (height 176.1 ± 7.8 cm; body mass:
70.9 ± 10.0 kg) that could have a direct influence on aerobic
and anaerobic sports performances (Malina et al., 2004;
Beunen and Malina, 2008). It must furthermore, it should
be highlighted that the effectiveness of such a method applies
within the realm of this study and to the characteristic of the

participants tested. Indeed, as the participants tested were
young athletes, all males (age range: 15.8 ± 2.0 years old), any
speculation on the possibility to apply such a method to a
different gender, age and athletes level groups require further
testing. In this respect, it is encouraging that preliminary tests
we conducted on the second group of 13 older volunteer high-
level adult athletes (male, age: 21.1 ± 0.8; height 191.2 ±
6.6 cm; body mass: 88.3 ± 4.9 kg) who underwent tests to
preliminary assess the transferability of the tests to different
age categories suggested that these predictive tools are still
applicable. In these additional tests, we calculated the
percentage difference between the achieved speed in the
2000 m event and the predicted speed computed using the
20 and 60 s all-out tests according to previous stepwise
multiple regression and they found that the achieved speed
measured in 2000 m all-out event, 5.49 ± 0.1 m s−1, only
differed by 0.97% compared to the speed estimated from
the predictive tests, 5.67 ± 0.1 m s−1 (see Table 2). In view
of these positive findings, we hope this work will provide an
impetus to other researchers to collect additional data from
different cohorts so as to further rigorously validate the
reliability of the 20 and 60 s tests as a monitoring tool for
the standard 2000 m event. Such further validation studies
could also look into aspects such as the correlation between
trials, measures of reliability coefficient, Cronbach’s alpha,
coefficient of variation between trials on a particular day and/
or between days, etc. Given this is a newly proposed
paradigm, such validation studies are important before
these tests can be implemented universally worldwide as a
training monitoring tool. Furthermore, the present study was
focused on predicting the ‘mean power’, but it is well known
that other parameters, such as the “peak power” (i.e., highest
value observed) are also useful training monitoring tools
(Egan-Shuttler et al., 2014; 2017). In fact, peak and mean
are, sometimes, considered to be complementary approaches
to measure rowing performance and the rowing community
has not yet determined which of these might be more
valuable, particularly in view of the fact athletes often take
part in different types of events. It is thus essential that future
studies would also look at the peak power, as well as other
variables which could be predictable through the quick 20 and
60 s tests.

Nevertheless, it is envisaged that such limitations can be
addressed through further studies and tests, ideally conducted
by independent researchers, particularly in view of the fact that
a major strength of this work is the relative simplicity to carry
out the proposed 20 and 60 s tests, their role in the talent
identification process and as a monitoring tool, and their
ability to make accurate and fast predictions. Moreover, the
proposed tests, particularly the 20 s test, are quick and easy to
do, without fatiguing the athletes, or creating anxiety hence
allowing more time/rigorous training to follow within the
same session and, at the same time, allowing tracking of
athletes. This makes them ideal for routine monitoring of
athletes: a 20 s all-out row will practically go unnoticed and
is hardly going to make an impact on the rest of the training
session.
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CONCLUSION

By not requiring expensive equipment, specific scientific
expertise, and long duration, the 20- and 60-s tests could be a
valuable tool to routinely assess youth athletes during training
sessions. Furthermore, they could be considered a more feasible
and accurate option to predict 2000 m performances with respect
to the assessment VO2max, which requires expensive equipment,
invasive methods, and some attendant risks might be present.
Therefore, the proposed mathematical model could offer coaches
a simple workout to propose to athletes to predict their
performance, with a frequency greater than the test of 2000 m
that is not commonly used in training due to the great effort
required.
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