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Abstract
The standard race distance in rowing is 2,000m, and therefore it is important to understand the
anthropometric and fitness variables which influence the time taken to complete this time trial.
This study aimed to create a predictive calculator using already known and easily measured
variables, whereby a rower or their coach could input their anthropometric and fitness data, and
estimate the time taken to complete a 2,000m time trail on the rowing ergometer. 111 club rowers
participated in the study through an online questionnaire, which collected data on ten independent
variables of 2000m time. The predictive variables placed within the multiple linear regression
equation (R2=0.822) were 5,000m time (67.7% importance, p<0.001) 100m time (13.6%
importance, p=.001), weight (8.6% importance, p<.01), age (5.6% importance, p<.05) and arm
span (4.5% importance, p=.051). Linear regression between ergometer time and single scull time
had a R2 of 0.676. The predictive calculator is practical in club environments and can supplement
existing team selection and talent identification criteria, in addition to validating goal setting and
training programmes. A larger sample size with more controlled and standardized tests, alongside
a more sophisticated predictive model, would help increase the validity and accuracy of the model
but at the cost of more invasive and expensive measure.
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Chapter One: Review of Literature
1.1 Introduction
1.1.1 Systematic Literature Search
A search was conducted via the electronic abstract service Sport Discus, of EBSCO Journals.
The phrase “rowing performance” was entered, and results were limited by full text, peer
reviewed and available in the English language. The publication date was set between 2010
and 2021. This query returned eighty-eight journal articles, of which seventeen were
downloaded and read. In addition to this, eleven pieces of literature were chosen from the
author’s personal collect, and four from the reference section of papers obtained from the
systematic review.

1.1.2 The Fundamentals of Rowing
On both the indoor rowing ergometer, and in Olympic racing shells on flat water, the standard
race distance is two thousand metres (2000m). Olympic rowing has numerous boat classes,
which follow the guidelines of the World Rowing Federation’s classifications (Silva-Alonso
and Del Carmen Iglesias-Pérez, 2018). These range from one rower to eight rowers: each boat
available for males or females, as lightweight or open weight. Certain boats can be steered by
a coxswain, and most have the option to use one “sweep” oar or two “scull oars” per rower
(British Rowing, 2020a). Because of these differing boat classes, the time to complete varies
from approximately five minutes and thirty seconds to eight minutes (Maciejewski et al., 2016).
It is important to have a clear understanding of the physiological factors that constitute 2000m
results, as this is crucial for rowing performance.
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A considerable proportion of a rower’s training is on rowing ergometers. For the purpose of
this research, the majority of the reference to rowing ergometers will be to the Concept 2 (C2)
brand, as it is “currently the leading supplier of rowing machines in the UK”, used by “GB
rowers

and

for

all

British

Rowing

competitions”

(British

Rowing,

2020b,

https://www.britishrowing.org/indoor-rowing/go-row-indoor/how-to-indoor-row/equipment).
The World Records for 2000m for those aged nineteen to twenty-nine on the C2 rowing
ergometer currently ranges from 6:53.8 for lightweight women to 5:35.8 for heavyweight men
(Concept 2, 2020a).

This review will commence with a focus on the validity of the rowing ergometer before an
evaluation of the anthropometric variables to 2000m rowing ergometer performance and then
finish with a focus on the fitness variables of rowing performance and a statement of the
research aims and questions.

1.1.3 The Validity of the Rowing Ergometer for Determining Racing Shell Speed
Without a doubt, there is a dissimilarity between rowing in a racing shell and rowing on a
stationary rowing ergometer, such as the C2. These include skills such as efficiency, balance,
and conserving boat speed throughout the recovery stage of the stroke (McNeely, 2012).
Nevertheless, rowing ergometers provide reliable and standardised insights into a rower’s
performance and provide s an objective measure of performance that has a significant
correlation with water performance (Schabort et al., 1999; Smith and Hopkins, 2012; Soper
and Hume, 2004; Urichianu and Vladimir, 2010). However, McNeely (2012) found that no
correlation existed between 2000m rowing ergometer performance and 2000m on-water times
in nineteen elite heavy-weight rowers, and hence suggests caution when using the rowing
ergometer as a tool to assess and rower selection. Though, the author did note that changes in
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water conditions and the weather can make the conclusions invalid. Combine this with a small
sample size, and the methods of this study may not be rigorous enough to create conclusive
results.

Moreover, the rowing ergometer does not factor in body mass into its speed calculations by
design. In a rowing shell, there is an inverse relationship between the weight of the rower and
boat speed, as a heavier rower would increase the drag of the shell in the water, though some
of this increase in drag may be offset by increased athletic performance in heavier rowers. In
fact, Doyle et al. (2010) correlated a 24.2% increase in rower weight with a 9.3% increase in
hydrodynamic drag in a pair boat when comparing seven light-weight rowers with seven
heavyweight rowers. Nevill et al. (2010) referred to a study from Secher and Vaage (1983)
which contrasted the difference between the weight categories and rowing performance on the
water and the ergometer. Light-weight rowers were only 2.5% slower than open-weight rowers
on the water, yet this difference was almost three times higher on the rowing ergometer (7.4%).
This can be explained by a point within the paper by Doyle et al. (2010) which proposes that
heavy-weight rowers must produce substantially higher force relative to light-weight rowers to
cause a minor increase in boat speed, due to the increased drag, which is caused by the higher
body weight used to bring about this increase in force exertion. Nevertheless, the C2 website
(Concept 2, 2020b) offers a weight adjustment equation for time whereby:
𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑡𝑖𝑚𝑒
𝐵𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑙𝑏𝑠 .222
)
=(
270
× 𝐴𝑐𝑡𝑢𝑎𝑙 𝑡𝑖𝑚𝑒 𝑖𝑛 𝑠

Though useful, the accuracy of this is equation is unclear. In addition to this, the equation is
formulated to convert the C2 time to an eight on the water. Consequently, this weight adjusted
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time is incomparable to a single scull on the water, which would be the best way of individually
testing an athlete’s performance. Therefore, the allometric model that Nevill et al. (2010)
created to predict single scull speed with C2 speed may be more useful, whereby:
𝑆𝑖𝑛𝑔𝑙𝑒 𝑠𝑐𝑢𝑙𝑙 𝑠𝑝𝑒𝑒𝑑 𝑖𝑛 𝑚/𝑠
= (𝐸𝑟𝑔𝑜𝑚𝑒𝑡𝑒𝑟 𝑠𝑝𝑒𝑒𝑑 𝑖𝑛 𝑚/𝑠
× 𝐵𝑜𝑑𝑦 𝑚𝑎𝑠𝑠 𝑖𝑛 𝑘𝑔−0.23 )1.87
This study had a fair sample size of forty-nine elite junior rowers, and with R2 = 59.2%, as
such the results are moderately well-fit. Though, the relationship between these variables in
junior rowers may not be representative of adult rowers, so this should be used with caution.

In summary, the results from a rowing ergometer can be correlated with racing shell time,
however a multitude of factors such as skills required, weather conditions and a rower’s weight
can make these relationships difficult to predict, and therefore the factors influencing rowing
ergometer time will unlikely be indicative of racing shell time.

1.2 Variables of Rowing Performance
1.2.1 Anthropometric Variables
Casadei and Kiel (2020) describes anthropometry as the measure of the makeup and
proportions of the body. Within this section, weight, height, and limb length will be discussed
as these are key components of rowing that are frequently used in talent identification. For
example, British Rowing (2020c) state that they ask beginner and intermediate rowers for their
height and arm span which suggests these variables are important for initial recruitment.
Though, true performance is the key determinant of selection in national teams and
interestingly, many of the selection criteria limit entry by ergometer scores (Scottish Rowing,
2020; Henley Rowing Club, 2016; British Rowing, 2013).
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1.2.1.1 Weight and Height
Weight is important in rowing, as men and women must achieve weights less than or equal to
72.5kg and 59kg, respectively, to qualify for the lightweight category (British Rowing, 2015).
Nevertheless, both weight and height have been controversial topics within the rowing
community, as there is disagreement over the significance of these factors as a determinant of
performance.

One remarkable case study from Bourgois et al. (2014) monitored a world class single sculler
for fifteen years from the age of sixteen. Most years, the subject’s height and weight were
measured, among other aspects. This athlete was 10 to 12cm shorter and 10kg lighter than his
competitors in the 2008 Olympics, yet he achieved fourth place in this race. This indicates that
while weight and height are potentially important performance variables, they are not the sole
determinants of performance, and as the article states, it is probably attributed to this athlete’s
high level of skill. Though, within this study, there is an inverse relationship between weight
and height, and 2000m ergometer time. This correlates these factors at an individual level, but
clearly this case study is not sufficient evidence to form a sound conclusion, as these factors
could be due to variety of other variables correlated with age including physiological
adaptations, increased experience and therefore skill level.

Majumdar et al. (2017) conducted a rigorous large-scale study (n=199) on elite male rowers
and found that height (R= -0.340, p<.001) and weight (R= -0.506, p<.001), among others, can
be a strong predictor of 2000m rowing ergometer performance. This agrees with a smaller
study (n=22) from Penichet-Tomás and Pueo (2017) which also found that there were strong
correlations between height (R=0.873, p<.01) and weight (R=0.894, p<.01) with 2000m
rowing performance, and therefore concluded that these are good predictors of performance
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and efficiency on the ergometer. These findings were further confirmed by Podstawkski et al.
(2014) who found that in inactive college students, taller and heavier girls performed better in
a 500m rowing ergometer test. Though, this test is four times shorter than the typical 2000m
test, and therefore performance is likely determined by a different balance of anthropometric
and fitness variables. This is supported by Secher (1993) who found that in a 500m race,
heavyweights had a 4% advantage over a lightweight rower, however only a 2.5% advantage
over 2000m.

Again, it must be reinforced that although weight and height are inversely correlated with
rowing ergometer time, this is not necessarily true in a racing shell. Even though Nevill et al.
(2010) similarly correlated weight with a lower 2000m ergometer time (R= 0.68), they found
that it had a negative effect on rowing shell speed due to the significant increase in drag.
However, this increase in drag is almost certainly overcome by the increase in muscle massalthough increases in fat mass would net in a loss of boat speed. This occurrence can be seen
within the fastest men’s lightweight pairs in world class events between 2004-2008, who
completed the 2,000m race at 96.4% the average speed of the winning heavyweight pairs, and
virtually matched that of the sixth-place heavyweight pairs (99.99%), even though the rowers
would have had considerably less force producing potential (Doyle et al. 2010). This is an
example of how heavyweight rowers are faster in a racing shell, however due to drag this not
proportional to their rowing ergometer time differences. Therefore, weight would likely be less
predictive of 2,000m single scull time than it would be on the ergometer.

1.2.1.2 Limb Length
Limb length is important when predicting rowing performance, as Majumdar et al. (2017)
refers to Secher et al. (1983) who described that long limbs usually allows a rower to have a
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longer stroke length and biomechanically allow more force to be applied. Akça (2014) refers
to a study from Hahn (1990) which states that rowers with longer extremities- in both absolute
terms, and in proportion to their standing height, tend to have higher levels of performance.
The degree to which it predicts rowing performance is the key question. Akça (2014) was able
to create an anthropometric equation through multiple regression, which correlated a multitude
of measurements strongly (R2= 0.83) with 2000m rowing ergometer time. However, this
included sitting height, lean body mass, body height and thigh girth, and therefore is not solely
measuring arm and length. Nevertheless, performance was significantly correlated with both
arm span (R= -0.715) and leg length (R= -0.703) independently.
In contrast, Majumdar (2017) ascertained that there is a significant correlation (R= -0.311)
between 2000m rowing ergometer time and having a mesomorphic somatotype- which refers
to a body with high musculoskeletal development (Ajayi et al., 2016). Yet there was no
significant correlation between ergometer time and the ectomorphic somatotype, which is
unexpected considering that Akça (2014) found a significant correlation between arm and leg
length and 2000m time. Moreover, Akça significantly correlated body height (R= -0.801), body
mass (R= -0.812) and lean body mass (R= 0.822) similarly with 2000m time. This may suggest
that arm and leg length are correlated with, but not determinants of 2000m rowing ergometer
time. Rather, those who are taller tend to weigh more, which is most likely a determinant of
ergometer time (Majumdar et al., 2017; Penichet-Tomás and Pueo, 2017). Being tall, however,
is advantageous to rowers as taller individuals can have higher absolute muscle mass than those
who are shorter, and being tall with little muscle development likely offers little to no
advantage.
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1.2.2 Fitness Variables
There are many components of fitness, which uniquely contribute to performance in specific
sports. This review will focus on aerobic endurance, muscular power, and flexibility (Hoffman,
2006) as these are important factors in rowing performance. Secher (1993) refers to Secher
(1990), which explains that rowing is dependent on both the aerobic (70-79%) and anaerobic
(21-30%) energy systems. Similarly, Purge et al. (2017) references Roth et al. (1983) which
finds that the energy needed for the 2000m race is predominantly produced through aerobic
glycolysis (67%), though a considerable amount (33%) produced by the ATP-phosphocreatine
and lactic energy systems, at 21% and 12%, respectively. The importance of muscle power has
been identified by British Rowing (2020c) as they test both leg and arm power for recruitment.
Flexibility supports a longer stroke length, which is also correlated with rowing performance
(Majumdar et al., 2017), and therefore flexibility may be a predictor of rowing performance.

1.2.2.1 Aerobic Endurance
Given that the aerobic pathways are the primary means of adenosine triphosphate (ATP)
resynthesis during a 2000m maximal test (Roth et al., 1983; Secher 1990), aerobic endurance
is likely a key determining factor for performance. Therefore, those with a higher maximal
oxygen uptake (VO2 max) would be expected to be better adapted for rowing performance, as
they will be able supply more oxygen to the muscle tissues, which will keep energy production
aerobic at higher intensities and for longer and hence help delay the onset of performance
inhibiting fatigue.

Many studies have found an inverse relationship between VO2 max and 2000m time. Kendall
et al. (2011) found a significant correlation (R=0.923) between absolute VO2 max and 2000m
rowing ergometer time in female varsity rowers (more than one year of experience). In fact,
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this was the strongest relationship present in the study. However, this was not the case with
female novice rowers (less than one year of experience), as the critical velocity test was the
strongest indicator (R= 0.733) of 2000m performance. Nevertheless, the critical velocity test
measures the maximum speed an athlete can maintain without causing fatigue, which may
essentially be correlated with VO2 max. The author refers to studies from Wakayoshi et al.
(1993) and Pepper et al. (1992) which found that critical velocity has been strongly correlated
with maximal oxygen consumption in both swimming and running, respectively. In fact,
critical velocity may be a better measure of aerobic endurance than VO2 max, as it specifically
measures one’s maximum intensity before there is a substantial recruitment of anaerobic
systems.

Das et al. (2019a) compared cardio-respiratory parameters in sixteen lightweight and eleven
heavyweight elite rowers. The heavyweight rowers completed the 2000m rowing ergometer
test 2.4% faster than the lightweight rowers. This is approximately three times less than the
difference Secher and Vaage (1983) found on the rowing ergometer, whereby heavyweight
rowers were 7.4% faster than lightweight rowers. These heavyweight rowers had a higher VO2
uptake than the lightweight rowers on average, however weight adjusted VO2 measurements
found that lightweight rowers were capable of using much more oxygen per kilogram of
bodyweight than heavyweight rowers. Therefore, while heavyweight rowers had a larger
absolute aerobic capacity, which gives them greater aerobic endurance on a rowing machine,
where weight is not detrimental to performance, and allows them to be faster than lightweight
rowers on average. This certainly will not be the case in a racing shell, where the added body
weight will increase drag (Doyle et al., 2010). In fact, Otter-Kaufmann et al. (2019) also found
that aerobic capacity was had the strongest correlation with ergometer performance, however
in a racing shell, lower limb power was best correlated, then followed by aerobic capacity.
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1.2.2.2 Muscular Power
Although aerobic glycolysis accounts for 67-79% of the energy production during a 2000m
row, the remaining 21-33% of anaerobic energy production still has a significant role to play
in determining rowing performance (Roth et al., 1983; Secher 1990). Anaerobic glycolysis
resynthesises ATP rapidly, and therefore can facilitate powerful muscle contraction, which
translates to higher boat speed (Cerasola et al., 2020). Das et al. (2019b) displayed data every
500m during a maximal 2,000m ergometer row where both lightweight and heavyweight
rowers are fastest in the first 500m. The first 500m is likely the fastest as it is common for
rowers to sprint the first 100m, to overcome the inertia of the boat, or of the flywheel on a
rowing ergometer, which requires substantial muscle power and therefore be highly dependent
on the ATP-phosphocreatine energy system.

Literature frequently makes use of a traditional or modified Wingate test to measure anaerobic
power (Otter-Kaufmann et al., 2019; Akça, 2014; Smith and Hopkins, 2012; Mikulic et al,
2010). Mikulic et al. (2010) used a modified Wingate test on the rowing ergometer to for talent
identification for 297 junior rowers. Within these twelve to eighteen-year-old rowers, there was
a strong positive correlation between the rower’s age and their power output, and the author
suggested that when weight adjusted, power output can be a valid measure for assessing talent.
However, this study did not link these results with the rower’s 2000m times, and therefore it is
uncertain whether power output can predict 2000m time, both on the rowing ergometer and in
racing shells.

Further, Penichet-Tomás and Pueo (2017) quoted research by Secher (1975) who measured
power in heavyweight international rowers, national rowers, and club rowers, and found that
the international rowers could produce 11.5% and 22.9% more power, on average, than the
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national and club rowers, respectively. This indicates that more successful rowers tend to be
more powerful, and therefore suggests that muscular power is a determinant of rowing
performance. Nevertheless, it must be noted that although explosive elastic strength was
strongly correlated with ergometer efficiency, it did not, however, act as a determinant of
2000m performance. The author of this study explicitly stated that the fatigue index was not
useful for predicting rowing performance.

In contrast, Mikulic et al. (2010) refers to the work by Riechman et al. (2002), which proposed
that the Wingate test, when used in conjunction with the fatigue index and VO2 max, could
accurately predict 2000m time in both lightweight and heavyweight female rowers, which
directly conflicts with the point from Penichet-Tomás and Pueo (2017).

Ingham et al. (2013) compared the step-wise with the ramp-wise incremental rowing
ergometer tests, and found that a ramp-wise test could be used to find the maximum minute
power. This finds the highest means power during any sixty second period within the test and
is found to be an exceptionally strong predictor of 2000m ergometer time (R= 0.98), and the
authors testify its potential as a monitoring tool for rowers. There is an inherent attraction to
this as the speed of a boat is ultimately related to power output and as such it is not surprising
that the highest power output over 60 seconds is related to performance time.

1.2.2.3 Flexibility
Both rowing coaches and athletes commonly overlook the sheer significance of flexibility for
rowing performance. A rower must have an adequate amount of flexibility in the hip, as it is
crucial that the athlete can reach a wide catch angle easily, without disturbing the speed of the
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shell during the recovery phase of the stroke. It is also important to maximise the length of
each stroke on both the water and on the rowing ergometer (Secher, 1993).

Dey et al. (2015) refers to both Secher (1983) and Ingham et al. (2002), who correlated rowing
performance with longer stroke lengths. The authors found a strong positive correlation (R=
0.763) between stroke rate and flexibility but does not directly compare flexibility with 2000m
performance. Longer strokes can be beneficial to rowing performance, though there is no
strong evidence from this literature that there is a correlation between this and rowing
performance, as most studies did not mention flexibility in their review. Therefore, more
research is required in this area.

1.3 Conclusion
The results from a rowing ergometer are undoubtedly correlated with racing shell time,
however this relationship is inconsistent and therefore difficult to predict, making a racing shell
model more unreliable than on an ergometer.

Anthropometrically, weight appears to be the key indicator of rowing speed. Height, arm span
and leg length are correlated with rowing performance, though whether they are independent
predictors of 2,000m time or simply correlates of weight is unclear.

Based on the fitness variables, aerobic endurance (5,000m time) and muscular power (100m
time) appear to be strong predictors of 2,000m time. Flexibility’s relationship with rowing
performance is currently unclear due to lack of research.
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1.4 Research Aims
Rowing performance is complex and composed of many variables. Several studies have
attempted to assess each of these independently, evaluate the significance of each and come to
a conclusive equation which can predict rowing performance accurately. However, these
equations are made up with variables that are difficult to measure for the average person.
This paper aims to unweave the complexity of rowing performance, to demonstrate the factors
that most greatly contribute to rowing performance, so that it can aid coaches in appropriately
undertake team selection and create training programs.
The objective of this paper is to produce an equation which can accurately predict 2000m time
based on the strong contributing factors to rowing performance. This will use measurements
which are already known, or are easily measured, unlike prior studies in the field, so that all
coaches and athletes can input these data points to figure out what their 2000m time should be,
by referencing their anthropometric and fitness data.
This study aims to answer what factors are most correlated with 2000m rowing ergometer
time, and how these interact to produce the true performance of an athlete.
1.4.1 Research Questions
This research ultimately aims to create a predictive calculator, whereby a rower or their coach
can input their anthropometric and fitness data, returning an estimate of how long it would take
them to complete a 2,000m time trail on a C2 rowing ergometer. This paper intends to answer
the following three questions:
1. Which already known and easily measurable anthropometric and fitness variables most
strongly correlate with 2,000m rowing ergometer time?
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2. Can these factors be used to create an accurate predictive model for 2,000m rowing
ergometer time through a multiple regression equation?
3. How strongly does the 2,000m rowing ergometer time correlate with 2,000m in a single
scull? And therefore, how valid is this calculator for predicting single scull time after a time
conversion?
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Chapter 2: Research Design
2.1 General
The purpose of this study was to identify factors which contribute to 2,000m rowing ergometer
performance and create a multiple regression equation. This equation allows any rower or their
coach to enter their own data to create an estimate of 2,000m row time on the C2 rowing
ergometer. Unlike previous studies from Cerasola et al. (2020), Majumdar et al. (2017) and
Akça (2014), the data used within this calculator came from commonly known information for
a rower or otherwise easily measured, and therefore this calculator may be relatively more
convenient. The results from this study may also help coaches determine the priorities for team
selection and training programs, by indicating key factors are most strongly correlated with
2,000 rowing ergometer performance. Finally, this study explored the relationship between C2
rowing ergometer performance and single scull performance, as this determined the reliability
and applicability of this equation for a single scull.

As Rajasekar et al. (2013) describes, this methodology explained the processes that were
undertaken to describe and predict a phenomenon- in this case 2,000m rowing ergometer time.
This chapter will cover the general design, the instruments employed and finally the statistical
analysis procedure.

2.1.1 Design
This study employed a positivist paradigm, as the aims assumed that rowing performance can
be entirely predicted by discovering and measuring the significance of all contributing factorsincluding physical, environmental, and psychological variables (Kaboub, 2008). Although this
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study only considered some of the physical variables, the principle was that these alone might
have accounted for much of the variance in rowing performance.

This was a comprehensive study, making use of a quantitative questionnaire using cluster
sampling as it only contacted rowing clubs within the UK and Ireland (Frey, 2018).
Quantitative data was most appropriate for this research as it could wholly answer the research
questions, and only numeric data is entered into the equation (Goertzen, 2017). Qualitative data
does have its merits, particularly in behavioural research, however it was not applicable for this
study for various reasons. Firstly, it would have unnecessarily asked for excessive, potentially
subjective, information from the participants, which is both unethical and time consumingwhich could have led to a lower response rate (Sahlqvist, 2011). Quantitative data is also more
objective, specifically in the form of a standardised questionnaire (Jones et al., 2013). This is
because qualitative data analysis requires a degree of subjectivity, and therefore these results
were likely more valid (Rovai et al., 2014). Finally, quantitative data is much more time
efficient for processing, which was critical in this study with a large sample size and only one
researcher (World Health Organisation, 2008). One prominent disadvantage of the online
quantitative questionnaire was that there was little that could be done to ensure truthful data
entry and the standardisation of measurements (Rahman, 2016), which may have reduced both
the validity and accuracy of the data.
2.1.2 Participants
Green (1991) found some support that the minimum number of participants required for a
multiple regression analysis is:
𝑛 ≥ 50 + 8 × 𝑚
where ‘n’ is number of participants, and ‘m’ is number of predictors. Hence, the suggested
minimum number of participants for this study was 130, with the ten potential predictors. This
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sample size was not achieved, with n= 111. However, the author noted that when m is greater
than 7, it creates values too high for n. In addition, this equation assumes that there will be a
medium sized relationship between the dependent variable and the predictors. Therefore, the
true minimum may be higher or lower.

The questionnaire was distributed via email to every rowing club in the UK and Ireland with
rowers over the age of eighteen. To incentivise a higher response rate, a £20 Amazon gift card
was offered as a prize to one of the respondents. As Deutskens et al. (2004) has shown, this is
an effective method to increase response rate in short online surveys. However, this is an older
piece of research, when the internet was in the earlier stages, and therefore may not be as valid
in the current environment.
2.1.3 Ethics
This research was approved by a dissertation supervisor of Stranmillis University College, and
it also followed the National Institutes of Health (2016) guidelines for ethical research where
applicable- including scientific validity, informed consent, and respect for all participants.

The informed consent form (see appendix 1) provided information to participants on the aims
of the research, the nature of data being collected, and how the data would be used. This form
also communicated the individual’s full right to withdraw. The research posed a low risk to
respondents as the information provided was not highly sensitive- other than the optional entry
of an email address. No other identification information was provided, and therefore anonymity
was maximised to the extent that an individual could enter their information with no
traceability. The data was confidential and contained in a spreadsheet locked with a password.
Access to the full data was, and will only be given to appropriate bodies, where necessaryincluding the university college and potentially to publishing organisations for peer-review.
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2.1.4 Population
This study had 111 responses after emailing over 500 clubs throughout the United Kingdom
and Ireland, once four responses were removed (no 2,000m erg time given, duplication of entry,
clear errors, and ergometer times not derived from a Concept 2 machine).

2.1.5 Procedure
The data for this research was collected through a quantitative questionnaire. Because of this,
all information was self-reported and therefore there was little control on the accuracy of the
data collected. The original intent was to collect data in laboratory conditions through
experimentation. However, due to the situation of COVID-19, ethical considerations made this
impossible, as the risk to participants was greater than the value of the research outcomes.

The questionnaire was emailed to every rowing club within the UK and Ireland with rowers
over the age of 18. It was sent on the 23rd of February and closed on the 8th of March and
requested information on the following topics: sex; age; height; weight; arm span; inside leg
length; 2,000m ergometer time; 5,000m ergometer time; 100m ergometer time; and a rating of
flexibility. 100m and 5,000m rowing ergometer times are indicators of muscular power and
aerobic endurance, respectively. It also welcomed information on 2,000m singe scull time and
an email address to enter the competition- both optional. The responses were downloaded into
a spreadsheet and analysed through Microsoft Excel’s data analysis tools and IBM’s Statistical
Package for the Social Sciences 26 (SPSS) (National Institutes of Health, 2016).
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2.2 Instruments
2.2.1 Questionnaire
The questionnaire (see appendix 1) was a simplistic data entry form, composed of
dichotomous questions, short answer text boxes, and a Likert scale between one and ten for the
flexibility rating. The questionnaire was not adapted from any existing literature and was not
piloted due to the simplistic nature of the form. It was delivered through a Google Forms link
within an email, and the data was automatically returned within Google Forms, before being
exported to a spreadsheet.
The questionnaire began with an informed consent form. After continuing, section two was
comprised of personal questions such as “what is your height in in centimetres?”. Section three
asked questions relating to the rower’s performance such as “what was your most recent
5,000m time?”. Finally, section four allowed the user to enter their email address for the
competition and submit the completed form.
2.2.2 Limitations
Originally, this research was supposed to be based in laboratory conditions, where
standardised tests could be conducted. However, due to the COVID-19 restrictions, it was
converted to a self-reported questionnaire. Although this greatly increased the sample size, it
will likely be less reliable and therefore less valid. For example, flexibility changed from a sit
and reach test to a rating between 1 and 10 based on their ability to touch their toes. This is
because it was too difficult to standardise this test for everyone at home. Nevertheless, most
measurements were easily measured and therefore reliability should not have varied greatly.
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The second limitation was that measurements, specifically rowing times, will be based on
previous results and therefore they may be time delays between data, and hence validity was
reduced. For example, an athlete’s latest 2,000m time may have been recorded 3 months ago,
and during that time they have gained 5kg in weight, making the data disconnected from reality.

2.3 Analysis
2.3.1 Statistical Analysis
The data collected from this research was listed in a spreadsheet by individual. Excel was used
to produce summary statistics, a Pearson correlation matrix, paired t-tests and linear
regressions. The data was also imported into SPSS 26, where multiple linear regression
analysis was conducted. The criteria for exclusion used was the Akaike information criterion
(AIC) within the forward stepwise model building method. AIC was selected over R2 as it
provides the highest quality equation- as it attempts to maximise accuracy using the fewest
number of independent variables as possible- which improved user experience as it requires
less data measurement and entry (Taylor, 2005). The stepwise technique does have several
limitations such as an increased risk of false positives, biases in parameter estimation and
forced statistical significance (Smith, 2018; Whittingham, 2006).

Following this model building, the linear multiple regression equation was created using the
unstandardized beta coefficients for each of the independent variables and the intercept via the
following equation:
𝑌 = 𝑎 + 𝑏1 𝑥1 + 𝑏2 𝑥2 ⋯
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whereby “𝑌” is the dependant variable, “𝑎” is the intercept, “𝑏1 ” is the beta coefficient of the
"𝑥1 ”, and “𝑥1 ” is the first independent variable. 𝑏1 𝑥1 continues for each of the independent
variables as “𝑏𝑛 𝑥𝑛 ” (Saint-Germain, 2001).

This intercept and the beta coefficients, which were output by SPSS, were used to form the
equation, and henceforth users can enter their own data into the “𝑥𝑛 ” field to estimate “𝑌”
(2,000m time). For user friendliness, this will be done using data entry boxes on a website (see
appendix 2). The adjusted R2 value showed the accuracy of the equation.

The validity of this calculator for single scull time was determined by completing a linear
regression, and evaluating the P value, R2 and residual distribution. If found to be strongly
correlated, this equation may be valid to be converted into single scull time- though due to the
complexity of singe scull performance, the validity and reliability of this will likely be lesser
(McNeely, 2012).
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Chapter 3: Presentation of Results
3.1 Sample Background: Summary Statistics
Table 3.1: Sample Summary Statistics
2,000m
Time

Age

Height

Weight

Arm Span

Leg
Length

5,000m
Time

100m
Time

Flexibility

2,000m
Single Scull
Time

Mean

422.16

31.73

181.61

80.28

182.36

85.33

1127.54

17.37

7.72

458.00

Median

414.00

26.00

183.00

80.00

184.00

85.00

1100.00

16.85

8.00

440.00

Count

111

111

111

111

107

106

98

104

111

25

Confidence
Level
(95.0%)

8.55

2.83

1.99

2.52

2.68

1.56

23.73

0.50

0.36

18.52

This sample was 74.8% male and 25.2% female. The rowers were 93.7% experienced (rowing
for one year or longer) and 6.3% novice (rowing for less than one year). The mean height of
the sample was 181.6cm ±1.99cm (male= 186cm, female= 170cm, standard deviation=
10.6cm) and the mean weight was 80.3kg ±2.52kg (male= 84kg, female= 69kg, standard
deviation= 13.4kg). Furthermore, the mean 2,000m rowing ergometer time was 422.16 ±8.55
seconds (male= 405 seconds, female= 474 seconds).
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3.2 Which Already Known and Easily Measurable
Anthropometric and Fitness Variables Most Strongly
Correlate with 2,000m Rowing Ergometer Time?
Table 3.2 Pearson’s Correlation Matrix For 2,000m Rowing Ergometer time and All Tested
Independent Variables
2,000m
Time

Sex

Age

Experience
Level

Height

Weight

Arm Span

Inside Leg
Length

5,000m
Time

100m Time

2,000m
Time

1.00

Sex

-0.67

1.00

Age

0.41

-0.16

1.00

Experience
Level

0.02

0.02

-0.09

1.00

Height

-0.71

0.65

-0.26

0.04

1.00

Weight

-0.53

0.51

-0.01

-0.14

0.71

1.00

Arm Span

-0.72

0.69

-0.16

0.12

0.85

0.63

1.00

Inside Leg
Length

-0.24

0.33

0.04

0.08

0.36

0.27

0.39

1.00

5,000m
Time

0.92

-0.63

0.40

-0.04

-0.68

-0.38

-0.67

-0.17

1.00

100m Time

0.83

-0.75

0.40

-0.05

-0.72

-0.57

-0.73

-0.27

0.79

1.00

Flexibility

0.16

-0.28

0.06

-0.13

-0.18

-0.07

-0.13

-0.09

0.15

0.20

Flexibility

1.00

Highlighted column shows the correlations of the dependant variable (2,000m rowing ergometer time) against the independent variables.
All correlations between 2,000m time and the independent variables are statistically highly significant (P<.001).

5,000m time was found to be the strongest correlating variable with 2,000m time- with a
positive correlation of 0.92 (n= 98, 95% credible interval = [0.88, 0.95]). Other strongly
correlated variables with 2,000m time, with correlations between 0.7 and 1 (Ratner, 2009),
included a positive correlation of 0.83 with 100m time (n= 104, 95% credible interval = [0.75,
0.88]), and two negative correlations with arm span and height of -0.72 (n= 107, 95% credible
interval = [0.80, 0.61]) and -0.71 (n= 111, 95% credible interval [-0.79, -0.60]), respectively.
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3.3 Can These Factors Be Used to Create an Accurate
Predictive Model for 2,000m Rowing Ergometer Time
Through a Multiple Regression Equation?
The forward stepwise model, using information criterion (AICc), for a sample of 111 rowers,
found that 5 independent variables resulted in the highest quality multiple regression equation
with the lowest AICc score. These variables were 5,000m time, 100m time, weight, age, and
arm span- and the variables excluded were sex, experience level, height, inside leg length, and
flexibility. This analysis resulted in the following model:
2,000𝑚 𝑅𝑜𝑤𝑖𝑛𝑔 𝐸𝑟𝑔𝑜𝑚𝑒𝑡𝑒𝑟 𝑇𝑖𝑚𝑒
= 219.367 + 0.198 × 5000𝑚 𝑇𝑖𝑚𝑒
+ 5.162 × 100𝑚 𝑇𝑖𝑚𝑒 − 0.539 × 𝑊𝑒𝑖𝑔ℎ𝑡
+ 0.308 × 𝐴𝑔𝑒 − 0.419 × 𝐴𝑟𝑚 𝑆𝑝𝑎𝑛
With 5 independent variables used, the minimum number of participants required for this study
to ensure validity is:
𝑁 ≥ 50 + 8 × 5
𝑁 ≥ 90
With 111 participants, and 98 being the lowest number of responses to a single independent
variable, this equation’s sample size exceeds the minimum number of participants
recommended by Green (1991).

As seen in Table 3.3, 5,000m time has a coefficient of 0.198 which accounts for 67.7%
(p<.001, 95% confidence interval = [0.147, 0.249]) of the variance in 2,000m rowing ergometer
time in this equation. After this, 100m time (13.6% importance, p=.001), weight (8.6%
importance, p<.01), age (5.6% importance, p<.05) and arm span (4.5% importance, p=.051)
are the next most important variables, respectively. The Y intercept is 219.367 (p<.001).
Normative data from this study can support the analysis of a rower’s time (see appendix 3).
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Table 3.3: Multiple Regression Coefficients for 2,000m Rowing Ergometer Time

This equation has an adjusted R2 of 0.822, meaning that the model accounts for 82.2% of the
variation in 2,000m scores. The residuals from this model have a close to normal distribution
(mean= 0.002, standard deviation= 1.012) in Figure 3.4- adding to the validity of this equation.
Figure 3.1: Normal Probability Plot of Studentized Residuals for Multiple Regression
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3.4 How Strongly does the 2,000m Rowing Ergometer Time
Correlate with 2,000m in a Single Scull?
A regression model (n= 25) was also created for 2,000m time on the rowing ergometer (mean=
408 seconds, standard deviation= 48.4 seconds) vs a single scull (mean= 458 seconds, standard
deviation= 44.9 seconds), resulting in the following formula (plotted in figure 3.5):
2,000𝑚 𝑆𝑖𝑛𝑔𝑙𝑒 𝑆𝑐𝑢𝑙𝑙 𝑇𝑖𝑚𝑒
= 140.928 + 0.777 × 2,000𝑚 𝑇𝑖𝑚𝑒
Figure 3.2: 2,000m Rowing Ergometer Time vs 2,000m Single Scull Time
Rowing Ergometer vs Single Scull Time
600

y = 0.7691x + 144.06
R² = 0.682

580

Single Scull Time (Seconds)

560
540
520
500

480
460
440
420
400
350

400

450

500

550

600

Rowing Ergometer Time (Seconds)

This equation has an adjusted R2 of 0.676, meaning that this the model accounts for 67.6% of
the variation in 2,000m scores between a Concept 2 rowing ergometer and a fine single scull
using an intercept of 140.928 (p<.01, 95% confidence interval = [48.454, 233.402]) and
2,000m rowing ergometer time coefficient of 0.777 (p<.001, 95% confidence interval = [0.552,
1.003]) The residuals from this model are normally distributed (mean= -0.012, standard
deviation= 1.040) in Figure 3.6- supporting the validity of this equation.
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Figure 3.3: Normal Probability Plot of Studentized Residuals for Rowing Ergometer Time vs
Single Scull Time
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Chapter 4: Analysis and Discussion
4.1 Research Aims and Questions
This study aimed to answer three research questions:
1. Which already known and easily measurable anthropometric and fitness variables most
strongly correlate with 2,000m rowing ergometer time?
2. Can these factors be used to create an accurate predictive model for 2,000m rowing
ergometer time through a multiple regression equation?
3. How strongly does the 2,000m rowing ergometer time correlate with 2,000m in a single
scull? And therefore, how valid is this calculator for predicting single scull time after a time
conversion?

Using this information, the outcome was that an online predictive calculator was created (see
appendix 2), whereby a rower or their coach can input their anthropometric and fitness data,
returning an estimate of how long it would take them to complete 2,000m on a C2 rowing
ergometer and in a single scull.

This discussion will analyse the results from this study for each research question and discuss
their significance in relation to real world application, in addition to comparing them to other
research findings.

4.2 Correlations
Table 3.2 is a Pearson’s correlation matrix which shows the correlation coefficients (R)
between one variable and another. These correlations will be interpreted using the guidelines
stated in Ratner (2009) whereby values between 0 and 0.3; 0.3 and 0.7; and 0.7 and 1 represent
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a weak, moderate, and strong positive correlation, respectively. Negative values make the
relationship inversely correlated. A positive correlation in this situation means that as the
independent variable’s value increases, so does 2,000m time- which makes this variable
detrimental to performance. To emphasise, all independent variables were statistically highly
significant against 2,000m ergometer time (p<.001).

4.2.1 Strongly Correlating Independent Variables
Aerobic Endurance was the strongest independent variable, with a strong positive correlation
(r=0.92), meaning that an increase in 5,000m time will also increase 2,000m time. This is
expected as the physiological demands of a 5,000m row are like that of a 2,000m row (Lawton,
2012). These findings agree with much of the literature which shows an inverse correlation
between VO2 max and 2,000m time (Das et al., 2019, Otter-Kaufmann et al., 2019; Secher and
Vaage, 1983), especially Kendall et al. (2011) who found the same correlation with 2,000m
time (R= -0.92) using VO2 max score in experienced female rowers- which was also the
strongest correlating variable in their study.

Muscular power also had a strong positive correlation (R= 0.83) with 2,000m ergometer time,
meaning that as 100m time increases, so does 2,000m time. Although there is little to no current
research on the correlation between 100m time and 2,000m time, this relationship agrees with
much of the existing research of the impact muscular power has on 2,000m time (OtterKaufmann et al., 2019; Penichet-Tomás and Pueo, 2017; Akça, 2014; Ingham et al., 2013,
Mikulic et al., 2010). This strong correlation is expected as 21-33% of the energy production
during a 2,000m time trial is potentially derived from anaerobic glycolysis (Roth et al., 1983;
Secher 1990).
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Furthermore, arm span was found to have a strong negative correlation (R= -0.72) with 2,000m
ergometer time. Akça (2014) found the same inverse correlation of R= -0.72, among other
authors who also found that an increase in arm span decreases the time taken to complete
2,000m (Majumdar et al., 2017; Homer, 2014). This is likely because longer limbs facilitate a
longer stroke length, which should therefore translate to more force being applied per stroke at
a greater efficiency (Majumdar et al., 2017).

Lastly, height was found to have a strong negative correlation (R= -0.71) with 2,000m
ergometer time- suggesting that an increase in height decreases the time taken to complete
2,000m. This result lies between the findings of Cerasola et al. (2020), Majumdar et al. (2017)
and Penichet-Tomás and Pueo (2017) who found a correlation with 2,000m time and 2,000m
performance of R= -0.88 (p<.0001) R= -0.34 (p<.001) and R= 0.87 (p<.01), respectively, a
height, similar to arm span, can support a longer stroke length which increases rowing
efficiency.

4.2.2 Moderately Correlating Independent Variables
Sex was entered in binary- with a “1” representing females, and a “2” representing males. Sex
had a moderate negative correlation (R= -0.67) with 2,000m time- suggesting that being male
reduces 2,000m time and therefore is beneficial to 2,000m performance. This agrees with the
limited existing literature, such as the findings from Ingham et al. (2002) which found that
males were 7.7% faster than females during 2,000m on the rowing ergometer. A correlation
with 2,000m is expected as sex is a determinant of many of the variables that predict rowing
performance, and because it influences the predictive variables- namely aerobic capacity and
lower limb strength (Otter-Kaufmann et al., 2019).
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Weight had a moderate negative correlation (R= -0.53) with 2,000m time- similar to Majumdar
et al. (2017), where they found R= -0.51 (p<.001), though was lesser than the strong
correlations of 0.82 (p<.0001) and 0.89 (p<.01) found by Cerasola et al. (2020) and PenichetTomás and Pueo (2017), respectively. Although, it must be noted that these two studies
reported exclusively on elite rowers, whereas this current study sampled from the entire clublevel population. It is anticipated that weight would improve 2,000m time, as in the current
sample a higher body mass would tend to indicate a higher degree of muscle mass. On the static
rowing ergometer, where weight is not significantly detrimental to performance, unlike a single
scull, an increase in weight should correlate with increase rowing performance- but this likely
determined by muscle mass rather than overall weight.

Age had a moderate positive correlation (R= 0.41) with 2,000m ergometer time- suggesting
that an increase in age results in an increase in 2,000m ergometer time. This is reasonably close
to the correlations found by Cerasola et al. (2020) and Majumdar et al. (2017) of R = -0.49
(p=0.051) and -0.46 (p<.001). It is expected as a rower gets older, their 2,000m time should
increase also as there is a negative correlation between age and the other correlated variables.
Although, as seen in Table 3.2, age has a weak correlation with all independent variables, other
than a moderate correlation with both 5,000m (0.4, P<.001) and 100m time (0.4, p<.001). This
suggests that age is either an independent predictor of 2,000m time, or correlated with another
predictor not accounted for in this study. However, it must be noted that the trendline between
age and 2,000m time in non-linear- as shown within the large study (n=15420) by Silva-Alonso
et al. (2018), 2,000m time is lowest between 23-25 years old- depending on sex and weight.
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4.2.3 Weakly Correlating Independent Variables
Inside leg length (R= -0.24), flexibility (R= 0.16) and experience level (R= 0.02) had weak
correlations with 2,000m ergometer time. Interestingly, although arm span was a strong
predictor of ergometer time, leg length was not- despite Akça (2014) finding a strong
correlation (R= -0.70, p<0.01) between these two variables. A weak correlation with flexibility
was not surprising as it appears to offer little significant improvement with 2,000m time other
than supporting a longer stroke length. Though, the subjective rating of flexibility used in this
study may cause this correlation to be less valid than a standardised test. Experience level can
represent numerous variables but was intended it distinguish more skillful rowers over novice
rowers. There was relatively no correlation between experience level and 2,000m time,
however this result may be unreliable due to the small sample of novice rowers in this study
(n=7).

4.3 Multiple Regression Equation
The fundamental aim of this paper was to create a multiple linear regression equation for
rowing performance, which consists of easily measured variables so that it is accessible to most
rowers and coaches. This section will discuss the quality of the model, and briefly discuss the
order of importance of the independent variables within the equation.
4.3.1 The Quality of the Model (250)
2,000𝑚 𝑅𝑜𝑤𝑖𝑛𝑔 𝐸𝑟𝑔𝑜𝑚𝑒𝑡𝑒𝑟 𝑇𝑖𝑚𝑒
= 219.367 + 0.198 × 5000𝑚 𝑇𝑖𝑚𝑒
+ 5.162 × 100𝑚 𝑇𝑖𝑚𝑒 − 0.539 × 𝑊𝑒𝑖𝑔ℎ𝑡
+ 0.308 × 𝐴𝑔𝑒 − 0.419 × 𝐴𝑟𝑚 𝑆𝑝𝑎𝑛
The model holistically had an adjusted R2 of 0.822, meaning that the model explains 82.2%
of the variance within the sample. This is a strong model overall which should estimate 2,000m
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ergometer time to a high degree of accuracy. However, its accuracy likely diminishes in certain
situations. Firstly, the sample was heavily weighted towards males (74.8%) and experienced
rowers (93.7%). Therefore, it is suggested that the accuracy will be less for female and novice
rowers. Secondly, the mean weight of the entire sample was 80.3kg, with a median of 80.0kg.
This means that the equation is tailored towards heavier rowers, and lightweight rowers will
likely find more inaccuracies in their results. Thirdly, the linear model assumes age has a linear
relationship to performance when it is actually likely to be curvilinear: performance improving
with increasing age until the mid to late 20’s and declining thereafter., (Silva-Alonso et al.,
2018). Furthermore, two-thirds (66.7%) of the model is determined on 5,000m time, and
therefore there is a risk that if a rower underperforms on this test, that their estimated 2,000m
time may be higher than their potential. Therefore, if this model is abused by coaches, this
could lead to unfair team selection. Lastly, the sample size was marginally above the minimum
for multiple regression as suggested by Green (1991) for the 5 included variables. However, it
was below this minimum sample size of 130, if accounting for all tested variables, and therefore
the reliability of this model may be inferior.

4.3.2 The Usefulness of the Model
The AICc exclusion criteria, which aims to maximize accuracy with the least number of
independent variables (Taylor, 2005), found that 5 independent variables produced the most
efficient equation. The equation suits the requirement set of only being comprised of known or
easy to measure variables. Age is an already known variable; weight, 100m time and 5,000m
time are likely to be known by rowers; and arm span is easily measured. Even if these data
points aren’t known, such as within a group of novices, a coach could easily collect this data
in a within one hour, by conducting a 100m test, taking age, weight and arm span measurements
during a resting period, and then completing a 5,000m test. This is an easier calculator to use
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than those produced from the other papers, although as is frequently the case the easier the data
collection is the less accurate the results tend to be.

Cerasola et al. (2020) created an equation with only four variables achieving a remarkable R2
of 0.94. However, this required VO2 max and a Wingate test, which are difficult to undertake
outside of laboratory conditions. Akça (2014) created a model which required eleven inputsincluding Wingate tests, one-repetition maximum weighted exercises and lean body mass.
Although the R2 is 0.92, the complicated tests make it impractical for many coaches. Majumdar
et al. (2017) created an equation using anthropometrics such as body fat percentage, grip
strength and somatotype. Again, this is impractical, and only offers an R2 of 0.44.

4.4 Rowing Ergometer vs Single Scull
4.4.1 Quality of the Equation
This study undertook a simple linear regression between rowing ergometer time and single
scull time, resulting in the following equation:
2,000𝑚 𝑆𝑖𝑛𝑔𝑙𝑒 𝑆𝑐𝑢𝑙𝑙 𝑇𝑖𝑚𝑒
= 140.928 + 0.777 × 2,000𝑚 𝑇𝑖𝑚𝑒
This equation had an adjusted R2 of 0.676, which appears moderately strong, however, there
are several severe limitations of this conversion. Firstly, it assumes that performance on the
ergometer is perfectly correlated with performance in a single scull, which is untrue (McNeely,
2012). The correlation between these two variables is likely strong (Schabort et al., 1999; Smith
and Hopkins, 2012; Soper and Hume, 2004; Urichianu and Vladimir, 2010), though as the
equation does not factor weight, drag is not accounted for in single scull performance, which
decreases the reliability of the equation (Doyle et al., 2010).
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Secondly, the sample size of 25 is likely too small to create a reliable conversion between
these times. This is especially true due to the large variance in times there are depending on
weather conditions and technical ability. And finally, the self-reporting nature of these times
means there is little evidence that these times are true, and one wrong time within this small
sample can skew the results greatly.

Ideally, the methods undertaken to form the rowing ergometer equation, using multiple
regression, could be duplicated for single scull time, as this would result in a more
sophisticated, and therefore more accurate model for single scull time. However, due to the
limitations in sample size, a multiple regression equation was not possible as the resulting
equation would be invalid and unreliable.

In respect of these limitations, this equation is likely not a valid means of estimating a rower’s
single scull time, and its results should be treated with caution. Nevertheless, single scull time
is difficult to predict, due to the large impact other variables can have on a rower’s performance
on the water.
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Chapter 5: Conclusions and
Recommendations
5.1 Conclusions
The aim of this research was to correlate and predict 2,000m rowing ergometer time with ten
anthropometric and fitness variables. Unsurprisingly, 5,000m ergometer time (R= 0.92,
p<.001) and 100m ergometer time (R= 0.83, p<.001) were the two most strongly correlating
variables, in addition to arm span ((R= -0.72, p<.001) and height (R= -0.71, p<.001).

Similarly, 5,000m time and 100m time were the most important predictors of 2,000m rowing
ergometer time within the multiple regression equation, accounting for 67.7% and 13.6% of
2,000m ergometer time, respectively. Three of the remaining seven independent variables were
included within the equation- namely weight (8.6% importance), age (5.6% importance), and
arm span (4.5% importance). This equation was high quality, with an R2 of 0.822 and a close
to normal distribution of residuals though there are several limitations including the selfreported nature of the study and a small sample size. Nevertheless, it is a useful model that
offers strong levels of practicality and performance prediction in normal rowing environments.

Finally, an equation was created to attempt to convert 2,000m rowing ergometer time to
2,000m single scull time. Unsurprisingly, this equation was less accurate with a R2 of 0.676
and has numerous limitations- particularly the small sample size.

This study is the first in its kind to use already known and easily measurable independent
variables- which greatly enhances its usefulness to rowers and coaches. This research is
beneficial for coaches as a means of supplementing existing team selection and talent
identification criteria, in addition to validating goal setting and training programmes.
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5.2 Limitations
The small sample size of 111, along with the self-reported data obtained from the
questionnaires, may reduce the reliability and validity of these results. Secondly, this study was
skewed towards experienced heavyweight male rowers, and therefore other rowers may be
under-represented and therefore have less accurate results. Furthermore, the multiple linear
regression model lacks complexity and therefore may misinterpret the complex relationships
between the variables and 2,000m ergometer time. Lastly, the water time conversion ignores
the imperfect relationship between ergometer time and single scull time. Paired with the low
sample size of 25, this conversion is over-simplistic and therefore not suitable for accurately
determining single scull speed.

5.3 Recommendations
This study produced a framework for creating an accurate model for predicating rowing
ergometer performance, without the need for complicated and time-consuming tests. A larger
sample size would aid a more accurate and valid model, particularly if tests were conducted in
a laboratory or other standardised environment where measurement can be consistent. The use
of a quadratic regression model could add significant value to the equation as the model would
be able to account for more of the variation in results and therefore would be more accurate
across a wider range of athletes. Furthermore, accounting for a wider number of independent
variables, like those outside of the physical domain, such a psychology and skillfulness, could
help to better predict 2,000m rowing ergometer time.

In terms of predicting rowing time on the water, a much more complex model is necessary.
Racing shell time is dependent on a multitude of variables including water and weather
conditions, the technical ability of the rower, drag and therefore weight, and even the condition
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and model of the shell. All these factors would need to be incorporated into a predictive
equation, which makes this venture even more challenging.

Finally, future research should focus on predicating performance in junior rowers, male and
female rowers as separate entities in addition to rowers with disabilities.

Word count: 8,816
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Appendix 1: Questionnaire

ANTHROPOMETRIC AND FITNESS VARIABLES AS A
PREDICTOR OF 2000M ROWING ERGOMETER TIME
Informed Consent

My name is Cavan Hagan (2 seat in the quad above) and I am a third-year Health, Physical Activity and Sport student at Stranmillis
University College, Belfast. As part of this degree, I am required to undertake a research study in the form of a dissertation.

This research study seeks to measure the impact that several factors have on 2,000m rowing performance on the rowing
ergometer- such as weight, height and 100m time. This questionnaire is requesting information from you on these factors and will
use them to create an online calculator which can predict a rower’s performance.

Any information you provide will be confidential, and you may choose to remain completely anonymous. However, to be entered
into the prize draw for the £20 Amazon gift card you will need to enter your email address so that I can contact you if you win.
Although, I will not contact you for any other reason and your email address will not be shared with any third parties.

The results from this study may be published, and the calculator created within this dissertation will be uploaded onto a website
(www.cavanhagan.com/rowing-calculator). Participation in this research is optional, and you have the right to withdraw at any time.

You must be at least 18 years old to complete this questionnaire and unfortunately the scope of this study will not include those
with disabilities which have an impact on rowingperformance.

If you have any queries, feel free to contact me through the following mediums: Email: CCH23@stran.ac.uk
Phone: 07470618055

By continuing, you consent to your data being used as described above. Please complete any questions as accurately as possible.
*Required

Personal

This section will ask you questions about yourself and your body measurements. You will need scales and measuring tape.

Questions

What age are you? *
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What is your sex? *

Mark only one oval.

Female
Male
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What is your experience level? *
Novice meaning less than one year of experience rowing.

Mark only one oval.

Novice
Post-novice

You may require a helper and some equipment for the remainder of this section
Equipment needed: scales and measuring tape.
Please provide the most accurate and up to date measurements, following the picture guidance.

What is your height in centimetres? *

What is your weight in kilograms? *

What is your arm span in centimetres? *
From finger tip to finger tip. This should be similar to your body height.
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What is your inside leg length in centimetres? *
From the ground up the end of the inside of the leg.

Your Performance

I
results may not
be connected with the personal details you gave previously. You will need a measuring tape in
this section.

Concept 2 Rowing Ergometer Times

Please confirm your ergometer times are from the Concept 2 brand machines. *

Mark only one oval.

Yes

No

What was your most recent 2,000m time? (mm:ss) *
Minutes:seconds (e.g. 6:50)

What was your most recent 5,000m time? (mm:ss) *
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Minutes:seconds (e.g. 18:30)

What was your most recent 100m time? (ss.x) *
Seconds.Miliseconds (e.g. 17.5)

How flexible are you? *
With straight legs, how far can you reach your hands?

Mark only one oval.

1

2

3

4

No lower than your knees

5

6

7

8

9

10

Palms of your hands on the floor.

If known, what was your most recent 2,000m time in a fine single scull on flat water? (mm:ss)
Minutes:seconds (e.g. 7:50)

Prize Draw Entry: Submit Answers
you would no
like to enter, leave the field blank. Then please click submit to send
I
www.cavanhagan.com/rowing-calculator - it should be published in March.
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To be entered into the prize draw for a £20 Amazon gift card, please provide your email address.
Remember to check your spam folder. This email will only come from CCH23@stran.ac.uk. Please do not provide any details to any other email address.

Please click the "submit" button below
Thank you for your answers. To submit your form, please click submit below. If you do not click this button, your questionnaire will not be sent and your
entry to the prize draw will not be placed if you entered your email.

This content is neither created nor endorsed by Google.

Forms
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Appendix 2: Online Rowing Calculator

(https://cavanhagan.com/rowing-calculator)

55

Appendix 3: Normative Data
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