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Abstract

Rowing ergometer-based exercise, when performed with appropriate and safe technique, allows
provision of a cardiorespiratory training stimulus whilst minimising excess joint or muscle-tendon
loading that is common to on the feet training. Cardiorespiratory training for athletes is commonly
prescribed using maximal aerobic speed (MAS). MAS is a quantification of external intensity, which
is often estimated from performance in a time trial test. This article provides a guide for how to
measure the MAS of an athlete using a rowing ergometer, and then how to calculate their individual
%MAS for each exercise intensity using common spreadsheet software. This enables the coach to
prescribe steady-state, high intensity interval training (HIIT), and recovery sessions at the required
intensity for that specific person. The examples provided in this article demonstrate how prescribing

external load in this way allows the desired internal load to be achieved.
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Introduction

Cardiorespiratory exercise is an essential element of training programs for both athletic performance
and general health. Target adaptations include: increased stroke volume leading to increased cardiac
output; angiogenesis providing more capillaries for blood distribution to the working tissues;
increased red blood cell count to increase oxygen (O») carrying capacity; increased number and size
of mitochondria to improve energy resynthesis; increased muscle buffering activity to prolong high
intensity exercise and reduce the effects of hydrogen ion (H"), inorganic phosphate (Pi) and carbon
dioxide (CO,) build up; increased reliance on fat for energy resynthesis at rest; increased lactate
shuttling via the Cori cycle (29,34,51). The mode of cardiorespiratory exercise can influence the
training load applied, with whole body exercise (where possible) having a greater influence than
lower or upper body exercise alone (48). Choice of training mode may also have practical advantages,
with training on a cycle or rowing ergometer allowing an athlete to complete ‘off feet’ training. This
may be beneficial during periods of increased technical/tactical sessions where they may be required
to complete a greater number of jumps, bounds and sprints, or be subjected to more body-to-body
impacts. Planning cardiorespiratory training sessions that avoid extra eccentric loads caused by
regular foot-ground impacts would provide a physiological stimulus without additional strain on joint
structures and associated muscle-tendon units (49). Rowing ergometer-based training therefore
provides a useful tool for whole body, off-feet cardiorespiratory exercise. As with all exercise,
however, the outcomes are dependent on the training intensity and load being prescribed accurately

for the individual (27).

Training load is the product of intensity and duration, with the physiological outcome of the session
being determined by how these two variables are manipulated (27). Cardiorespiratory sessions set at a
low-moderate intensity but lasting an extended duration of time are predominantly related to central
changes, i.c., adaptations to the heart, blood and vessels (32,34). Shorter duration sessions at a high
intensity lead to more peripheral adaptations within and around the muscles and the associated
mitochondria (6,23). It must be noted that both high and low intensity/duration sessions affect all

components of the cardiorespiratory system, but the extent to which each component is affected



depends on the aforementioned manipulation of these variables. Accordingly, both ends of the
intensity and duration spectra should be programmed at different points of the competitive cycle to

ensure the athlete receives optimal stimuli and preparation.

High intensity sessions may be defined as those conducted at an intensity eliciting >95% maximal
aerobic capacity (VO,max) and are designed to maximise the time spent close to VO,max whilst
reducing the overall training duration (16). To allow these sessions to be physically achievable they
are constructed of repeated intervals of work interspersed by short periods of recovery, leading to the
label high intensity interval training (HIIT) (33,50). This category of training can be further
delineated into long HIIT (work intervals of usually 2-5 minutes (mins) at >95% VO,max with
passive recovery periods usually of 1-4 mins), and short HIIT (work intervals of usually 10-60
seconds at 100-120% VO,max with active recovery periods usually of 15-60 seconds) (14). Long
HIIT sessions provide many of the central adaptations common to low intensity, longer duration
training sessions alongside some peripheral adaptations. Conversely, short HIIT sessions mainly target
peripheral adaptations with a smaller focus on central adaptations (15). As such, it is vital that any
cardiorespiratory exercise is prescribed and conducted at the correct intensity for the desired
physiological adaptations, which in turn should be determined from the sports performance outcome

measurements and athlete needs analyses (27,46).

Setting the intensity of cardiorespiratory exercise via estimation of the maximal aerobic speed (MAS)
has become more common over the preceding decades (3—5). Whilst the strict physiological definition
of MAS is an area of debate (4,43) it is generally discussed as being the lowest movement velocity or
exercise intensity associated with attainment of VO,max, with this being normally described in metres
per second (m-s™!) (5). Estimation of a person’s MAS therefore provides a maximal aerobic intensity
for external load during cardiorespiratory exercise from which all other cardiorespiratory training
intensities can be derived. Estimating MAS from running or other ambulatory methods can be done
via laboratory based testing, whereby the lowest running velocity at which VO,max occurs
(vVO:max) is recorded and used (41). The 30-15 intermittent test also provides a reliable estimate of

MAS and is a common tool for field-based team sports (11). Estimating and prescribing MAS on



rowing ergometers appears to be less common, potentially due to differences in how intensity and
pace is monitored using these machines. The aim of this article, therefore, is to provide a guide for
how to test and calculate an athlete’s MAS using a rowing ergometer, and then to provide some

examples of how their results can be used to plan and prescribe cardiorespiratory exercise for each

phase of a training period.

Prior to Testing

As with all maximal exercise testing, the 2,000 m rowing ergometer time trial carries injury risk. This
risk is greater for people who are inexperienced in rowing at high intensities due to the strain placed
on the lumbar spine, especially as fatigue occurs and form breaks down. For this reason, it is
imperative that all participants are coached through several technique and preparatory sessions before
submitting them to maximal testing. This process will also improve the likelihood that the participant
will be using a correct whole body pulling technique on their rowing stroke and avoiding ‘power
pulling’ dominated by their upper body. This will improve the accuracy and validity of the testing

results, and the outcomes of the subsequent training sessions.

Setting the Drag Factor

When using air-based rowing ergometers, resistance (and therefore the external intensity and external
load) is provided by air being pulled into a wheel cage by a turbine spinning as the person exercising
‘pulls’ on the handle during each stroke. Changes in temperature, humidity or elevation will lead to
increased or decreased air resistance, as will differences in how clean or dirty the wheel cage is, and
small structural inconsistencies between ergometers. It is therefore vital that the ergometer’s drag
factor is set each time to ensure the correct external load is being achieved. Drag factor as calculated
and displayed by rowing ergometers is an arbitrary unit (AU) representing how much the ergometer’s
turbine is slowing down in response to air resistance. As such, adjusting the drag factor on a rowing
ergometer is not changing the intensity of the exercise, rather it is adjusting how close the movement
of the turbine reflects real water drag. There are no strict rules for what a ‘correct’ drag factor is.

Many high-level rowers anecdotally choose between 110-140 AU with this range being perceived to



best replicate the feeling of water drag when in a racing rowing shell. Viewing the drag factor
typically requires accessing the ergometer’s options menu using the display unit so that the drag factor
is shown on screen. The drag factor is then adjusted by moving the damper lever on the side of the
wheel cage up or down accordingly as the athlete performs a set of low intensity strokes. Ask each
participant to spend some time trialling different drag factor settings over a 10-15 mins session to
determine a ‘sweet spot’ that allows the session to be completed at a moderate pace without muscular
fatigue being experienced. During this time make it clear to the participant that they are not trying to
determine the intensity of the exercise but instead are trying to find a level of resistance that allows
them to work continuously without feeling like they are having to use a high amount of strength to
move the pulley. Once the athlete’s personal drag factor is established calibration of the ergometer to
this setting prior to all future testing and training sessions should be performed accordingly. Please
also note that this process is only for air-based rowing ergometers. The drag factor of water-based and
magnetic-based ergometers is calculated differently, with a range of methods used across different

manufacturers and models.

Test Protocol and Spreadsheet Setup

Following a suitable warm up the participant needs to complete a 2,000 m time-trial on the rowing
ergometer. This distance is widely used in rowing training as a determinant of cardiorespiratory
performance owing to it requiring 5-8 mins of work to complete, with the participant working as hard
as they can whilst resynthesising energy under predominantly aerobic conditions (26,28,30). Whilst
all exercise includes a proportion of anaerobic energy resynthesis, the duration and intensity of the
2,000 m time-trial necessitates an increasing reliance on aerobic metabolism as the test progresses
(21) with =84% of total energy coming from aerobic means (20). In addition, use of this distance for
the purposes of testing has been found to be highly reliable and can be completed before muscular
fatigue occurs (47). Ask the participant to complete the distance in as fast a time as possible. Some
participants may try to ‘pace’ themselves to ensure they can have an end spurt to finish fast. Explain
to them that this will result in them having a worse ‘score’ overall, as they will be covering the

majority of the distance at a slower pace than they are capable of. Encourage them, therefore, to work



at the highest intensity that they can for the full time-trial. Make sure to pay attention to the time
display as the 2,000 m point approaches to allow the best chance of recording the time as accurately

as possible. Record the time in mins and seconds at the point that the participant completes 2,000 m.

Ensure the participant has a suitable cool down and remain with them for 10-15 mins in keeping with

recommendations following high-maximal intensity exercise (1).

Following the testing session the results may be used to calculate the participant’s MAS, and in turn

their rowing pace required for each different cardiorespiratory exercise intensity. This can be done in

any spreadsheet software, but the following examples were completed using Microsoft Excel on a

laptop running Windows OS. As such, whilst the specific formula to be entered may differ between

software packages or OS, the details of the equations themselves will remain the same.

MAS Calculation

Figure 1a displays the spreadsheet equation used to convert the total time required to row 2,000 m
into seconds. In this example, the participant’s mins are typed in A3, with their seconds typed in B3.

The equation in C3 converts the mins into seconds and then adds the remaining seconds onto this

total. The distance covered then needs to be divided by this total time in seconds. In this example the

distance covered is typed into B1. The equation in D3 in Figure 1b shows how to determine the

participant’s MAS in metres per second (m-s™) for the rowing ergometer (MAS = distance / time).

This is the variable that will be used to determine the participant’s rowing intensities.

a) cs v | fr~ | -SUM(A3*68)+B3
A B C
1 |Distance: 2000
2 Minutes Seconds Total Seconds|MAS
3 7 36 456 4.4
4
5
6

Figure 1 - a) Spreadsheet equation to calculate overall time-trial result in seconds; b) Spreadsheet

b)

D3 v i Jx =SUM(B1/C3)
A B C
1 Distance: 2000
2 Minutes Seconds Total Seconds|MAS
3 36 456 4.4
4
5
6

equation to calculate maximal aerobic speed




Intensity Calculations

MAS calculated in m-s™! is useful for ambulatory exercise where distance travelled can be controlled
or measured with relative ease and planning. Exercise intensity conducted on a rowing ergometer,
however, is commonly measured using 500 m pace time. This variable shows how long it would take
the participant to cover 500 m at that intensity. Accordingly, this provides the most simple and
accessible method for prescribing and monitoring intensity during a training session. The following

steps demonstrate how to convert MAS in m's™! to a target 500 m pace time.

The first step is to calculate the different percentages of the participant’s MAS. There will be some
sessions where the participant will need to conduct a low intensity session of 70-80% MAS, and other
sessions where they will need to work at supramax intensities of 105-120% MAS. Whilst it may
initially seem strange that a person could be asked to work above 100%, it should be remembered that
MAS is the lowest intensity at which VO,max is attained (5). Only working up to this intensity will
enable a combination of central and peripheral adaptations to occur, but will not maximise the
peripheral adaptations that are vital for sports performance (13). Intensities above 100% MAS allow
increasing focus on these peripheral adaptations, whilst also ensuring that the athlete’s intensity is
kept below that of ‘all out’ or sprint training and the distinct physiological adaptations associated with
that intensity (22,44). Figure 2 displays how each intensity % can be calculated in the spreadsheet,
with the participant’s MAS being multiplied by the fraction associated with the desired percentage.
For example, B9 shows MAS being multiplied by 1.2 to provide the participant’s 120% MAS. The
same participant’s 95% MAS (B14) is calculated using =SUM(B7*0.95), with the fraction used in

each cell in the column being adjusted for each associated percentage.



B9 w i I~ =SUM{B7*1.2)

| A B C D E F
7 MAS: 4. 4|KPH MPH 500m Split Time Target
8 Target MAS Secs Split
9 120%| 5.26 18.95 11.8 95.0 0:01:35
10 115% 5.04] 18.16 11.3 99.1 0:01:39
11 110% 1.82 17.37 10.8 103.6 0:01:44
12 105% 4.61 16.58 10.3 108.6 0:01:49
13 100% 4.39 15.79 9.8 114.0 0:01:54
14 95% 4.17 15.00 9.3 120.0 0:02:00
15 90% 3.95 14.21 8.8 126.7 0:02:07
16 85% 3.73 13.42 8.3 134.1 0:02:14
17 80% 3.51 12.63 7.8 142.5 0:02:23
18 75% 3.29 11.84 7.4 152.0 0:02:32
19 70% 3.07 11.05 6.9 162.9 0:02:43
20 65% 2.85 10.26 6.4 175.4 0:02:55
21 60% 2.63 9.47 5.9 190.0 0:03:10
22 55% 2.41 8.68 5.4 207.3 0:03:27
23 50% 2.19 7.89 4.9 228.0 0:03:48

Figure 2 — Spreadsheet equation to calculate a participant’s different %MAS

Each %MAS can be converted to the equivalent kilometres per hour (km-hour) using the equation in
C9 (Figure 3). Multiplying the %MAS by 3.6 provides the target km-hour™. This is based on there
being 3,600 seconds in a 24-hour period, and 1,000 m in a km. Accordingly the equation would be:
MAS x 3,600 / 1,000 but this is reduced as shown in Figure 3. Miles-hour! may also be calculated for
practitioners or participants who are more comfortable with imperial units using the following
equation: km-hour! / 1.609334. Whilst these equivalent velocities are only for illustrative purposes
here, they are often useful for the participant to understand their own performance in instances where
miles-hour™! is more accessible. These equivalent velocity equations become more useful from a
programming standpoint when determining intensities from a cycling or running-based MAS test,

which would follow the same process up to this point.



] v i I =SUM(B9*3.6)

A B C D E F
7 MAS: 4. 4|1KPH MPH 500m Split Time Target
8 Target MAS Secs Split
9 120% 5.26 18.95 11.8 95.0 0:01:35
10 115% 5.04 18.16 11.3 99.1 0:01:39
11 110% 4.82 17.37 10.8 103.6 0:01:44
12 105% 4.61 16.58 10.3 108.6 0:01:49
13 100% 4.39 15.79 9.8 114.0 0:01:54
14 95% 4.17 15.00 9.3 120.0 0:02:00
15 90% 3.95 14.21 8.8 126.7 0:02:07
16 85% 3.73 13.42 8.3 1341 0:02:14
17 80% 3.51 12.63 7.8 142.5 0:02:23
18 75% 3.29 11.84 7.4 152.0 0:02:32
19 70% 3.07 11.05 6.9 162.9 0:02:43
20 65% 2.85 10.26 6.4 175.4 0:02:55
21 60% 2.63 9.47 5.9 190.0 0:03:10
22 55% 2.41 8.68 5.4 207.3 0:03:27
23 50% 2.19 7.89 49 228.0 0:03:48

Figure 3 — Spreadsheet equation for converting target MAS from metres per second (m's™) to

kilometres per hour (km-hour™)

From here, the target time for the participant’s 500 m pace can be calculated. First, use the equation in
E9 (Figure 4a) to calculate how many seconds it would take to cover 500 m at each %MAS. This
result is then divided by 86,400 to convert it into a time format (F9 in Figure 4b). At this stage the cell
format for column F needs to be adjusted to display time. Select each of the cells that will be used to
display the pace targets (F9-F23 in this example) and adjust the cell formats to display time in the
00:00.0 presentation. The resulting Target Splits shown in column F in Figures 2-4 are the 500 m pace

times the participant will need to row at to provide the required intensity for each %MAS.



a) fi v =SUM(588/89)
' B C E F
7 MAS: 4. 4|KPH MPH 500m Split Time Target
8 Target MAS Secs Split
9 120% 5.26 18.95 11.8 95.0 0:01:35
10 115% 5.04 18.16 11.3 99.1 0:01:39
11 110% 4,82 17.37 10.8 103.6 0:01:44
12 105% 4.61 16.58 10.3 108.6 0:01:49
13 100% 4.39 15.79 9.8 114.0 0:01:54
14 95% 4.17 15.00 9.3 120.0 0:02:00
15 90% 3.95 14.21 8.8 126.7 0:02:07
16 85% 3.73 13.42 83 134.1 0:02:14
17 80% 3.51 12.63 7.8 142.5 0:02:23
18 75% 3.29 11.84 7.4 152.0 0:02:32
19 70% 3.07 11.05 6.9 162.9 0:02:43
20 65% 2.85 10.26 6.4 175.4 0:02:55
21 60% 2.63 9.47 59 190.0 0:03:10
22 55% 2.41 8.68 5.4 207.3 0:03:27
23 50% 2.19 7.89 19 228.0 0:03:48
b) fi~  =SUM(E9/36400)
' B C E F
7 |MAS: 4.4|KPH MPH 500m Split Time Target
8 Target MAS Secs Split
9 120% 5.26 18.95 11.8 95.0 0:01:35
10 115% 5.04 18.16 11.3 99.1 0:01:39
11 110% 4.82 17.37 10.8 103.6 0:01:44
12 105% 4.61 16.58 10.3 108.6 0:01:49
13 100% 4.39 15.79 9.8 114.0 0:01:54
14 95% 4.17 15.00 9.3 120.0 0:02:00
15 90% 3.95 14.21 8.8 126.7 0:02:07
16 85% 3.73 13.42 8.3 134.1 0:02:14
17 80% 3.51 12.63 7.8 142.5 0:02:23
18 75% 3.29 11.84 7.4 152.0 0:02:32
19 70% 3.07 11.05 6.9 162.9 0:02:43
20 65% 2.85 10.26 6.4 175.4 0:02:55
21 B60% 2.63 9.47 5.9 190.0 0:03:10
22 55% 2.41 8.68 5.4 2073 0:03:27
23 50% 2.19 7.89 4.9 228.0 0:03:48

10

Figure 4 — a) Spreadsheet equation for converting target km-hour! to number of seconds required to

cover 500 m at that velocity; b) Spreadsheet equation for converting the calculated number of seconds

to a target pace in minutes and seconds
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Prescribing Rowing Ergometer Exercise via %MAS

Cardiorespiratory adaptations are dictated by the dose-response nature of exercise, with the dose (the
training load) being the product of intensity x duration (27,38). The pace times calculated from the
process described up to this point enable the coach to design rowing ergometer-based sessions at the
appropriate intensity for the required adaptations. The minimum intensity required for aerobic
adaptations ranges ~50-70% VO,max or ~60-70% HRmax, with an individual’s specific threshold
being fitness dependent (1,8,39). Exercising at such an intensity would place the participant around
their first ventilatory threshold (VT;) or first lactate threshold (LT)), enabling the participant to train
for an extended duration, usually 30-90 mins depending on their training history. This would generally

be categorised as a low-moderate intensity session (7,8,29).

Figures 2-4 display example data from a single participant completing rowing ergometer sessions at a
range of external intensities derived from their MAS. Whilst these are illustrative examples that
cannot be generalised to all populations, they are typical of the internal responses to these intensities
and exercise types (14,19). The participant in these examples would need to row at a 500 m pace time
=02:23 — 02:32 mins for an external intensity = 75-80% MAS, which would cause an internal
intensity of ~65-75% HRmax (3,8). Maintaining this intensity for the required duration would enable
adaptations to central systems including increased stroke volume, plasma volume, angiogenesis and
mitochondrial biogenesis (8,29,30). When prescribing longer duration cardiorespiratory exercise, it is
important to monitor internal intensity and adjust the external intensity accordingly. Figure Sa shows
the HR trace of the participant completing the session described above, starting at 80% MAS.
Cardiovascular drift (42) appeared to be occurring from around the 24 mins stage of the session, with
HR steadily increasing above the 70% HRmax target. The coach’s response was to reduce the external
intensity to 75% MAS, resulting in a gradual return to the internal intensity required for the desired

central adaptations and minimisation of peripheral disturbances.
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Figure 5 — a) Heart rate responses to a steady state rowing ergometer training session at 80% MAS; b)

Heart rate responses to a long HIIT rowing ergometer training session with work intervals at 95%

MAS; c) Heart rate responses to a short HIIT rowing ergometer training session with work intervals at

110% MAS
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Whilst longer duration, low-moderate intensity training may be appropriate for central adaptations,
peripheral adaptations are also of key importance for sports performance and markers of health (34).
Exercising >95% VOymax elicits such adaptations, whilst still allowing for central adaptations
depending on the duration and number of the intervals used (14). The participant in the examples
displayed in Figure 5b may complete a long HIIT session of 5 x 3 mins at 95% MAS (500 m pace =
02:00 mins) with each interval interspersed by 2 mins of passive recovery. As seen in Figure 5b, this
causes >90% HRmax in each interval, with intervals 3-5 resulting in time >95% HRmax. Such a
session would provide the recommended ~6-9 mins at VO,max considered sufficient stimulus for
adaptations to occur (12). Figure Sc displays a short HIIT session of 8 x 60 seconds at 110% MAS
(500 m pace = 01:44 mins) interspersed by 60 seconds of active recovery at 60% MAS (500 m pace =
03:10 mins). The supramaximal intensity of these work periods places much greater strain on the
working muscle’s required ATP resynthesis rate, in turn increasing H™ and Pi concentration. This
necessitates shorter work periods to avoid failure, but over time signals for adaptations to the

buffering capacity of the working tissue (36).

To account for the onset of VO, kinetics at the start of exercise (28,30), 5-7 mins of low-moderate
intensity rowing at 80% MAS (example 500 m pace = 02:23 mins) should immediately precede the
first interval of any HIIT session to reduce the time taken to attain VO,max and therefore the required
stimulus (19,37). This can be seen in Figures 5b and Sc, where 7 mins at 80% MAS were conducted
immediately prior to the first interval. Even with this provision, HR only just peaked above 90%
HRmax in the first interval of these sessions, but this allowed attainment of the targeted time above

the required threshold in each subsequent interval.
Incorporating Rowing Ergometer MAS into a Training Cycle

Building rowing ergometer-based sessions into a training cycle may follow the same principles that
would be applied for all other modes of cardiorespiratory exercise: program low-moderate intensity
sessions during the preparatory phases, and progress towards higher intensity sessions the closer to

competition the athlete is (9,17,39). An example could be an athlete with a relatively short

competitive phase with a longer preceding preparatory phase, such as track and field or combat sport
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athletes. In these scenarios, low-moderate intensity training with extended durations may be
prescribed when the athlete is in their preparatory phase of training. This type of training can be
completed with minimal residual fatigue (40), allowing a greater proportion of the athlete’s training
load to be spent on high intensity resistance training sessions, or for extended technical/tactical drill
sessions. Long HIIT can be introduced during the specific preparatory phase, with increased volumes
as the athlete transitions into the competitive phase. As competition approaches, the athlete may begin
peaking, with a focus on increased high intensity work and reduced volume. This can be achieved by
gradually replacing long HIIT sessions with short HIIT sessions, in which the intensity increases
concomitant to the volume reducing. How many weeks this gradual replacement occurs over would
depend on the specific sport and how many competitions they are peaking for during this period. A
combat sports athlete, for example, may be training towards a single competition, allowing a
relatively linear plan. A track and field athlete, however, may require a more undulating program
during periods of several key competitions. Though not affected by MAS calculations, repeat sprint
training (RST) may also be included during this phase to maximise the training intensity (44). Short
HIIT and RST have relatively brief adaptation periods, however, with this potentially being as little as
4-6 weeks (23,35). The timings of focusing training predominantly towards these training types
should, therefore coincide with peaking and pre-competition tapering (45). The latter of these periods
may focus entirely on RST to maximise peripheral adaptations to muscle metabolism, muscle
buffering and mitochondrial respiration (24,31,35). Team sports athletes, or other athletes with regular
competition for an extended portion of the calendar, may still use this method of prescribing aerobic
training, but how and when the different intensities are applied would need to be considered in line

with the aims of their weekly/daily loading and recovery patterns (2).

Practical Applications

Rowing ergometer-based training can be an effective means of providing the required
cardiorespiratory training stimulus. The off feet training provided also allows respite from running

and impact related loads. Calculating an athlete’s rowing ergometer MAS allows the external intensity
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of such training to be planned and prescribed accurately to attain the training load required for each
training phase. Low-moderate steady-state, long HIIT, and short HIIT sessions can be programmed
and adjusted mid-session to ensure the athlete’s required training dose is achieved. As with all
methods of determining cardiorespiratory training intensities, there are some limitations to the process
described here that the coach needs to be aware of (10). The participant’s performance during both the
test and the subsequent training sessions will be influenced by multiple factors including the
environment, their fatigue/recovery, their nutritional preparations, and their motivation (18).
Accordingly, it may be recommended to complete the MAS test several times over a series of days or
weeks when working with an athlete for the first time to allow a more stable and accurate estimation
of their MAS to occur (10). In addition, the athlete’s performance will change during the course of the
training programme due to improved fitness and economy (29). This would be reflected in reduced
internal load/intensity in response to the same external intensity (27). The coach should, therefore,
monitor the athlete’s internal load using a combination of HR and rating of perceived exertion (RPE)
to allow a well-rounded understanding of the athlete’s adaptations to training in an economical and

ecologically valid manner (25).

Conclusions

This article provides a guide of how to use a practical and accessible method of rowing ergometer
based cardiorespiratory exercise prescription. The MAS test is simple to perform with low time and
equipment requirements. The equations are easy to set up in spreadsheet software, with the resulting
MAS intensities being applicable in both steady state and HIIT training modes. The benefits of rowing
ergometer-based training are systemic affecting multiple regions of the body whilst providing the

athlete time off feet, which can minimise extra joint and muscle-tendon unit loading.
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