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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 (O2) 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 (CO2) 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.e., 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 
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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 (V̇O2max) and are designed to maximise the time spent close to V̇O2max 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% V̇O2max with 

passive recovery periods usually of 1-4 mins), and short HIIT (work intervals of usually 10-60 

seconds at 100-120% V̇O2max 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 V̇O2max, with this being normally described in metres 

per second (m∙s-1) (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 V̇O2max occurs 

(vV̇O2max)  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 
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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 
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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 
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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-1) for the rowing ergometer (MAS = distance / time). 

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

 

 

 

 

 

 

 

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

equation to calculate maximal aerobic speed 

a) b) 
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Intensity Calculations 

MAS calculated in m∙s-1 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-1 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 V̇O2max 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.  

 

 

 



8 
 

 

 

 

 

 

 

 

 

 

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

 

Each %MAS can be converted to the equivalent kilometres per hour (km∙hour-1) using the equation in 

C9 (Figure 3). Multiplying the %MAS by 3.6 provides the target km∙hour-1. 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-1 may also be calculated for 

practitioners or participants who are more comfortable with imperial units using the following 

equation: km∙hour-1 / 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-1 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. 
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Figure 3 – Spreadsheet equation for converting target MAS from metres per second (m∙s-1) to 

kilometres per hour (km∙hour-1) 

 

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. 
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Figure 4 – a) Spreadsheet equation for converting target km∙hour-1 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 

 

 

 

a) 

b) 
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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% V̇O2max 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 (VT1) or first lactate threshold (LT1), 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 5a 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 

 

 

a) 

b) 

Time (mins) 

Time (mins) 

Time (mins) 

c) 
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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% V̇O2max 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 V̇O2max considered sufficient stimulus for 

adaptations to occur (12). Figure 5c 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 V̇O2 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 V̇O2max and therefore the required 

stimulus (19,37). This can be seen in Figures 5b and 5c, 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.   

 

 

 



16 
 

References 

1.  ACSM. ACSM’s resource manual for guidelines for exercise testing and prescription. Seventh 

edition. Philadelphia Baltimore New York London Buenos Aires Hong Kong Sydney Tokyo: 

Wolters Kluwer Health/Lippincott Williams & Wilkins, 2014. 

2.  Api, G, Arruda, D. Comparison of periodisation models: A critical review with practical 

applications. J Appl Sports Sci 6: 77–105, 2022. 

3.  Baker, D. Recent trends in high-intensity aerobic training for field sports. Prof Strength Cond 

22: 3–8, 2011. 

4.  Balasekaran, G, Loh, MK, Boey, P, Ng, YC. Determination, measurement, and validation of 

maximal aerobic speed. Sci Rep 13: 8006, 2023. 

5.  Bellenger, CR, Fuller, JT, Nelson, MJ, et al. Predicting maximal aerobic speed through set 

distance time-trials. Eur J Appl Physiol 115: 2593–2598, 2015. 

6.  Bishop, D, Botella, J, Genders, A, et al. High-intensity exercise and mitochondrial biogenesis: 

current controversies and future research directions. Physiology 34: 56–70, 2018. 

7.  Bishop, DJ, Beck, B, Biddle, SJH, et al. Physical Activity and Exercise Intensity Terminology: A 

Joint American College of Sports Medicine (ACSM) Expert Statement and Exercise and Sport 

Science Australia (ESSA) Consensus Statement. J Sci Med Sport 28: 980–991, 2025. 

8.  Blagrove, R. 4 - Understanding and developing aerobic fitness. In: Advanced strength and 

conditioning: an evidence-based approach. Turner, A and Comfort, P, eds. . New York London: 

Routledge, Taylor & Francis Group, 2022. 

9.  Bompa, TO, Buzzichelli, CA. Periodization: theory and methodology of training. Sixth edition. 

Champaign, IL: Human Kinetics, 2019. 

10.  Bosquet, L, Léger, L, Legros, P. Methods to Determine Aerobic Endurance. Sports Med 32: 

675–700, 2002. 

11.  Buchheit, M. The 30–15 intermittent fitness test: 10 year review. Myorobie J 1: 278, 2010. 

12.  Buchheit, M, Kuitunen, S, Voss, SC, et al. Physiological strain associated with high-intensity 

hypoxic intervals in highly trained young runners. J Strength Cond Res 26: 94–105, 2012. 

13.  Buchheit, M, Laursen, P (eds.). Chapter 2: Traditional Methods of HIIT Programming. In: 

Science and Application of High-Intensity Interval Training: Solution to the Programming 

Puzzle.Champaign, IL: Human Kinetics, 2019. pp. 51–72 

14.  Buchheit, M, Laursen, P. Chapter 3: Physiological targets of HIIT. In: Science and Application 

of High-Intensity Interval Training: Solution to the Programming Puzzle.Champaign, IL: 

Human Kinetics, 2019. pp. 33–50 

15.  Buchheit, M, Laursen, P (eds.). Chapter 4: Manipulating HIIT variables. In: Science and 

Application of High-Intensity Interval Training: Solution to the Programming 

Puzzle.Champaign, IL: Human Kinetics, 2019. pp. 51–72 

16.  Buchheit, M, Laursen, PB. High-intensity interval training, solutions to the programming puzzle 

Part 1: Cardiopulmonary emphasis. Sports Med 43: 927–954, 2013. 



17 
 

17.  Casado, A, González-Mohíno, F, González-Ravé, JM, Foster, C. Training Periodization, 

Methods, Intensity Distribution, and Volume in Highly Trained and Elite Distance Runners: A 

Systematic Review. Int J Sports Physiol Perform 17: 820–833, 2022. 

18.  Ciccone, A, Weir, L, Weir, J. 15 - Aerobic Exercise Prescription. In: Conditioning for Strength 

and Human Performance.New York: Routledge, 2019. pp. 397–416 

19.  Cipryan, L, Tschakert, G, Hofmann, P. Acute and post-exercise physiological responses to high-

intensity interval training in endurance and sprint athletes. J Sports Sci Med 16: 219, 2017. 

20.  De Campos Mello, F, De Moraes Bertuzzi, RC, Grangeiro, PM, Franchini, E. Energy systems 

contributions in 2,000 m race simulation: a comparison among rowing ergometers and water. 

Eur J Appl Physiol 107: 615–619, 2009. 

21.  Gastin, PB, Suppiah, HT. Anaerobic and Aerobic Energy System Contribution During Maximal 

Exercise: A Systematic Review. Sports Med , 2026.Available from: 

https://doi.org/10.1007/s40279-026-02414-7 

22.  Girard, O, Mendez-Villanueva, A, Bishop, D. Repeated-Sprint Ability — Part I. Sports Med 41: 

673–694, 2011. 

23.  Granata, C, Jamnick, NA, Bishop, DJ. Training-induced changes in mitochondrial content and 

respiratory function in human skeletal muscle. Sports Med 48: 1809–1828, 2018. 

24.  Granata, C, Oliveira, RS, Little, JP, Renner, K, Bishop, DJ. Training intensity modulates 

changes in PGC-1alpha and p53 protein content and mitochondrial respiration, but not markers 

of mitochondrial content in human skeletal muscle. FASEB J 30: 959–970, 2016. 

25.  Haddad, M, Stylianides, G, Djaoui, L, Dellal, A, Chamari, K. Session-RPE method for training 

load monitoring: validity, ecological usefulness, and influencing factors. Front Neurosci 11: 612, 

2017. 

26.  Ingham, S, Whyte, G, Jones, K, Nevill, A. Determinants of 2,000 m rowing ergometer 

performance in elite rowers. Eur J Appl Physiol 88: 243–246, 2002. 

27.  Jeffries, AC, Marcora, SM, Coutts, AJ, et al. Development of a revised conceptual framework of 

physical training for use in research and practice. Sports Med 1–16, 2021. 

28.  Jones, A, Burnley, M. Oxygen uptake kinetics: An underappreciated determinant of exercise 

performance. Int J Sports Physiol Perform 4: 524–532, 2009. 

29.  Jones, A, Carter, H. The effect of endurance training on parameters of aerobic fitness. Sports 

Med 29: 373–86, 2000. 

30.  Jones, AM, Grassi, B, Christensen, PM, et al. Slow Component of V˙O2 Kinetics: Mechanistic 

Bases and Practical Applications. Med Sci Sports Exerc 43: 2046–2062, 2011. 

31.  Kelly, DT, Cregg, CJ, O’Connor, PL, Cullen, BD, Moyna, NM. Physiological and performance 

responses of sprint interval training and endurance training in Gaelic football players. Eur J 

Appl Physiol 1–11, 2021. 

32.  Laursen, PB. Training for intense exercise performance: high‐intensity or high‐volume training? 

Scand J Med Sci Sports 20: 1–10, 2010. 



18 
 

33.  Laursen, PB, Jenkins, DG. The scientific basis for high-intensity interval training. Sports Med 

32: 53–73, 2002. 

34.  Lundby, C, Montero, D, Joyner, M. Biology of VO2max: looking under the physiology lamp. 

Acta Physiol 220: 218–228, 2017. 

35.  MacInnis, MJ, Zacharewicz, E, Martin, BJ, et al. Superior mitochondrial adaptations in human 

skeletal muscle after interval compared to continuous single-leg cycling matched for total work. 

J Physiol 595: 2955–2968, 2017. 

36.  McGinley, C, Bishop, DJ. Influence of training intensity on adaptations in acid/base transport 

proteins, muscle buffer capacity, and repeated-sprint ability in active men. J Appl Physiol 121: 

1290–1305, 2016. 

37.  Midgley, A, McNaughton, L. Time at or near VO2max during continuous and intermittent 

running: A review with special reference to considerations for the optimisation of training 

protocols to elicit the longest time at or near VO2max. J Sports Med Phys Fitness 46: 1–14, 

2006. 

38.  Pind, R, Mäestu, J. Monitoring training load: Necessity, methods and applications. Acta Kinesiol 

Univ Tartu 23: 7–18, 2017. 

39.  Reuter, B, Dawes, J. 20 - Program design and technique for aerobic endurance training. In: 

Essentials of strength training and conditioning. Haff, G and Triplett, NT, eds. . Champaign, IL 

Windsor, ON Leeds: Human Kinetics, 2016. 

40.  Seiler, S. What is best practice for training intensity and duration distribution in endurance 

athletes? Int J Sports Physiol Perform 5: 276–291, 2010. 

41.  Smith, K, Wright, MD, Chesterton, P, Taylor, JM. Estimating Maximal Aerobic Speed in 

Academy Soccer Players: A Comparison Between Time Trial Methods and the 30‐15 

Intermittent Fitness Test. Eur J Sport Sci 25: e12315, 2025. 

42.  Souissi, A, Haddad, M, Dergaa, I, Ben Saad, H, Chamari, K. A new perspective on 

cardiovascular drift during prolonged exercise. Life Sci 287: 120109, 2021. 

43.  Thron, M, Düking, P, Ruf, L, et al. Assessing anaerobic speed reserve: A systematic review on 

the validity and reliability of methods to determine maximal aerobic speed and maximal 

sprinting speed in running-based sports. PLOS ONE 19: e0296866, 2024. 

44.  Thurlow, F, McLaren, SJ, Townshend, A, Weakley, J. The Application of Repeated-Sprint 

Training. Strength Cond J 47: 398–413, 2025. 

45.  Tønnessen, E, Sylta, Ø, Haugen, TA, et al. The Road to Gold: Training and Peaking 

Characteristics in the Year Prior to a Gold Medal Endurance Performance. PLoS ONE 9: 

e101796, 2014. 

46.  Turner, AN, Bishop, C, Cree, J, et al. Building A High-Performance Model for Sport: A Human 

Development-Centred Approach. Strength Cond J , 2019. 

47.  Turnes, T, Cruz, RSO, Caputo, F, De Aguiar, RA. The Impact of Preconditioning Strategies 

Designed to Improve 2000-m Rowing Ergometer Performance in Trained Rowers: A Systematic 

Review and Meta-Analysis. Int J Sports Physiol Perform 14: 871–879, 2019. 



19 
 

48.  Undebakke, V, Berg, J, Tjønna, AE, Sandbakk, Ø. Comparison of Physiological and Perceptual 

Responses to Upper-, Lower-, and Whole-Body Exercise in Elite Cross-Country Skiers. J 

Strength Cond Res 33: 1086–1094, 2019. 

49.  Vanrenterghem, J, Nedergaard, NJ, Robinson, MA, Drust, B. Training Load Monitoring in Team 

Sports: A Novel Framework Separating Physiological and Biomechanical Load-Adaptation 

Pathways. Sports Med 47: 2135–2142, 2017. 

50.  Wen, D, Utesch, T, Wu, J, et al. Effects of different protocols of high intensity interval training 

for VO2max improvements in adults: A meta-analysis of randomised controlled trials. J Sci Med 

Sport 22: 941–947, 2019. 

51.  Yang, W-H, Park, H, Grau, M, Heine, O. Decreased Blood Glucose and Lactate: Is a Useful 

Indicator of Recovery Ability in Athletes? Int J Environ Res Public Health 17: 5470, 2020. 

 

 

 


