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ABSTRACT 

Background: Monitoring athlete training effects in team sports requires a systematic approach, 

adopting frequently implementable methods and sensitive proxy outcome measures able to 

detect acute and chronic training effects. Consequently, the use of submaximal fitness tests 

(SMFT) in team sport settings has increased, likely given their time-efficient nature, ease of 

administration in-season, and strong physiological rationale in observing athlete responses to 

a standardised exercise stimulus. However, this process has primarily favoured objective 

measures over subjective athlete responses, and both approaches are yet to be assessed for their 

respective associations and predictive qualities with maximal test outcomes. Aim: The study 

evaluated the relationships and predictive qualities between field-based measures of perceived, 

submaximal and maximal aerobic fitness in a sample of rugby union players. Methods: Using 

an observational, cross-sectional approach, 47 high-performance British university rugby 

union players (21.1 ± 1.2 years; 184.86 ± 7.28 cm; 97.82 ± 14.31 kg) rated their aerobic 

capacity using a newly modified rating of perceived fitness (RPF) scale, before completing a 

SMFT (shuttle based, continuous-fixed, 4 min running at 12 km·h-1), and a 1.2 km shuttle run 

test (1.2SRT) to assess maximal aerobic speed (MAS). Data were analysed using magnitude-

based inferences (MBI). Results: An almost certainly [large] positive association between RPF 

and MAS (r = 0.58; ±0.19) was revealed, with backs reporting a higher RPF (almost certainly 

[small] increase) and achieving a higher MAS (possibly [small] increase) during the 1.2SRT 

in comparison to forwards. A likely [small] negative association between SMFT exercise heart 

rate (HRex) and MAS (r = -0.25; ±0.23) and a possibly [small] negative relationship between 
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RPF and HRex (r = -0.19; ±0.27) was also identified. Regression analysis revealed RPF as the 

strongest predictor of MAS (R2 = 0.33; SEE: 0.28) compared to SMFT HRex (R2 = 0.06; SEE: 

0.35), and both variables combined (Adj. R2 = 0.29; SEE: 0.28), and RPF was shown to be a 

poor predictor of SMFT HRex as a measure of submaximal aerobic fitness (R2 = 0.04; SEE: 

8.48). Conclusions: Athlete RPF show promising levels of content, face and construct domains 

of validity in the prediction of MAS measured using the 1.2SRT; however, further work is 

needed to assess other domains of validity, reliability and sensitivity. Whilst SMFT HRex 

shows good convergent validity with some field measures of aerobic capacity, HRex is poorly 

related to or predictive of MAS measured using the 1.2SRT. RPF in its form derived from this 

study is not well related to or predictive of proxy measures of submaximal 

cardiovascular/aerobic fitness such as SMFT HRex. The RPF scale used in this study could be 

a useful monitoring tool in team sports. 

 

Keywords: subjective performance evaluation; perceived fitness; submaximal fitness test; 

maximal aerobic speed; aerobic capacity; athlete monitoring; physical performance; rugby 

union; team sports; applied sport science  
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CHAPTER 1.  INTRODUCTION 

1.1  Background 

Rugby union is a field-based contact team sport in which teams of 15 on-field players, 

comprising forwards and backs, attempt to outscore the opposing team through unlimited 

phases of play (Till et al., 2020; World Rugby, 2022a). The objective of the invasion sport is 

to physically carry the ball over an opponent’s goal-line and force it to the ground to score a 

try, with further points also accumulated through conversions, penalties or drop goals (World 

Rugby, 2022a). The sport is believed to have originated in Rugby, England, in 1823. It is now 

considered one of the most popular sports in the world, encompassing 9.6 million players and 

877 million people following the sport worldwide (World Rugby, 2022a; World Rugby, 2019; 

World Rugby, 2018). Given the increasing interest in the sport, and the increasingly formalised 

training and competition setting, the subsequent demand for optimal performance and 

competitive advantage over opposing teams has increased research into the monitoring and 

training processes underpinning rugby union performance and team sports more generally 

(Smart et al., 2014; Jeffries et al., 2021). 

 

Like other field-based teams sports such as football and hockey, rugby union is 

characterised by short durations of high-intensity activity comprising high-speed running, 

sprinting, collisions and tackling, intermixed with longer phases of lower intensity activity 

(Cahill et al., 2013; McLaren et al., 2016). Consequently, for players to regularly sustain these 

intermittent demands of rugby competition, a wide array of well-developed physical 

performance qualities are required (Smart et al., 2014; Gabbett and Seibold, 2013; Ross et al., 

2015). For example, measures of aerobic and anaerobic fitness, speed and acceleration and 

muscular strength and power have all been linked with match results, match actions and skill 

performance (ES = 0.74 ± 0.51) (Gabbett and Gahan, 2016), competition standard, recovery 
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and fatigue status (ES = 0.71 ± 0.38) (Johnston, Gabbett and Jenkins, 2015) and injury 

probability (odds ratio: 1.39, 95% CI: 0.98 – 1.98) (Cross et al., 2016; Windt and Gabbett, 

2017). Furthermore, unlike other team sports, rugby union matches involve high-intensity 

bouts comprising contact incidents (tackles and rucks), grappling actions such as mauls and 

scrummaging, and high-speed collisions (Tucker et al., 2021). Subsequently, demanding 

players possess robust cardiorespiratory fitness to enable recovery from the anaerobic nature 

of cumulative high-intensity bouts (Swaby, Jones and Comfort, 2016). 

 

 The assessment of aerobic fitness in team sports such as rugby union is largely inferred 

through maximal-effort, exhaustive, intermittent field tests such as the 1.2 km Shuttle Run Test 

(1.2SRT), colloquially referred to as the ‘Bronco Test’ (Baker and Heaney, 2015; Brew and 

Kelly, 2014). However, the use of successive exhaustive assessments within the in-season 

phase of team sport competition is considered impracticable and unfeasible, given congested 

training and fixture schedules, high numbers of athletes, time constraints and several 

interrelated factors such as motivation, physical qualities and season stage (Carling et al., 2018; 

Lacome, Simpson and Buchheit, 2018; Impellizzeri et al., 2020). In response, submaximal 

fitness tests (SMFT) have grown in popularity within team sport contexts within the last decade 

(Shushan et al., 2022). Allowing practitioners to feasibly, pragmatically, and systematically 

assess athlete physiological states in response to a standardised exercise stimulus using a time-

efficient and simple-to-administer methodology with low physical/physiological strain 

(Buchheit, 2014; Buchheit, Simpson and Lacome, 2020; Scott et al., 2018). 

 

Additionally, despite numerous objective markers of player fitness and health available, 

Lamb (1992) succinctly stated that the simplest method of evaluating fitness is to ask how one 

perceives this. However, contemporary practitioners such as sports scientists and strength and 
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conditioning coaches now collect a wide range of data using various commercially accessible 

technologies and devices (West et al., 2021). This has resulted in a disconnect, with objective 

monitoring strategies often favoured over subjective assessment techniques for evaluating 

athlete health and performance (Montull et al., 2022). Recently, greater investigation of 

subjective monitoring techniques has been suggested to determine how athlete perceptions may 

relate to objective performance measures (Windt et al., 2022). As well as how accepted 

psychometric principles may be used singularly or in combination with objective measures to 

improve the monitoring of athlete fitness and health in team sports (Saw et al., 2016; Montull 

et al., 2022; Windt et al., 2022).  

 

1.2  Rationale 

To monitor athlete training effects in team sports, a systematic approach is necessary to allow 

for informed decisions concerning athlete and training management through changes to 

programming, delivery or recovery interventions (Shushan et al., 2022; Kalkhoven, Watsford 

and Impellizzeri, 2020; Impellizzeri et al., 2020). As a result, the approach should be based on 

a thorough conceptual framework, be frequently implementable, use sufficiently sensitive 

proxy outcome measures, and be able to detect acute and chronic training effects 

(Vanrenterghem et al., 2017; Jeffries et al., 2021). Therefore, the current study aimed to 

examine the relationships between perceived fitness, SMFT heart rate (HR) measures, and a 

field-based measure of aerobic capacity (1.2SRT) in a sample of high-performance rugby union 

players representing a British university rugby performance squad. 

 

Field-based team sports such as rugby require players to tolerate extensive periods of 

activity exceeding the speed at maximal oxygen uptake (V̇O2max) (Sandford, Laursen and 

Buchheit, 2021). With this knowledge and using low-cost field tests, maximal aerobic speed 



19 

(MAS), the minimal running velocity eliciting V̇O2max, is a commonly used fitness marker of 

aerobic capacity in team sport athletes (Buchheit and Laursen, 2013a). Specifically within 

rugby, MAS has been shown to strongly correlate (r = 0.746) with distance covered during 

match play in professional rugby players (Swaby, Jones and Comfort, 2016). Therefore the 

current study utilised the 1.2SRT to assess MAS as a commonly used estimative measure of 

maximal aerobic capacity (Baker and Heaney, 2015). Additionally, given that motivation to 

perform maximally is crucial for practically useful outcomes in these measures, HR measures 

were collected as markers of internal load to evaluate the relative physiological strain of work 

completed and to confirm maximal efforts (Thorpe et al., 2017; Lemmink et al., 2004). 

 

The study compared MAS with a modified rating of perceived fitness (RPF) scale, 

focussing on aerobic capacity, adapted from Borg, Skinner, and Bar-Or (1972). Systematic 

reviews from Jeffries et al., (2020) and Saw et al., (2016) identified that studies concerning 

athlete subjective monitoring have grown exponentially whilst also determining subjective 

measures hold superior sensitivity and reliability than objective measures, providing enhanced 

observations of changes in athlete psychophysiological state. Whilst the use of subjective data 

in applied sports science has primarily centred around athlete-reported outcome measures 

(AROM) of training loads such as ratings of perceived exertion (RPE) or responses to training 

such as wellness, recovery, sleep and muscle soreness (Jeffries et al., 2020). Athlete-perceived 

fitness is an area which has received less attention, with few studies to date having examined 

the use of perceived fitness scales with athletes or directly compared the relationship between 

perceived and actual fitness measures (Germain and Hausenblas, 2006). Germain and 

Hausenblas (2006) identified that combined perceived fitness scores of men and women of 

multiple ages related to physical test outcomes (r = 0.38, n = 33, CI = ±0.058), with results 

further augmented in younger people (r = 0.37, n = 25, CI = ±0.09) and studies employing 

standardised perceived fitness measures (r = 0.43, n = 18, CI = ±0.071). However, the authors 
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noted that many studies utilised either un-justified modifications to scales or author-developed 

scales with unknown levels of construct validity and reliability whilst often combining scores 

for different components of fitness into a general score of ‘fitness’ (Germain and Hausenblas, 

2006). Given the multidimensionality of the physical fitness construct, the present study 

examined the accuracy and relationship between a standardised measure of athlete-perceived 

aerobic capacity and an objective measure of aerobic capacity (MAS) as a single fitness 

component. 

 

Lastly, as exhaustive field-based tests of aerobic capacity are preferred but have limited 

feasibility to be repeated in-season, the resultant interest in time-efficient and non-exhaustive 

SMFT has resulted in numerous methods being applied across multiple team sports (Shushan 

et al., 2022; Scott et al., 2018; Buchheit, 2014). Recently, changes to athlete aerobic capacity, 

through the monitoring of exercise heart rate (HRex) during SMFT in comparison to endurance 

test performance, has been meta-analysed by Shushan et al., (2023a) finding good absolute 

(MD = 0.5 [95% CI: 0.1 – 0.9] and TE = 1.6 [1.4 – 1.9] % points), and high relative (ICC = 

0.88 [0.84 to 0.91]) reliability as well as good convergent validity (r = –0.58 [–0.62 to –0.54]). 

Shushan et al., (2022) further identified five distinct SMFT protocols (Continuous-fixed, 

Continuous-incremental, Intermittent-fixed, Intermittent-incremental and Intermittent-

variable) with further customisable subdivisions applied across 12 different team sports. 

However, of only nine studies to date which have assessed the use of SMFT in rugby, no study 

has yet employed the ultimately recommended protocol of a continuous-fixed SMFT using a 

pitch-based protocol and minimum dose of 3-4 min to attain more reliable HR data in rugby 

union players (Shushan et al., 2022). Also, whilst the relationship between SMFT and maximal 

exhaustive tests shows good convergent validity, the extent to which SMFT HRex is predictive 

of outcomes such as MAS is unknown (Shushan et al., 2022). Given submaximal aerobic 
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capacity is defined as the ability to perform non-exhausting activity below ‘all-out’ maximal 

intensities, that would trigger voluntary cessation of exercise or produce an excessive training 

stimulus (Shushan et al., 2022). The study evaluated the relationships and predictive qualities 

between HR outcomes of a continuous-fixed, shuttle-based SMFT (e.g., 4 min, 12 km·h-1, to 

elicit ~75 – 85% HRmax), RPF and 1.2SRT derived MAS.  

 

Given the study recruited highly-trained team sport athletes it was expected players 

would be able to compare their perception of their aerobic capacity with that of others in the 

squad and rate themselves accordingly. However, given little work has been undertaken to 

compare athlete perceptions of fitness with objective measures, it was unclear how athletes 

would physiologically anchor their perceptions. Darrall-Jones et al., (2022) recently reported 

professional male rugby union players subjectively under- and overestimate submaximal sprint 

velocities compared to objective measures. Therefore, the relationships between RPF and 

SMFT HRex as a measure of submaximal aerobic capacity and MAS as a measure of maximal 

aerobic capacity were compared to indicate if players could correctly anchor their responses to 

the construct under investigation. 

 

1.3  Study Aims and Research Questions 

The overall purpose of the study was to investigate the relationships and predictive qualities 

between field-based measures of perceived, submaximal and maximal aerobic fitness in a 

sample of high-performance British university rugby union players. To evaluate the 

associations and predictive qualities between RPF, SMFT HRex and MAS in rugby union 

players. Three specific research questions were identified to guide the study: 

1. To what extent is MAS, measured using the 1.2SRT, associated with RPF and SMFT 

HRex? 
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2. To what extent do player RPF associate with SMFT HRex as a proxy cardiovascular 

fitness measure of submaximal aerobic capacity? 

3. Are player RPF, SMFT HRex, or both variables combined predictive of MAS measured 

using the 1.2SRT, and are player RPF predictive of SMFT HRex? 

 

1.4  Significance 

The study is the first to examine the relationships and predictive qualities between perceived 

fitness, SMFT HRex and MAS using commonly employed field-based methods in a sample of 

team sport players. From a practical standpoint, the findings of this study are relevant for the 

assessment and monitoring of aerobic capacity in rugby union players and team sport players 

more broadly. Practitioners such as sports scientists and strength and conditioning coaches may 

use this information to inform effective monitoring strategies and enhance training 

interventions at both the individual and group levels. The study is also fundamental in 

examining the predictive quality of relationships between subjective and objective fitness 

measures in an athlete population. Contributing to the growing evidence base for using SMFT 

in team sport settings to monitor aerobic capacity when maximal exhaustive tests are 

impracticable due to congested training and fixture schedules (Shushan et al., 2022). Whilst 

providing greater insight into athlete awareness of physiological capacities, supporting the 

application of perceived fitness scales in sporting settings, and informing how subjective data 

may be used to complement traditional objective methods of athlete monitoring (Montull et al., 

2022). From an applied perspective, perceived fitness scales may prove a valuable tool in 

helping ascertain fitness qualities in athletes during rehabilitation from injury or when objective 

physical assessment methods are unfeasible, allowing practitioners to estimate MAS more 

closely to individually optimise training prescription (Balagué et al., 2020).  
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CHAPTER 2.  LITERATURE REVIEW 

2.1  Rugby Union 

Rugby Union formed as a professional sport in 1995 (Reilly, 1997). Since professionalism, 

scientific investigation of the sport has rapidly advanced. Providing almost three decades of 

empirical research concerning the required physical capacities, demands and responses to 

match play and the subsequent physical development of players across multiple playing levels 

(Nicholas, 1997). Given the constant evolution of laws and playing structures over time, the 

game has increased in physicality and speed and is played more regularly than ever before 

(Duthie, Pyne, and Hooper, 2003; van Rooyen et al., 2008). As a result, contemporary 

knowledge of the requirements of the game, the necessary physical characteristics of players 

and the training processes for players to progress to higher levels has increased (Duthie, Pyne, 

and Hooper, 2003; Read et al., 2017). 

 

2.1.1  Overview 

Rugby union is played worldwide, with the international governing body of the sport, World 

Rugby, encompassing 128 member unions and associations, comprising 110 full members and 

18 associate members from six different regional associations (World Rugby, 2022b). The 

invasion sport is played for 80 minutes across two 40-minute halves separated by a half-time 

break of 10 – 15 minutes; stoppages are only permitted in the event of an injury. Two teams of 

15 players compete on the field of play, except when players have been sent off for misconduct 

offences. Players ultimately aim to outscore the opposing team through a range of scoring 

methods comprising tries (5 points), conversions (2 points), and penalty or drop goals (3 points, 

respectively). A try is successfully scored on the attacking team, grounding the ball past the 

opposition goal line, at which point a conversion attempt is awarded. Conversions, penalty 

goals and drop goals must all be successfully kicked over the crossbar and between the 
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goalposts for respective points to be awarded (World Rugby, 2022a). A standard field of play 

measures 94 – 100 m in length and 68 – 70 m in width, with an additional 6 – 22 m at each end 

behind the goal line (World Rugby, 2022a) (Figure 1). 

 Figure 1. Rugby union pitch dimensions (from World Rugby, 2022a). 
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Compared to individual sports (e.g., running, cycling, swimming), the field-based 

nature of football codes, such as rugby union, imposes complex intermittent demands (Smart, 

Hopkins and Gill, 2013). Though like field sports such as football and hockey, several unique 

physiological responses are observed through repeated periods of high-speed running, contact 

incidents and static exertions, interspersed with periods of active and passive recovery (Roberts 

et al., 2008; Cunniffe et al., 2010; Reardon, Tobin and Delahunt, 2015; Reardon et al., 2017a). 

Across an 80-minute match, the demands of match play can be broadly classified as the time 

when the ball is in play (BIP) and when the ball is out of play (BOP) (Quarrie et al., 2013). The 

ball is generally in play for an average of 30 minutes, with remaining time encompassing injury 

stoppages, conversions, penalties or when the ball is out of play (Duthie, Pyne, and Hooper, 

2003). However, between 1992 and as recently as 2010, a trend in BIP time increases has been 

identified, increasing from 29 minutes (1992) to approximately 31 minutes (2002) and again 

to 36.3 minutes between 2004 and 2010 (McLean, 1992; Eaves and Hughes, 2003; Quarrie et 

al., 2013).  

 

2.1.2  Positions, Positional Groups and Player Roles 

A rugby union team is made up of 15 on-field players split by two broad positional clusters 

comprising eight 'Forwards' (ball winners) and seven 'Backs' (ball carriers) (Figure 2) (World 

Rugby, 2022a; Duthie, Pyne, and Hooper, 2003). Differentiating players from other team 

sports, where similar physique and physical performance qualities are shared. Players must 

possess differing levels of a wide range of physical fitness qualities comprising muscular 

strength, power, speed, agility, and anaerobic and aerobic capacity (Duthie, Pyne, and Hooper, 

2003). Consequently, players will instinctively and logically orient towards positions 

compatible with their natural anthropometric profile (MacQueen and Dexter, 2010; Coughlan 

et al., 2011). 
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Forwards are numbered 1 to 8, whilst backs are numbered 9 to 15. Though some 

variation in terminology across studies, players are further organised by additional specific 

groupings, within the main positional clusters, according to positional demands (Quarrie and 

Williams, 2001). Of the forwards, the 'front row' comprises players 1 to 3, the 'tight 5' involves 

players 1 to 5, and the 'second row' includes the locks, players 4 and 5 (Till et al., 2020). The 

'loose forwards' or 'back row' includes players 6 to 8 (Till et al., 2020). Whilst of the backs, 

players 9 to 10 form the 'half backs', players 9, 10 and 12 form the ‘inside backs’, players 12 

and 13 make up the 'midfield backs' or 'centre-three-quarters', and players 11, 14 and 15 make 

up the 'outside backs' or 'back three' (Till et al., 2020). 

 

Pollard et al., (2018) report that backs perform more running, whilst forwards have 

greater involvement in collisions and contact incidents. Front-row players are primarily 

Figure 2. Rugby union players and starting positions (from World Rugby, 2022a). 
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responsible for gaining possession of the ball, necessitating well-developed muscular strength 

and power to sustain repeated high-force impacts with opposing players and provide stability 

in the scrum (Duthie, Pyne, and Hooper, 2003). Whilst props generally cover greater distances 

at lower speeds (< 4.0 m×s−1) and play a pivotal role in lineouts, supporting the locks to compete 

for the ball, favouring vertical force production over the ability to run with the ball (Quarrie et 

al., 2013; World Rugby Passport, 2022). Locks generally possess a greater anthropometrical 

profile and, as a result, longer leavers provide superior momentum and mechanical power 

during the scrum and added height advantage when lifted in the lineout to quickly and 

accurately secure possession of the ball (Duthie, Pyne, and Hooper, 2003). The loose forwards 

preserve possession of the ball, requiring well-developed strength and power to gain and retain 

the ball whilst remaining mobile during open play through superior speed, acceleration and 

aerobic endurance (Deutsch, Kearney and Rehrer, 2007). 

 

The scrum half and fly half positions possess greater acceleration, speed and aerobic 

endurance controlling possession of the ball once obtained by the forwards (Duthie, Pyne, and 

Hooper, 2003). These positions also evade defenders through a smaller anthropometrical 

profile, frequently handling, passing and kicking the ball whilst covering substantial distances 

at speeds from 4.0 to 6.0 m×s−1 but less than the back three at maximal velocity (> 8.0 m×s−1) 

(Quarrie et al., 2013). Muscular strength, power and speed are also attributed to the midfield 

backs to sustain regular high-force collisions and ruck involvements, making and receiving 

kicks and running the ball back during match play (Duthie, Pyne, and Hooper, 2003; Quarrie 

et al., 2013). Whilst the back three provide a support running role, chasing kicks and providing 

defensive cover, necessitating the highest speed capabilities to out-manoeuvre opposition 

players and increased aerobic capacity to support internal load responses to covering larger 

total distances (Duthie, Pyne, and Hooper, 2003). Subsequently, considerable distances are 
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covered at low speeds (< 2.0 m×s−1) by this position, maintaining on-field position and making 

fewer tackles but covering greater distances at high speeds (≥8.0 m×s−1) to gain territory and 

score tries (Quarrie et al., 2013). Finally, the fullbacks primarily handle and kick the ball more 

than the wingers, though wingers typically score more tries (Quarrie et al., 2013). 

 

2.2  Physical and Physiological Demands of Rugby Union Match-Play 

The quantification of sport-specific demands is vital in ensuring players possess the necessary 

fitness levels to meet the required loads of competition, avoiding fatigue and overtraining while 

simultaneously decreasing injury risk and recovery time (Taylor et al., 2017; Windt et al., 

2017). Consequently, player match activity may be broadly classified as external match load, 

concerning the physical work performed during a match, and internal match load, representing 

the resultant physiological and biomechanical stress responses to external loads (McLellan, 

Lovell and Gass, 2011; Chamari and Padulo, 2015; McLaren et al., 2018a).  

 

2.2.1  Physical and Movement Demands 

2.2.1.1  Measurement 

No single method of assessing movement patterns and external workloads in team sports has 

been established as a 'gold standard' (Cummins et al., 2013; Randers et al., 2010). Traditionally, 

the simplest method of match activity quantification in team sports is observational time-

motion analysis (TMA). In which the types (locomotor, collision, technical and tactical), 

durations, and frequencies of movements of intermittent activity patterns are counted from live 

or recorded video footage (Roberts et al., 2008). However, the method is considered time-

consuming, costly, potentially variable, and impractical for providing actionable real-time 

insights (Taylor et al., 2017). As an alternative to labour-intensive video coding, practically 

efficient, commercially available and wearable global positioning system (GPS) 
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microtechnology units have now been expansively used to measure rugby union physical 

movement demands (Cunniffe et al., 2009; Chambers et al., 2015; Howe et al., 2020). 

Providing practitioners with absolute and relative locomotive measures of distances covered in 

different velocity zones (level 1 variables), changes in velocity, acceleration, deceleration, and 

direction (level 2 variables) and body orientation change events derived from inertial sensors 

or accelerometers (level 3 variables) such as impacts and jumps (Cummins et al., 2013; 

Lacome, Simpson and Buchheit, 2018).  

 

Though GPS micro-electrical mechanical system (MEMS) microtechnology units, 

encompassing inertial measurement units (IMU), such as tri-axial accelerometers, gyroscopes 

and magnetometer microsensors, have been found to provide differing levels of validity, 

reliability, and time-efficiency (Chambers et al., 2015; Cummins et al., 2013). With the 

sampling rates of GPS MEMS units ranging from 1, 5, 10 to 15 Hz providing differing levels 

of accuracy at 1 to 5 Hz (TEM: <5% to >10%) and instantaneous velocity measures reported 

to be six times more reliable when using 10 Hz units compared to 5 Hz units (Bridgeman and 

Gill, 2021; Ziv and Lidor, 2016; Varley et al., 2012; Johnston et al., 2012). Caution is also 

advised when interpreting GPS-derived variables through decreases in reliability for higher 

intensity or change of direction activities (CV: 77.2% at 1 Hz), given differing numbers of 

satellites connected, set vs individualised velocity bands and variances in acceleration and 

deceleration counts between device manufacturers and software versions (Jennings et al., 2010; 

Buchheit et al., 2014). GPS micro-technology units are also not considered a reliable tool for 

accurately coding collisions in rugby union compared to video analysis, through substantial 

over or underestimation of collisions through inability to identify optimal g force bands to 

identify collisions (ranging from 1 to > 10 g) (Reardon et al., 2017a; Reardon et al., 2017b). 
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In contrast, Eaves and Hughes (2003) postulate that notational analysis has been 

extensively used to provide objective feedback regarding technical and tactical contributions, 

on both match behaviours and player actions, by identifying incidences of common key 

performance indicators (KPI). Using the method, KPI are then applied to produce performance 

profiles at a positional and team level from which performance patterns can be identified, in 

addition to predicting future performances through combining KPI (James, Mellalieu and 

Jones, 2005). Though parallax error (different perceptions of displacement from differing lines 

of sight) and heterogeneity of coding systems are acknowledged methodological limitations 

affecting the reliability of findings through unclear identification, development, selection, 

definition and relevance of match behaviours reported (Barris and Button, 2008; James, 

Mellalieu and Jones, 2005).  

 

2.2.1.2  Locomotor Demands 

Whilst rugby union players cover between 5-7 km per game, significant differences in 

locomotor demands between positional groups and playing positions are clear (Jones et al., 

2014; Cunningham et al., 2016a; Cunningham et al., 2016b). Using GPS MEMS technology, 

Reardon et al., (2017b) reported backs to experience lesser contact loads resulting from scrums, 

rucks and mauls despite covering greater distances than forwards. Clear variances are also 

evident within general positional groups (forwards and backs), including back row players 

producing greater relative and high-speed running (HSR) distances, high acceleration and 

deceleration events, and a higher number of tackles than front row players (James, Mellalieu, 

and Jones, 2005; Jones et al., 2015). Scrum halves are reported to cover the most extensive 

total distances (TD) and tight forwards the least, whilst outside backs achieve the highest 

speeds but occupy the greatest time walking (Tee, Lambert, and Coopoo, 2016; Cahill et al., 

2013).  
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Studies utilising GPS MEMS devices have examined the average movement demands 

of each half of a game (40 mins) or full games (80 mins) (Roberts et al., 2008; Cunniffe et al., 

2009; Cunningham et al., 2016a). Using the method, Cahill et al., (2013) quantified the median 

(± IQR) movement characteristics of ninety-eight elite rugby union players from eight English 

Premiership Clubs across 44 competitive matches. Across a season, a greater TD (6545 m ± 

1055 m) and subsequent relative TD (71.1 m·min-1 ± 11.7 m·min-1) was covered by backs in 

comparison to forward players (5850 m ± 1101 m) (64.6 m·min-1 ± 6.3 m·min-1) (Cahill et al., 

2013). Backs exhibited the greatest maximum speed (30.4 km·h-1 ± 3.3 km·h-1) vs forwards 

(26.3 km·h-1 ± 4.0 km·h-1), with little difference in average speeds of 5.4 km·h-1 ± 0.6 km·h-1 

and 5.5 km·h-1 ± 0.6 km·h-1 between forwards and backs respectively (Cahill et al., 2013). This 

may be explained by the greater number of static exertions and wrestling actions performed by 

forwards during tackling, scrum, rucking and mauling events, which make up 14% of total 

game time for forwards, but only 2% of game time for backs (Austin, Gabbett and Jenkins, 

2011; Pollard et al., 2018). The analysis by Cahill et al., (2013) further reported that match play 

is performed mainly at lower speeds with small distances covered 'sprinting'. Supporting this, 

later research from Cunningham et al., (2016a) identified comparable between-position 

differences for relative distance covered and HSR in senior international players with forwards 

and backs covering 66.8 m·min-1 and 3.1 m·min-1 and 73.3 m·min-1 and 7.2 m·min-1, 

respectively. U20s international backs were shown to perform more relative HSR (7.3 m·min-

1 ± 2.1 m·min-1 vs 7.2 m·min-1 ± 2.1 m·min-1) and sprint·min-1 (0.26 ± 0.07 vs 0.25 ± 0.07) than 

senior backs (Cunningham et al., 2016a).  

 

Whilst singular locomotor profiling measures such as TD and HSR can provide an 

understanding of general physical demands, Sheehan et al., (2022) reported that given the 

intermittent nature of rugby union, the method fails to report subtle distinctions in match-play, 
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where players may repeatedly accumulate bouts of a combination of effort types during 

separate phases of play. Here, the quantification of repeated high-intensity efforts (RHIE), 

defined as three distinct high-intensity efforts completed within a single twenty-one-second 

(21 s) bout, characterises the highest levels of effort attributed to running, acceleration and 

collision events combined during match-play (Johnston et al., 2015; Couderc et al., 2019). For 

example, in a season-long study of 40 elite rugby union players competing in Pro 12 and 

European cup competitions, Sheehan et al., (2022) reported players perform 11 ± 6 RHIE bouts 

with mean efforts per RHIE bout of 4 ± 1 and a maximum of 6 ± 2.  

 

2.2.1.3  Peak Locomotor Demands 

Profiling the general demands of rugby union match-play provides an understanding of 

absolute locomotor match demands (Whitehead et al., 2018). However, the intermittent nature 

of the sport indicates that the technique cannot account for the most intense periods of the 

game, often defined as the peak demands or worst-case scenarios (WCS) (Cunningham et al., 

2018a; Tierney et al., 2017). Given the risk that utilising average demands may under prepare 

players for certain situations within a game, research in team sports has turned to the profiling 

of the most severe periods of gameplay, ensuring players are optimally prepared to cope with 

all intensities of competition demands (Gabbett, 2016; Delaney et al., 2017).  

 

Level 1, 2 and 3 variables (e.g., TD, HSR, accelerations and decelerations, collisions, 

RHIE) are often investigated in combination with several analysis methods such as: segmental 

analysis splitting matches into short time periods (e.g., 0 – 5, 5 – 10, 10 – 15 min), rolling 

averages across a game, identifying the longest periods of BIP time, or comparing peak 

demands between temporal durations (e.g., 5 min periods) (Whitehead et al., 2018). For 

example, Jones et al., (2015) reported intensity changes across match-play, using 10 min fixed-
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time periods in which the highest demands (relative distance covered) were observed in the 

first 10 minutes of each half (75.3 and 74.3 m·min-1, respectively), beyond whole match 

averages (66.2 m·min-1) then subsequently decreasing. Whilst Delaney et al., (2017) utilised 

rolling average periods of 1-10 min and three locomotor variables (relative distance, average 

number of acceleration/decelerations and average metabolic power), reporting relative 

distances covered ranging from 184 m·min-1 (1 min period) for half backs to 79 m·min-1 for 

tight fives (10 min period), in international players above previously reported average GPS 

values (Jones et al., 2015; Cunningham et al., 2016a; Cunningham et al., 2016b). Moreover, 

peak relative distance values ranging from ~ 139 to 185 m·min-1 for 1 min periods and ~ 86 to 

116 m·min-1 for 5-min periods have been reported using rolling averages (Delaney et al., 2017; 

Cunningham et al., 2018a; Read et al., 2019). In line with values of average demands, relative 

HSR distance during rugby union match play has been reported by both Reardon et al., (2017a) 

and Cunningham et al., (2018a) to be greater for backs than forwards. Overall, necessitating a 

need for all players to possess well-developed aerobic fitness to sustain increases in the speed 

of the game and recover from bouts of peak intensity (Swaby, Jones and Comfort, 2016).  

 

2.2.1.4  Collisions and Impacts 

In contrast, to other field-based team sports, such as football and hockey, rugby union is 

characterised by frequent HSR and physical collisions resulting from tackles, scrums, rucks 

and mauls (Hendricks, Karpul and Lambert, 2014; Tierney, Blake and Delahunt, 2021; Paul et 

al., 2022). These collisions and impacts are considered physically and technically taxing due 

to higher speeds or numbers of collisions experienced (Schwellnus et al., 2014). Collisions are 

also associated with increased injury incidence and burden (Schwellnus et al., 2014; Fuller, 

2018). Though a larger number of collisions won during match-play is related to overall team 

success and player performance, with winning teams shown to complete more tackles in 
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comparison to losing teams (Ortega, Villarejo, and Palao, 2009; Wheeler, Askew and Sayers, 

2010; Hendricks, Karpul and Lambert, 2014). For practitioners to optimally prepare players 

for competition demands, quantifying the frequency and intensity of level 3 variables during 

match-play is considered vital in ensuring injury risk reduction and successful team 

performance outcomes (Paul et al., 2022). 

 

Collision frequency and type have primarily been measured using video-based analysis 

methods, whilst GPS devices have been employed to quantify collision intensity, commonly 

categorised as very heavy (8–10 g) to severe (> 10 g) (Paul et al., 2022; McLellan, Lovell and 

Gass, 2011). With frequency and intensity of collisions and impacts recorded as: collisions and 

impacts per match, per position, per broad or specific positional group, per minute, per minute 

per position, and load per collision (Tierney, Blake and Delahunt, 2020; Reardon et al., 2017b; 

Macleod et al. 2018; McLaren et al., 2015, Tierney, Blake and Delahunt, 2021). In a systematic 

review of collision frequencies and intensities in adult rugby union, Paul et al., (2022) reported 

an average frequency of 22.0 (19.0 – 25.0) scrums, 116.2 (62.7 – 169.7) rucks, and 156.1 (121.2 

– 191.0) tackles per match, with forwards experiencing the highest number of tackles 12.8 (7.5 

– 18.1) compared to backs 7.6 (4.3 – 10.9) in studies using TMA. In studies using GPS MEMS 

devices, forwards were shown to experience 52.5 (29.8 – 75.2) very heavy impacts and 10.8 

(4.4 – 17.1) severe impacts per match, when compared to backs with 41.7 (26.4 – 57.0) very 

heavy impacts and 6.7 (5.1 – 8.4) severe impacts per match (Paul et al., 2022). No differences 

in >8G•min-1 impacts between forwards and backs during a game were reported (Tee and 

Coopoo, 2015). Though, for lower-level impact frequency (> 5 g), Tee, Coopoo and Lambert 

(2020) reported 8.3 ± 2.7 >5G•min-1 and 9.5 ± 3.1 >5G•min-1 impacts for forwards and backs, 

respectively, in a sample of nineteen professional rugby union players across 23 matches. 
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Tee, Lambert and Coopoo (2017) also previously reported that within the first 20 – 30 

min of match-play, players sustain the highest number of contacts and the fewest between the 

60- and 70-min periods. Forwards sustain a greater number of very heavy contacts during the 

second half of a match, whilst backs experience fewer impacts overall when compared to the 

first half (McLellan et al., 2013). Furthermore, during the 0 – 10 and 50 – 60 min periods of a 

match, forwards are shown to sustain a greater frequency of >5G•min-1 impacts and the fewest 

within 20 – 30 min, 40 – 50 min and 60 – 70 periods (Tee and Coopoo, 2015). Conversely, 

backs exhibit more > 5 g impacts during the 0 – 10 min and 20 – 30 min periods and the fewest 

within the final 10 minutes of a match (Tee and Coopoo, 2015). Indicating a strong need for 

all players to hold sufficient aerobic fitness to enable the efficient uptake of oxygen for energy 

production and the removal of waste products accumulated during these anaerobic events 

(Swaby, Jones and Comfort, 2016; Wasserman, 1986). 

 

2.2.1.5  Technical Actions and Tactical Contributions 

The profile of rugby union match-play is everchanging, with technological advances allowing 

for intense analysis of match-play, consequently enabling tactical models to push the laws of 

the game to their limits (Vahed, Kraak and Venter, 2016). Accordingly, between 2007 and 

2013, several rule changes were introduced, accommodating changing game styles to advance 

speed of play, competitiveness, game continuity and spectator appeal (Colomer et al., 2020). 

Given legislators' constant redevelopment of rugby laws which predominantly focus on the 

technical and tactical features of the game, investigation has turned to how different technical 

and tactical contributions may relate to or affect the physical demands experienced by players 

(Vahed, Kraak and Venter, 2016). Teams are now shown to commit additional players in 

defence in preparation for subsequent phases of play, resulting in increased game actions 

through added pressure on attacking teams to accelerate the speed of play (Vahed, Kraak and 
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Venter, 2016). With fewer scrums, line-outs, stoppages, handling errors, offloads and kicks 

now evident (Van den Berg and Malan, 2012; Hughes et al., 2017). Though the number of 

passes, rucks, mauls and tackles completed, metres gained and penalties conceded have all 

increased, resulting in a more physical and continuous game (Van den Berg and Malan, 2012; 

Vahed, Kraak and Venter, 2016). 

 

Numerous studies have employed GPS MEMS devices and notational analysis to 

examine locomotor demands and technical and tactical performance in rugby union. However, 

few have aimed to identify relationships between them, preventing further insight into the 

relationship between match intensity and technical performance (Reardon, Tobin and 

Delahunt, 2015; Lacome et al., 2017). Lacome et al., (2017) reported small to moderate 

declines (−42, ±10 to −21, ±7%) in high-speed running within the final 10-min and 5-min 

periods of eighteen matches, in comparison to all other 10-min and 5-min periods, alongside 

small changes (−18, ±51 to 13, ±41%) in skill-related performance in international-level 

forwards and backs. Findings also proposed that international players can largely maintain 

skill-related performance across match-play during declines in running performance and during 

the immediate periods after the most intense 5-min periods of play (Lacome et al., 2017). 

Whilst Ungureanu, Brustio and Lupo (2020) reported that greater physical demands during the 

early phases of matches are also observed in combination with more defensive collisions than 

attacking collisions through a higher cost of defensive gameplay.  

 

Further identifying increased measures of running activity to be influenced by tackles, 

passes, positive work rate in forwards and passes and possession for backs in thirty U20 elite 

players across five 2018 U20 Six Nations Championship matches. Regaining possession was 

also suggested to be linked with the on-pitch organisation of players rather than HSR 
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(Ungureanu, Brustio and Lupo, 2020). However, caution is advised in interpreting findings 

through difficulty in accurately replicating technical, tactical and locomotor demands due to 

differing team playing styles and match-to-match variability (Ungureanu, Brustio and Lupo, 

2020; McLaren et al., 2016). Consequently, "contest for possession", which occurs before all 

phases of play, becomes the central element of matches, with outcomes of these physical 

contests dictating the physical work rates of team attacking and defending strategies (Figure 3) 

(Tee, Ashford and Piggott, 2018). Consequently, as MAS is strongly related to distance 

covered during match play, the ability of players to control the game may influence recovery 

from periods of attacking and defensive play and vice versa (Swaby, Jones and Comfort, 2016).  

Figure 3. Principles and sub-principles of tactical responses to match-play in rugby union 

(from Tee, Ashford and Piggott, 2018). 
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2.2.2  Physiological Demands of Rugby Union 

Given the physically challenging nature of locomotor and movement demands observed across 

rugby union competition, it is essential to consider the relative physiological response to the 

work performed, otherwise known as the internal load, resulting from the sum of mechanical 

stresses associated with locomotor activity and collisions experienced by players (Jones et al., 

2015; Quarrie et al., 2017; McLaren et al., 2016). Principally, internal loads to match 

performance have been reported pre-, during- and post-match using both objective measures 

such as: HR, oxygen uptake, endocrine, haematological, immunological and direct 

performance measures, as well as subjective measures comprising assessments of sleep, mood, 

stress, and RPE (Quarrie et al., 2017). Though given prominent variances in physical demands 

experienced by positional groups and position-specific roles, responses may also differ due to 

technical competencies, opposing team behaviours, win/lose margin or frequency, use of 

substitutes and season phase (McLaren et al., 2016). The physiological demands of match-play 

are also considered variable, between-players and within-players (between-match), through the 

well-established, complex, and chaotic nature of team sport performance (McLaren et al., 2016; 

Duthie, Pyne, and Hooper, 2003). 

 

2.2.2.1  Cardiometabolic Responses 

Although time-consuming and vulnerable to technical problems, the measurement of HR 

responses to intense, intermittent team sport activity may be utilised to infer cardiometabolic 

work rates throughout a match through the linear relationship with oxygen uptake at sub-

maximal workloads (Brink et al., 2010; Thorpe et al., 2017; Duthie, Pyne, and Hooper, 2003). 

However, HR monitoring remains limited in investigating the physiological demands of rugby 

union match-play, particularly at the professional level, potentially due to the physical nature 

of contact sport providing logistical difficulties in achieving accurate measurements (Cunniffe 
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et al., 2009; Dubois et al., 2017). For example, in a case study of 2 elite rugby union players, 

Cunniffe et al., (2009) reported mean (HRavg) and peak HR (HRpeak) of 172 and 200 b·min−1, 

respectively, with both players reaching maximum HR (HRmax) during a competitive team 

selection match but, exhibiting higher HRavg during the first half than the second (173 vs 169 

b·min−1). Moreover, the back was shown to spend more time at 80 to 90% HRmax (42%) than 

the forward (27.7%), though the forward completed more time at 90 to 95% HRmax (15.4%) 

than the back (4.7%) (Cunniffe et al., 2009). Although the small sample size used largely 

prevents wider generalisability  

 

In a sample of university-level players (n = 21) across three games, Sparks and Coetzee 

(2013) reported a HRmax (b·min−1) of 192.2 ± 8.8 and HRavg (b·min−1) of 165.0 ± 12.3 for an 

average on-field time (min:ss) of 56:23 ± 16:55. Using match HRs and graded maximal test 

values, the first and second ventilatory thresholds were identified, then percentages of HRmax 

were organised by three intensity zones: low (<VT1), 141 – 152 b·min−1 (76.2 – 82.0% 

HRmax); moderate (VT1 – VT2), 153 – 169 b·min−1 (82.7 – 91.4% HRmax); and high (>VT2), 

170 – 182 b·min−1 (91.9 – 100% HRmax) (Sparks and Coetzee, 2013). Time spent in each zone 

comprised 22.8% low-intensity, 33.6% moderate-intensity, and 43.6% high-intensity (Sparks 

and Coetzee, 2013).  Players also spent a significantly greater amount of time at anaerobic 

threshold 13:00 ± 09:48 (37.4%) than aerobic threshold 08:03 ± 06:45 (23.2%) during the 

second halves of matches, despite no significant differences observed during first halves 

(Sparks and Coetzee, 2013). Further demonstrating that players spend long periods of time 

accruing lactate and metabolites through working at intensities above aerobic energy 

production, requiring players to recover efficiently during periods of lower intensity 

(Wasserman, 1986). 
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  Dubois et al., (2017) also investigated the physiological responses of fourteen 

professional players across five European challenge cup games. Reporting a mean %HRmax 

of 80.6 ± 4.3% during a typical match half and 20.0 ± 7.8 min (42.2 ± 16.5%) of time >85 

%HRmax during an average half, with forward players occupying more time at 85-92% of 

HRmax than backs (p<0.01; +67.6 ± 6.3%; d = 1.2 ± 0.6; ES: large) despite no significant 

difference found. Green et al., (2017) reported a high metabolic stimulus to simulated match-

play in twelve university-level players, identifying significant differences in blood lactate 

(mmol·1) between pre- and half-time periods of 1.8 ± 1.6, 3.5 ± 3.6 and 2.9 ± 3.3 at pre-, half- 

and full-time respectively. However, due to a small sample size, the study possesses limited 

inference to the broader elite population. 

 

The analysis of the research demonstrates the relatively intense nature of match-play 

but is characterised by highly variable responses, limited sample size and diverse reporting 

methods. As such, generalising intensity zones using %HRmax is contested as an accurate 

method for determining different intensity zones. Between-player differences in fitness and 

exercise economy are considered to reduce the sensitivity of exercise intensity and energy 

system contribution estimates when using HR responses in isolation (Sparks and Coetzee, 

2013; Achten and Jeukendrup, 2003). Blood lactate sampling may also not provide a true 

reflection of match demands, negatively affecting accuracy by sampling being dictated by 

stoppages in play (Sparks and Coetzee, 2013). Therefore, simulated match-play scenarios 

allowing greater access to players for sampling may also differ from actual match demands 

(Sparks and Coetzee, 2013; Green et al., 2017). 
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2.2.2.2  Subjective Perceptual Reponses 

In comparison, subjective perceptual measures such as RPE (arbitrary units [AU]) and session 

RPE (sRPE) (RPE multiplied by match duration) have been utilised as practical and effective 

methods for quantifying the relative physiological stress of team sport performance, post-

competition (Foster et al., 2001; Impellizzeri, Rampinini and Marcora, 2005). Furthermore, the 

method has been shown to associate with HR-derived internal load measures consistently and 

positively (r = 0.50 to 0.85), and sRPE shows a strong association (r = 0.82; 90% CI: 0.75 to 

0.87) with total running distance during team sport competition (Impellizzeri et al., 2004; 

McLaren et al., 2018a).  

 

Using a 10-point RPE scale (CR10®), McLaren et al., (2016) investigated player match 

loads in 28 male professional English Championship players over 15 competitive matches, 

reporting perceived exertions of 8.2 ± 0.9, 8.7 ± 0.7, 7.8 ± 0.9 for all players, forwards and 

backs respectively. Within- and between-player variability in RPE was shown as stable with 

moderate variability in match loads (8.2%; ±1.8%, 10.8%; ±2.1%), and a threshold of ∼10% 

was identified for likely substantial between-match change, concluding match RPEs may be 

interpreted with high accuracy (McLaren et al., 2016). Supporting this and also employing the 

CR10 RPE scale, Hudson et al., (2019) reported sRPE in seventeen elite English Premiership 

rugby union players across an eight-day competitive microcycle, reporting match loads of 

622.36 ± 98.70, 595.13 ± 106.45 and 658.67 ± 81.85 for all players, forwards and backs 

respectively. Furthermore, game day (GD) match load was reported as higher than training 

load on all other days apart from GD+3, which comprised a high-volume overload training day 

of activity similar to match demands (Hudson et al., 2019).  
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The exploration of the current evidence base indicates high relative physiological stress 

imposed on all players during competition compared to training, with greater perceived 

exertions experienced by forward players. Whilst RPE is considered a valid and reliable 

method for assessing internal load, few studies have investigated player match loads in larger 

sample sizes or divided by positional groupings (e.g. ‘front row’, ‘inside backs’, etc.), which 

may support the understanding of high variability in physical performance observed in matches 

(McLaren et al., 2016). Additionally, sRPE is considered to lack sensitivity when employed 

with measures of external load; therefore, differential RPE (dRPE) has been suggested to help 

contextualise match load monitoring by separating central and peripheral exertion signals 

(McLaren et al., 2016; McLaren et al., 2015; Weston et al., 2015). 

 

2.3  Player Physical Fitness Characteristics 

2.3.1  Relationships with On-Field Performance 

Rugby union players require an extensive range of well-developed fitness qualities to ensure 

efficient tolerance of the varying physical and physiological demands of intermittent team-

sport competition (McLaren et al., 2018b). Smart et al., (2014) identified relationships between 

anthropometric values, fitness test performance, game behaviours and match tasks reporting 

moderate to small negative correlations between 10 m speed and line breaks (r =	0.26), 20 m 

speed and metres advanced (r =	-0.32) and 30 m speed and tries scored (r =	-0.16) in elite 

games. Forwards, average 12 repeat sprint time, % body fat and repeated sprint fatigue (% 

reduction in repeated sprint time) also presented moderate to small correlations with activity 

rate measures (count of any actions performed, divided by game time) on and around the ball 

(r = −0.38, r = −0.17, and r = −0.17, respectively) (Smart et al., 2014). Consequently, players 

must possess well-developed muscular strength and power, speed, agility and aerobic and 

anaerobic capacity (Argus et al., 2009; Posthumus et al., 2020; Brazier et al., 2020).  
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2.3.2  General Physical Fitness Qualities 

2.3.2.1  Muscular Strength and Power  

The ability to rapidly generate high levels of muscular force is fundamental to effective 

tackling, wrestling, rucking, jumping, sprinting, and changes of direction (Brazier et al., 2020). 

Accordingly, elite forward players present greater maximal strength in comparison to backs in 

back squat 1RM (forwards: 186 ± 35 kg vs backs: 168 ± 32 kg) and bench press 1RM (forwards: 

136 ± 19 kg vs backs: 125 ± 17 kg) (Smart, Hopkins and Gill, 2013; Smart et al., 2014). 

Conversely, for muscular power, backs are reported to produce greater vertical jump 

performance than forwards, potentially due to lower body mass improving relative power 

production (Brazier et al., 2020). Argus, Gill and Keogh (2012) reported elite players generate 

greater absolute and relative power outputs in bench throw and jump squat exercises (1,140 ± 

220 W and 5,240 ± 670 W, respectively) in comparison to semi-professional (880 ± 90 W and 

4,880 ± 660 W) and academy players (800 ± 110 W and 4,430 ± 950 W). Given that team 

sports such as rugby require athletes to frequently accelerate, decelerate, and change direction, 

utilising all three energy systems (Phosphogen, Glycolytic, and Aerobic), aerobic fitness is 

therefore considered critical for team success, allowing efficient recovery from high-intensity 

muscular outputs (Baker and Heaney, 2015). 

 

2.3.2.2  Acceleration and Speed 

Smart et al., (2014) reported that well-developed linear acceleration and speed capability 

influence defensive positioning, tackle breaks, evasion of the opposition and frequency of tries 

scored. Speed is also a distinctive physical quality differentiating between positions, playing 

levels (elite players the fastest) and competition type with greater distances at high speeds (≥5 

m·s−1) observed during tier-one international matches in comparison to professional club 

matches (Brazier et al., 2020; Quarrie et al., 2013). As a result, speed over distances of 5-10 m 
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may be used to assess acceleration, whilst maximal sprinting velocity is considered to occur 

between 20-40 m (Barr et al., 2014). Hansen et al., (2011) reported sprint times of 1.91 ± 0.10 

and 4.40 ± 0.25 s for 10 and 30 m, respectively, in an elite squad. Cross et al., (2015) reported 

10 m sprint times of 2.04 ± 0.12 s for forwards and 2.01 ± 0.10 s for backs, whilst Crewther et 

al. (2009) reported 20 m sprint times of 3.16 ± 0.10 s for forwards and 2.96 ± 0.09 s for backs. 

However, across greater distances of 30 or 40 m, backs are faster than forwards (Smart, 

Hopkins and Gill, 2013). Consequently, outside backs display the fastest times over 10 – 40 m, 

whilst front and second row forwards present the slowest (Smart, Hopkins and Gill, 2013; 

Brazier et al., 2020). Mirroring the consistent trend in backs exhibiting superior maximal 

aerobic fitness when compared with forwards (Roberts et al., 2008) 

 

2.3.2.3  Agility and Change of Direction (COD) Ability 

During a match, all players must quickly read and decide how to respond to game situations, 

requiring the ability to perform multiple successive decelerations, COD and accelerations 

(Cahill et al., 2013). Green, Blake and Caulfield (2011) investigated 10 and 30 m linear speed 

(LS), COD speed, and reactive agility speed (RAS) in academy (n = 17) and Club-level (n = 

11) players using the Y-test. Reporting COD and RAS times of 2.09 ± 0.11 s and 2.35 ± 0.22 

s for club players and 1.87 ± 0.07 s and 2.15 ± 0.11 s for academy players, identifying academy 

players to perform LS, COD and RAS activities significantly faster compared to Club players, 

which may be due to skill level differences as opposed to player training and game history 

(Green, Blake and Caulfield, 2011). In a sample of elite players (n = 24), Freitas et al., (2018) 

investigated LS using a 40 m linear sprint test and COD ability using the Pro-agility, L-Drill, 

and Zig-zag COD tests. Backs performed LS and COD speed tests faster than forwards with 

no significant differences in COD deficit (difference between LS and COD task of equal 

distance) between positional groups, though faster players displayed greater COD deficits 
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(Freitas et al., 2018). A trend which is observed in various team sports (e.g. rugby union, 

football, handball), indicating current training methods concentrate on enhancing straight-line 

sprinting speed, meaning faster players may have difficulty maintaining high approach 

velocities during COD movements (Freitas et al., 2018; Loturco et al., 2018). Overall, agility 

tests, specifically within elite rugby union players, remain underreported, with many different 

test typologies employed in the few studies available (Freitas et al., 2018; Brazier et al., 2020). 

Consequently, requiring players possess well-developed cardiorespiratory capacity to enable 

the removal of metabolites accumulated during higher-intensity locomotive activity (Swaby, 

Jones and Comfort, 2016).  

 

2.3.2.4  Aerobic Capacity 

Given that 15% of game time comprises repeated intermittent high-intensity activity, the 

remaining 85% involves standing, walking, and jogging, providing the opportunity for 

recovery between efforts (Swaby, Jones and Comfort, 2016). Consequently, a well-developed 

level of aerobic fitness above the nonathletic population is considered essential for competition 

success, facilitating performance through effective recovery from the metabolic demands 

experienced (Swaby, Jones and Comfort, 2016). Whilst V̇O2max, a common indicator of aerobic 

fitness, may be considered a useful measure of performance, players largely display lower 

V̇O2max values than other field sport equivalents such as football (60.1 ± 2.3 ml·kg−1·min−1) and 

hockey (55.8 ± 4.0 ml·kg−1·min−1) (Sporis et al., 2009; Hinrichs et al., 2010). Scott et al., (2003) 

reported greater aerobic fitness in backs (48.3 ± 2.1 ml·kg−1·min−1) when compared with 

forwards (41.2 ± 2.7 ml·kg−1·min−1). However, decreased ecological significance is likely due 

to the use of laboratory methods and the potential for between-athlete differences in running 

economy, lactate metabolism, and training status (Brazier et al., 2020). Brooks and Kemp 

(2008) identified a greater relative V̇O2max (accounting for body mass) in backs and lower 
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absolute V̇O2max in forward players. Consequently, Brazier et al., (2020) postulate that elite 

players may possess a greater absolute V̇O2max in comparison to other field sports, with lower 

relative V̇O2max scores resulting from greater body mass, especially in forwards. However, 

published V̇O2max data remains dated and unlikely to reflect present-day levels of aerobic 

fitness, which may be attributed to the poor relationship between match performance and 

V̇O2max reducing applicability in applied settings (Brazier et al., 2020). Hence the development 

and use of MAS for assessing and developing aerobic qualities in team sport players (Buchheit 

and Laursen, 2013a). 

 

2.3.2.5  Anaerobic Capacity 

Given the frequency of high-speed running (>5 m·s−1) events and sustained RHIE involving 

combinations of repeated running, tackling, collisions, and scrummaging (Couderc et al., 2019; 

Sheehan et al., 2022). A suitable anaerobic capacity is vital to compete at a high level under a 

high physiological load (Dobbin et al., 2018). However, a wide range of intermittent running 

ability tests have been employed, such as the Yo-Yo Intermittent Recovery Test (Yo-Yo IRT 

L1) (Dobbin et al., 2018); the 30-15 Intermittent Fitness Test (30-15IFT) (Darrall-Jones, Jones 

and Till, 2016); the Rugby-Specific Repeated-Speed (RS2) test (Smart, Hopkins and Gill, 

2013); and the RHIE backs and RHIE RU forward tests (Austin, Gabbett, and Jenkins, 2013).  

 

Cunningham et al., (2018b) reported a higher Yo-Yo IRT L1 of 1429.3 ± 363.31 for 

forwards compared to 682.9 ± 289.1 for backs in a squad of international rugby union players 

(n = 29). Darrall-Jones, Jones and Till (2016) identified a higher Yo-Yo IRT L1 in U18 

compared with U16 academy rugby union players but unclear differences when comparing Yo-

Yo IRT L1 and 30-15IFT in backs. Potentially due to maturation, in which Yo-Yo IRT L1 scores 

appear to increase with playing level and age, in addition to higher maximal velocities 
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exhibited between age groups (Bangsbo, Iaia and Krustrup, 2008; Darrall-Jones, Jones and Till, 

2016). Supporting the knowledge that forwards demand a greater anaerobic capacity to support 

RHIE and collision demands associated with their on-field positional responsibilities (Brazier 

et al., 2020). However, little homogeneity between anaerobic capacity profiling methods has 

resulted in highly variable findings through varying associations between tests used and match 

performance through manipulation of distance, running speed, time, turns, use of weights and 

down-ups (moving from standing to the prone position and back) (Brazier et al., 2020). Given 

the reliance on anaerobic metabolism in both positional groups inducing increases in blood 

lactate and carbon dioxide (V̇CO2) production, player maximal aerobic capacity, therefore, 

plays a vital role in the cumulative attainment of high-intensity actions during match play 

(Dobbin et al., 2018; Zamparo et al., 2016). 

 

2.4  Maximal Aerobic Speed (MAS) 

2.4.1  Overview of Physiological Profiling in Team Sports 

Well-developed aerobic and anaerobic capacity is considered a major contributing factor to 

match performance, consequently employing all three energy systems (Phosphagen, Glycolytic 

and Aerobic systems) to support performance (Swaby, Jones and Comfort, 2016; Baker and 

Heaney, 2015). However, given the impractical nature of laboratory assessments of measures 

such as V̇O2max within the fast-paced team sport environment requiring costly treadmill and gas 

analysis equipment (Baker and Heaney, 2015). Physiological profiling has been widely 

adopted as a practical and time-efficient method to assess the complex interaction of metabolic, 

neuromuscular, and mechanical capabilities in team sport athletes (Figure 4) (Sandford, 

Laursen and Buchheit, 2021).  
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Using simple, time efficient and cost-effective field assessments, two physiological 

landmarks, MAS and maximal sprinting speed (MSS), can be assessed and further utilised to 

calculate anaerobic speed reserve (ASR), allowing estimation of athlete tolerance to high-

intensity exercise (Sandford, Laursen and Buchheit, 2021). Consequently, as team sports 

require a greater focus on the top part of the speed duration relationship, speed reserve ratio 

(SRR), defined as MSS divided by MAS, may be further extrapolated to infer muscle fibre 

typologies (Harper, Carling and Kiely, 2019; Sandford et al., 2019). Allowing practitioners to 

quasi-estimate and categorise athletes by athlete physiological profile, with players with <SRR 

considered speed-biased (type II fibre dominant), >SRR considered aerobic-biased (type I fibre 

dominant) and athletes between these groups considered a hybrid-biased profile (Sandford, 

Laursen and Buchheit, 2021; Sandford et al., 2019). This assessment method can provide 

greater individualisation of training prescription relative to athlete physiology at a given time, 

optimising physiological stress through improved training programming whilst reducing non-

Figure 4. Example athlete physiological profiles (from Sandford, Laursen and Buchheit, 2021). 
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responder incidences (Buchheit and Laursen, 2013b; Sandford, Laursen and Buchheit, 2021). 

As a result, MAS forms a large proportion of an athlete’s physiological profile and given that 

full-time professional sport environments require practitioners to accommodate large numbers 

of athletes, without trading reliability, field-based MAS assessments provide a practical 

alternative (Deuchrass et al., 2019). 

 

2.4.2  MAS Assessment 

With laboratory-based performance testing often requiring time-consuming procedures, 

expensive equipment and only allowing the testing of one athlete at a time (Paradisis et al., 

2014). Field-based testing is favoured as a more practical method due to greater time efficiency, 

lower associated costs and improved ecological validity (Bellenger et al., 2015; Paradisis et al., 

2014). Pertaining to this, Léger and Boucher (1980) developed and validated the Université de 

Montréal Track Test as a continuous, running-based field method to assess MAS in track 

athletes as an alternative to laboratory-based graded exercise tests. Building on this knowledge 

and applying the method to a team sport context, investigators adopted the Multistage Fitness 

Test and Yo-Yo IRT L1 as valid measures of aerobic performance (Bellenger et al., 2015). 

Though as the outcome measures of these methods are recorded as stage or level completed 

instead of a speed, pace or power output, the limited practical application of these newer tests 

prevents individualised training prescription (Dupont et al., 2010).  

 

Practitioners turned to developing further estimative field-based tests which better 

reflected the differences between track athletes on which Léger and Boucher’s (1980) original 

test was based and the high-intensity intermittent nature of team sport competition involving 

COD ability, inter-effort recovery ability and anaerobic capacity (Buchheit, 2010; Baker and 

Heaney, 2015). As a result, tests such as the 30-15IFT, 1.2SRT and set time/distance trials have 
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been proposed to better reflect the movement characteristics of team sport competition through 

the assessment of MAS (Buchheit, 2008; Hamlin et al., 2019; Baker and Heaney, 2015). For 

example, Buchheit (2008), identified the 30-15IFT to be significantly correlated (r = 0.87) with 

all physiological variables elicited by the 20 m Shuttle Run Test, accounting for 75% of the 

total variance in 30-15IFT maximal running speeds. Despite the popularity of the test within 

applied sport science in rugby, research on the 1.2SRT is sparse, though the test is shown to 

correlate strongly (r = 0.73 – 0.93) with 30-15IFT maximal running speeds (Deuchrass et al., 

2019; Kelly, Jackson and Wood, 2014). Whilst allowing greater individualisation of training 

running distances and speeds, the estimative nature of these tests means inconsistencies remain 

in the equations used to determine MAS through varying allowances for differences in body 

mass and COD requirements (Baker and Heaney, 2015). 

 

2.4.3  1.2 km Shuttle Run Test (1.2SRT) 

Methods such as the 1.2 km Shuttle Run Test (1.2SRT) or ‘Bronco Test’ comprising a 1200 m 

time trial of out and back shuttles (1 × 20 m, 40 m, 60 m × 5 reps), have become commonplace 

in the assessment of aerobic capacity in rugby union players (Kelly, Jackson and Wood, 2014; 

Hamlin et al., 2019; Teece et al., 2021). As the test only requires a stopwatch and cones, can 

be run on a marked rugby pitch, increasing ecological validity and takes ~6 minutes to complete 

(Deuchrass et al., 2019; Kelly, Jackson and Wood, 2014). Access to at least a 60 m length 

pitch, ~4 testing personnel, one at each of the turning points (0, 20, 40 and 60 m), and the 

outdoor nature of the test incorporating environmental influences on performance reducing 

repeatability are acknowledged limitations (Deuchrass et al., 2019).  

 

Using the method elite rugby union players are reported to achieve times of 303.9 ± 

24.8 s, 319.6 ± 25.1 s and 287.4 ± 8.5 s for all players (n = 39), forwards (n = 20) and backs 
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(n = 19) respectively (Vachon et al., 2021). Whilst in elite younger rugby union players (19.8 

± 1.4 years), Deuchrass et al., (2019) identified inside backs (n = 14) to complete the test 

markedly faster in 284.1 s in comparison to 297.0 s, 301.0 s and 317.0 s for outside backs (n = 

8), loose forwards (n = 9) and tight forwards (n = 16) respectively. As a result, MAS scores of 

4.32 m•s⁻¹ have been reported in a whole squad of elite Australian rugby union players (Backs: 

4.41 m•s⁻¹; Forwards 4.23 m•s⁻¹), whilst in a sample of South African U20 players, 4.23 m•s⁻¹ 

was reported for backs and 4.04 m•s⁻¹ for Forwards (Baker and Heaney, 2015; Lombard et al., 

2015). 

 

2.5  Submaximal Fitness Tests (SMFT) 

2.5.1  Overview of SMFT 

Traditionally in team sports such as rugby union, improvements in maximal-effort exhaustive 

tests have been used to assess improved aerobic capacity, with declines in test outcomes (e.g. 

MAS) interpreted as a negative training response (Buchheit and Rabbani, 2014; Kelly, Jackson 

and Wood, 2014). In response to this, Submaximal Fitness Tests (SMFT) have grown in 

popularity as a method highly applicable to the team sport environment, encompassing a wide 

range of protocols that can vary in exercise mode, intensity, outcome measures, and purposes 

(Shushan et al., 2022). Allowing the evaluation of positive and negative training effects via a 

time-efficient and easily administrated method whilst inducing low physiological loading 

during the microcycle (Shushan et al., 2023a).  

 

Shushan et al., (2022) define a SMFT as a non-exhaustive exercise bout undertaken at 

a standardised intensity in which relevant outcome measures are monitored to infer an athlete's 

physiological state. Specifically, exercise must form a cyclic activity using large muscle groups 

(e.g. running or cycling), be performed at a group or individualised internal or external intensity 
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without eliciting an excessive training stimulus, whilst monitoring a proxy measure 

(cardiorespiratory, subjective, mechanical or combination) of athlete physiological state to 

infer the direction and duration of training effects (Shushan et al., 2022; Shushan et al., 2023a; 

Jeffries et al., 2021). Given the increasing popularity of the test modality, numerous protocols, 

applications, outcome measures and considerations have been identified across multiple team 

sport settings when employing SMFT (Shushan et al., 2023b). 

 

2.5.2  Protocol Classifications and Application 

SMFT protocols can be classified based on exercise regimen (continuous or intermittent) and 

the manipulation of exercise intensity (fixed, incremental, or variable) (Shushan et al., 2022). 

Shushan et al., (2022) systematically reviewed and meta-analysed 87 studies identifying 100 

independently described SMFT synthesised into five distinct categories and further subdivided 

by activity mode, movement pattern, and exercise environment (Figure 5). Continuous-fixed 

refers to a fixed-intensity exercise bout that remains constant for the entire SMFT (e.g., 4 min 

running, 12 km·h-1, to elicit ~75 – 85% HRmax), whilst Continuous-incremental protocols are 

categorised by progressive increases in intensity within or between exercise bouts (e.g., 4 min 

running, 3 × 3-min bouts at 10, 11, and 12 km·h−1, 1 min rest periods) (Rabbani, Kargarfard 

and Twist, 2018; Buchheit, Simpson and Lacome, 2020). In contrast, Intermittent-fixed 

protocols are considered repetitive activity performed at constant intensities and rest intervals 

(4 × 50–60 m running at 18–22.5 km·h−1, 30 s rest periods), and Intermittent-incremental 

protocols form activity with fixed rest periods and increasing intensity between exercise bouts 

(e.g., 30 s running, 10-14 km·h−1, increasing by 0.5 km·h−1, 15 s rest periods) (Garrett et al., 

2019; de Freitas et al., 2015). Whilst Intermittent-variable protocols involve specific and non-

specific drills, with fluctuating locomotive demands during exercise (e.g., passing drills or 

small-sided games [SSG]) (Dello Iacono, Beato and Unnithan, 2021; Rowell et al., 2018).  
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Figure 5. Taxonomy of SMFT protocols (from Shushan et al., 2022). 
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Ultimately, given that team sport environments often involve a large cohort of athletes, 

the prescription of SMFT using individualised internal intensity measures (e.g., HR) may 

account for between-athlete differences in physiological capacity (Carling et al., 2018; Shushan 

et al., 2022). However, external intensity measures (duration and velocity) are recommended 

as a more practical solution, given that further periodic fitness assessments throughout different 

season stages would be impracticable (Shushan et al., 2022). As a result, continuous (fixed or 

incremental) SMFT protocols for a duration of 3–4 min are currently recommended when 

collecting the most popular (66% of studies) type of outcome measure, HR (e.g., HRex), to 

ensure reliable HR traces (Shushan et al., 2022; Shushan et al., 2023a). 

 

2.5.3  Outcome Measures and Monitoring Purposes 

HR variables such as exercise HR (HR during the final minute of the test [HRex]), recovery 

(difference between HR at the end of SMFT and 2 min post-test [HRR]) and vagal-related 

variability (HRV) are the most studied outcome measures in SMFT research (Figure 6) 

(Shushan et al., 2023a; Thorpe et al., 2016; Buchheit et al., 2012). Relatively fewer studies 

have also employed subjective measures such as RPE (6% of studies) and level 1, 2 and 3 

mechanical outputs (28% of studies) collected via GPS MEMS units to infer athlete 

physiological state during SMFT (Shushan et al., 2022; Owen et al., 2020b; Garrett et al., 

2021). 
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Given the popularity of HR measures during SMFT, HRex is proposed to relate strongly 

with oxygen uptake during continuous steady-state exercise, therefore providing a proxy 

indicator of within-athlete changes in aerobic capacity with a lower HRex, indicating a positive 

training effect in cardiovascular fitness (Buchheit, 2014; Mann, Lamberts and Lambert, 2013). 

HRex is also considered sensitive to exposure to extreme environments (e.g., heat and altitude) 

and training-induced overreaching providing practitioners with further useful indications of 

short-term physiological stress (Brink et al., 2013; Buchheit et al., 2014; Schneider et al., 

2018). SMFT HRex has also been meta-analysed as a reliable and valid proxy measure of 

endurance performance in team sports; HRex measurement properties also remain unchanged 

with differences in test protocols (Shushan et al., 2023a). Though the predictive quality of 

SMFT HRex in estimating field-based aerobic capacity test outcomes remains uncertain 

Figure 6. Currently used SMFT outcome measures and rationales (from Shushan et al., 2022). 
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(Shushan et al., 2023a). Additionally, the inclusion of HRR provides descriptive insight into 

athlete cardiac autonomic nervous system state, with increases indicating parasympathetic 

reactivation and more efficient hemodynamic adjustments post-exercise (Buchheit, 2014). 

However, values are acknowledged to be affected by body positioning, environmental factors, 

measurement time, and any preceding high-intensity exercise, reducing post-exercise HRR and 

vagal-related HRV results (Buchheit, 2014; Thorpe et al., 2015). 

 

2.6  Perceived Fitness 

2.6.1  Overview 

Indirect field-based methods of physical fitness assessment allow the efficient measurement of 

various physical fitness qualities with large cohorts of athletes without requiring time-

consuming, expensive or sophisticated equipment and trained administrators (Windt et al., 

2022; Aandstad, 2021). Whilst these measures are less susceptible to human biases, field-based 

methods still require a minimal amount of time, equipment, multiple trained practitioners and 

often maximal efforts from athletes to undertake, which may still limit feasibility within 

specific environmental contexts (e.g. limited time within/outside of training and match 

schedules in team sports) (Windt et al., 2022; Aandstad, 2021). Therefore, the utility of 

subjective perceptions of performance and physical fitness may provide an additional cost- and 

time-effective testing method (Windt et al., 2022; Keith, Stump and Clark, 2012).  

 

In team sport contexts, Windt et al., (2022) define subjective performance evaluations 

as measures that may capture human perceptions of sport performance constructs (e.g., 

physical, psychological, technical, tactical). Subjective assessments of performance constructs 

have mainly centred around informal and formal coach, practitioner and scout perceptions of 

athletes and teams, often guiding decision-making around team/squad selections, starting line-
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ups and in-game decisions (Windt et al., 2022; Jokuschies, Gut and Conzelmann, 2017). From 

athlete perspectives, several AROM are also widely used across applied sport science to 

quantify concepts such as training load using RPE and other responses to training and 

competition performance (e.g., wellness, recovery, sleep and muscle soreness) (Jeffries et al., 

2020). Recent work by Darrall-Jones et al., (2022) also reported professional male rugby union 

players (n = 12) to subjectively underestimate (ran faster) submaximal sprint velocities when 

verbally instructed to run at 60%, 70% and 80% of their maximal velocity (Vmax) and 

overestimated (ran slower) when asked to run at 90% Vmax in comparison to objective 

measures. Though, instrumented athlete perceptions of fitness and how they relate to objective 

fitness measures commonly used in applied sport science are yet to be addressed (Germain and 

Hausenblas, 2006).  

 

To date, the topic has been somewhat explored within physical activity research. 

However, findings remain unclear through an inability to agree upon an operational definition 

reflective of the multidimensionality of the physical fitness construct and subsequent failure to 

examine the relationship between perceptions and individual components of physical fitness 

(Germain and Hausenblas, 2006). Germain and Hausenblas (2006) also reported no differences 

in the relationship between perceived and actual fitness between sexes, though recent studies 

have refuted this, indicating men overestimate their perceptions of fitness compared with 

women (Obling et al., 2015; Petersen et al., 2021). This absence of consistency between studies 

has resulted in disparities in validity and reliability in assessment methods, sample 

characteristics (e.g., size, age, gender, fitness levels) and statistical methods used, making 

generalisable inferences challenging (Germain and Hausenblas, 2006). Therefore, several 

questions pertaining to self-reported perceptions of fitness in athletic populations remain 

unaddressed. 
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2.6.2  Measurement of Perceived Fitness 

When using subjective measures, the score produced by a measure can only approximate the 

construct in question, directly influencing the inference that can be made from that score 

(Windt et al., 2022). Few studies to date have utilised seminal work in this area from Borg, 

Skinner, and Bar-Or (1972) in which psychometric properties were employed to design a 

Stanine scale with a mean of 7 and standard deviation of 2, with verbal anchors placed at every 

second grade, validated to subjectively assess physical fitness. With the study reporting a 

strong correlation (r = 0.52) between perceived endurance capacity and a preferred workload 

on a treadmill, postulating stronger correlations may be achieved in specific or more 

representative populations (Borg, Skinner, and Bar-Or, 1972). In the most recent review of 28 

studies concerning perceived and actual fitness, Germain and Hausenblas (2006) reported 27 

studies to report the response rate (average: 91%, range: 40% to 100%), seven studies to define 

fitness (3 using an American College of Sports Medicine definition, 4 using a conceptual 

definition) and use of 22 different perceived fitness measures (author-developed questionnaire 

= 12 [1 item = 9, did not report the number of items = 3],  standardised instruments = 16 

[average of 24 items, range: 6 to 55]). Of which the scale by Borg, Skinner, and Bar-Or, (1972) 

was utilised with modifications to the design and verbal anchorage without any reasoning, 

therefore altering the optimal psychometric properties of the scale. 

 

Additionally, learnings from RPE research using dRPE scores have suggested that 

separating items in subjective measures may help contextualise monitoring by separating 

central and peripheral exertion signals (McLaren et al., 2015). However, in more recent work 

investigating perceived vs objective measures of fitness. Petersen et al., (2021) identified 

perceived fitness assessed using a single question and five response options in a Likert style 

(3441 men and women, age: 18 – 85 years) mainly captures cardiorespiratory fitness (rmen = 
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0.69 and rwomen = 0.65) with only moderate correlations for muscular strength and body 

composition. Therefore the study still failed to provide any description of the delivery of the 

scale to participants, define physical fitness, measure each component of physical fitness 

separately or attempt to understand the psychometric properties of the method used (Germain 

and Hausenblas, 2006). Despite past work highlighting the need for careful instrumentation to 

capture scores accurately, studies to date have largely failed to appropriately select scale items 

or report delivery mediums and timings (Windt et al., 2022).  

 

2.6.3  Psychometric Principles, Measurement Properties and Considerations 

Accepted principles of psychometrics dictate that when using scales for subjective assessments, 

illegal alteration in the formatting, positioning or wording of verbal anchors can affect their 

functional relationship and effectiveness as intersubjective points of reference (Borg, 1998; 

McLaren, Coutts and Impellizzeri, 2022). Additionally, any changes to the direction of change 

in a scale (e.g., horizontally or vertically), or design such as the use of conditional icons, images 

or colouring, can also alter perceptions of the meaning of steps in a scale (Borg, 1998; 

McLaren, Coutts and Impellizzeri, 2022). As a result, any changes to a measure may materially 

violate the optimal psychometric properties of a scale and, subsequently, the measurement 

properties of subjective responses. Given that these unjustified modifications are prevalent in 

the current body of work on perceived fitness, this brings into question the measurement 

properties of the assessment methods currently in use.  

 

Measurement properties in subjective measurement tools are broadly organised by 

validity and reliability and their subdomains (Figure 7) (McLaren, Coutts and Impellizzeri, 

2022). 
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Validity refers to the degree to which a measure reflects the construct being measured, while 

reliability refers to the repeatability of a measure (Impellizzeri and Marcora, 2009; Ary et al., 

2018). Additionally, the degree to which two measures of a theoretical construct which should 

be related are related is referred to as convergent validity, a sub-domain of construct validity 

(Krabbe, 2016). Any unjustified modifications, therefore, introduce sizable bias to ratings and 

effectively creates a new unvalidated scale which may not be measuring the construct in 

question preventing comparison with other work (Mokkink et al., 2016; McLaren, Coutts and 

Impellizzeri, 2022). Furthermore, given the multidimensionality of the physical fitness 

construct, the assessment of single items (e.g. aerobic capacity) aims to provide good face 

Figure 7. Key measurement properties for subjective monitoring tools in athlete monitoring (from 

McLaren, Coutts and Impellizzeri, 2022). 
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validity and clarity to athletes regarding which construct is being measured, though may lower 

sensitivity in construct validity (McLaren, Coutts and Impellizzeri, 2022). Therefore within the 

framework of this study, both RPF and SMFT HRex should, theoretically, be associated with 

both positive and negative training effects (e.g., changes in an exhaustive field test such as the 

1.2SRT) (Borg, Skinner, and Bar-Or, 1972; Shushan et al., 2023a). 

 

Lastly, further sources of conscious reporting bias can occur from the delivery, 

environment or timing of subjective evaluations, which may further disturb the accuracy of 

collected data through cognitive and situational factors consistent with the team sport 

environment (Impellizzeri and Marcora, 2009). Cognitive factors refer to the level of 

misconception or comprehension of the construct under investigation whilst situational factors 

are characterised by deliberate deception in response to environmental, social or personal 

stimuli (McLaren, Coutts and Impellizzeri, 2022). Consequently, measures must accurately 

instruct the user of the concept under investigation to reduce the risk of confusion, which may 

be paired with verbal instruction, habituation and education to increase athlete understanding 

and buy-in (McLaren, Coutts and Impellizzeri, 2022). Whilst situational factors are recognised 

as more difficult to control for, given deliberate deception may be a result of confirmation bias 

(e.g., imitating other responses perceived as ‘good’), personal gain (e.g., reducing the time of 

a task) or social desirability bias through a lack of confidentiality, anonymity or privacy (e.g., 

providing responses in the presence/view of other athletes/staff) (McLaren, Coutts and 

Impellizzeri, 2022; Coventry et al., 2023). Therefore, the method by which subjective data is 

collected may significantly affect the validity, reliability and accuracy of responses and any 

relationships with other constructs of interest. (Coventry et al., 2023). 
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2.7  Summary 

In summary, rugby union encompasses a wide array of physical and physiological demands 

underpinned by well-developed physical fitness attributes. Aerobic capacity and 

cardiometabolic fitness form a large proportion of a player’s ability to sustain these demands 

and therefore require considered assessment (e.g. MAS) and monitoring (e.g. SMFT, RPF, etc.) 

to indicate detraining, maintenance or positive adaptations to training. Whilst field-based tests 

provide a helpful alternative to laboratory assessment, SMFT and perceived fitness may offer 

greater utility without trading validity or sensitivity of measurement. However, the 

relationships between and the predictive nature of these measures are yet to be investigated in 

a team sport population. Consequently, an observational study investigating these measures, 

their relative associations and predictive qualities seems warranted. Accordingly, the 

overarching aims of the study were to: (1) evaluate the relationships between perceived fitness, 

SMFT HRex and MAS; (2) compare the predictive qualities between perceived fitness, SMFT 

HRex and MAS; and (3) conclude with practical recommendations and directions for future 

research.  
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CHAPTER 3.  METHODS 

3.1  Theoretical Approach 

For a study to provide high-quality findings, consideration must be made to the theoretical 

underpinning, allowing for an appropriate, succinct and coherent flow of information and 

presentation of any practical applications developed from collected data (Abt et al., 2022; 

Barroga and Matanguihan, 2021). Therefore, both ontological (how knowledge is determined 

in reality) and epistemological (how knowledge is created and appraised) positions must be 

taken to guide the design of a study and any subsequent interpretation of findings (Thomas, 

Nelson and Silverman, 2015; Scotland, 2012). Both the ontological and epistemological 

positions of a researcher guide the methodology of a study, justifying the procedures employed 

to create and contextualise findings. 

 

The study was underpinned by a post-positivist approach to allow for the observation, 

measurement and evaluation of relationships between perceived fitness, submaximal fitness 

and MAS whilst rejecting interactional factors to allow for objective outcomes (McNamee, 

2004). Drawing from the epistemology of objectivism and ontology of realism within sport and 

exercise science research, post-positivism is a consistently adopted philosophical approach in 

natural sciences such as physiology (Scotland, 2012; Pisk, 2014; Jones, 2022). Therefore, an 

impartial, deductive and repeatable approach, using a single data collection and statistical 

analysis of quantitative data, was used to allow for generalisable outcomes (Gratton and Jones, 

2014; Jones, 2022). Whilst the position may be limited through the exclusion of participants' 

lived experiences, personal opinions or emotions, the post-positivist approach allows for 

objectivity and statistical confidence in research outcomes whilst acknowledging the prior 

experiences and theories held by a researcher and the influence of bias and social contexts may 

also impact findings (Gratton and Jones, 2014; Petrovic, Koprivica and Bokan, 2017). 
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Therefore the epistemology of objectivism was utilised to inform methodological design using 

objective assessment methods routinely used in sports science (McNamee, 2004). 

 

3.2  Study Design 

The study investigated relationships between perceived fitness, submaximal fitness and MAS 

in rugby union players. A cross-sectional approach was employed, in which data were collected 

during one evening training session on the first day of the pre-season phase of the season 

(Halperin et al., 2018). Compared to longitudinal studies allowing for greater control of 

confounders, acute intervention periods are considered more feasible with high-performance 

athletes, given recognised difficulties in the planning and preparation required for high-quality 

data collection (Halperin et al., 2018). Cross-sectional approaches are also considered an 

appropriate correlational research strategy when investigating associations and the extent of 

relationships between two or more variables (Smith, 2010). While a high degree of internal 

validity may be achieved, considering how variables relate when observed together, it is 

recognised that external validity may be impacted through reduced ecological significance and 

the inability to identify cause and effect (Smith, 2010). 

 

Following the recommendations of Halperin et al., (2018), the study design was 

planned in consultation with performance staff responsible for the players involved in the 

study, allowing for greater participant availability, involvement and compliance. Data 

collection formed part of a yearly pre-season testing day consisting of gym-based physical 

performance testing in the morning and an evening session, in which field-based methods were 

utilised comprising player ratings of perceived fitness, a SMFT and 1.2SRT to calculate MAS 

(Figure 8). All testing was undertaken in typical conditions (15 °C; humidity: 59%; pressure: 

1028 hPa; wind speed and direction: 8 mph−1, SW) on an outdoor 3G marked rugby pitch, with 
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all players wearing competition standard studded footwear and lightweight training clothing 

(Haugen and Buchheit, 2016). Participants were advised to stay fully hydrated throughout the 

whole testing session. 

 

3.3  Study Sample and Recruitment 

A total of 50 male rugby union players participated in the study and were recruited from a 

university men’s performance squad of 113 players. At the time, the squad were twice 

consecutive national champions of the BUCS (British Universities and Colleges Sport) Super 

Rugby League, the highest level of men's university rugby union, comprising ten teams from 

universities across England and Wales (BUCS Super Rugby, 2022). Players were identified 

and recruited through non-probability purposive sampling via a ‘gatekeeper’ (Team Strength 

and Conditioning Coach), allowing for enhanced data quality through greater trust between the 

researcher, participants and relevant stakeholders (Gratton and Jones, 2014). Whilst the method 

is known to increase the risk of unavoidable sampling bias, the method accurately identified 

Figure 8. Schematic of study design. 
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cases relevant to both the aims and design of the study (Gratton and Jones, 2014). Following 

the Participant Classification Framework for defining the training and performance calibre of 

athletes developed by McKay et al., (2022), the sample included a combination of Tier 3 

(Highly Trained/National Level) and Tier 4 (Elite/International Level) athletes (Appendix 1). 

The overall squad comprised players: with a professional contract; in contract discussions; 

recently offered a professional contract; recently trained with a professional club; included in 

national team training camps; and players with one or more caps for their national team. 

 

Whilst 50 players took part in the overall study, some were unable to complete all 

aspects of the testing session due to an unscheduled team meeting immediately before the 

session started. Consequently, 36 players were included in the analysis of relationships and 

predictive qualities between perceived fitness, SMFT HRex and MAS, whilst 47 were included 

in the analysis between SMFT HRex and MAS (Table 1).  

 

Table 1. Participant characteristics (mean ± standard deviation) (min–max). 

Positional 
Group: 

Number 
(n =): Age (years): Height (cm): Body Mass (kg): 

All 47 21.1 ± 1.2 
(18.0 – 25.0) 

184.86 ± 7.28 
(167.50 – 197.60) 

97.82 ± 14.31 
(67.50 – 127.70) 

Forward 26 21.0 ± 1.4 
(18.0 – 25.0) 

189.00 ± 5.86 
(177.80 – 197.60) 

107.15 ± 11.39 
(80.00 – 127.70) 

Back 21 21.3 ± 0.9 
(20.0 – 23.0) 

179.73 ± 5.40 
(167.50 – 189.90) 

86.28 ± 7.46 
(67.50 – 97.00) 

 

3.4  Ethical Approval 

In accordance with the Department of Sport and Exercise Sciences research ethics policy, the 

study received ethical approval from the departmental Ethics Sub Committee (Appendix 2). 
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There were several ethical considerations relating to this study. All players voluntarily 

contributed to the study and were aware they could withdraw at any time without reason 

(Gratton and Jones, 2014). After data collection, all data was anonymised, securely stored on 

a password-protected university account, and only shared with named individuals on the 

research team. Before the testing session, all test protocols were explained to players and time 

was provided to ask questions. The inclusion criteria required study participants to be high-

performance rugby union players in regular training and competition. Exclusion criteria stated 

that participants must be free from injury or illness and be otherwise well to participate. All 

players provided written informed consent and were provided with a study information sheet, 

consent form and university privacy policy (Appendix 3, Appendix 4 & Appendix 5). The three 

documents summarised the study requirements, benefits, risks, data handling and withdrawal 

process. After a 48-hour deliberation window to consider involvement in the study and ask any 

further questions, players returned the required documentation to the lead researcher.  

 

Health and safety are primary considerations in the research ethics application process 

(Davison et al., 2022). The primary ethical consideration was the field-based nature of the test 

protocols. Comprehensive risk assessment was carried out for all physiological testing 

methods, facilities and equipment used to lessen potential hazards during data collection. All 

physical performance testing protocols were conducted in accordance with the British 

Association of Sport and Exercise Sciences (BASES) Sport and Exercise Physiology Testing 

Guidelines for Sport Testing (2022) (Davison et al., 2022). Lastly, to safeguard professional 

research conduct throughout the study, all communication and interaction between the research 

team, players and staff was completed per the BASES Code of Conduct (BASES, 2021). 

Consequently, any potential mitigated risks outweighed any benefits to the players through 
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involvement in the study. All players received a copy of their results and a participant 

debriefing sheet (Appendix 6) on completion of their involvement in the study.  

 

3.5  Protocols 

3.5.1  Anthropometry and Player Information 

Body mass was weighed to the nearest 0.1 kg wearing minimal clothing, using an electronic 

scale (Seca, 876, Seca Weighing and Measuring Systems, Birmingham, UK). Stature was 

measured to the nearest 0.1 cm using a stadiometer (Seca 217, Seca Weighing and Measuring 

Systems, Birmingham, UK). Predicted HRmax (pred. HRmax) was calculated using the 

equation for athletes by Tanaka et al., (2001) HRmax = 206 − (0.7 × age), and values were 

interpreted ± 10 b·min−1 given under and overestimation when using predictive equations 

(Nikolaidis, 2014). 

 

3.5.2  Athlete Rating of Perceived Fitness (RPF) 

At the beginning of the evening testing session, players completed a newly modified athlete 

rating of perceived fitness (RPF) scale (Appendix 7). The increased Stanine rating scale was 

adapted from a perceived fitness scale from Borg, Skinner, and Bar-Or (1972), consisting of a 

mean of 7 and a standard deviation of 2 with 13 steps, increasing in increments of 1 ranging 

from extremely low to high capacity, together with idiomatic English verbal anchors explaining 

the meaning of each value at every second grade. The scale was adapted to include one item, 

“Aerobic Fitness”, as an innate, popularly used and recognisable term for players to self-

appraise their overall endurance capacity (Chamari and Padulo, 2015). Reflecting the study 

aims of assessing subjective and objective fitness; the scale instructions were modified to ask 

players to rate their perception of their aerobic fitness ‘right now’ against the rest of their team 
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at that moment in time, which would then be measured by their performance in the 1.2SRT 

colloquially referred to as the ‘Bronco Test’ on the scale.  

 

Before administering the scale, players were verbally instructed to read all instructions 

in full, to appraise their capacity as objectively as possible and not to underestimate or 

overestimate their ability. The scale was distributed to players via a QR code linked to a 

bespoke online form (Appendix 8) (Microsoft® Forms, Microsoft Office 365™ A3 2022, 

Microsoft Corp., Redmond, USA). Players recorded their RPF using their own mobile devices; 

then, the software uploaded their responses to a cloud-based spreadsheet (Microsoft Excel®, 

Microsoft Office 365 A3 2022, Microsoft Corp., Redmond, USA). The estimated silent reading 

time for the scale was calculated as 01:01 (240 [words on RPF form] / 238 [average English 

words per min for adults]; Brysbaert, 2019). The average response time to all three questions 

on the form (name, position and RPF) was 01:20 (range: 00:25 - 03:42) and used as an 

estimative measure of time-on-task (e.g. comprehension of the form instructions and active 

engagement with the scale). RPF data was collected within a 4 min period, including verbal 

instruction. 

 

3.5.3  Submaximal Fitness Test (SMFT) 

Following submission of RPF, a SMFT comprising 4 min continuous-fixed running at 12 km·h-

1 was conducted to stimulate a steady state of ~75 – 85% HRmax. A shuttle-based continuous-

fixed protocol was selected, having been shown to produce high relative reliability and 

convergent validity in assessing changes to athlete aerobic capacity through monitoring HRex 

(Shushan et al., 2023a; Shushan et al., 2022). The protocol was fully explained to all players 

before the test, and the test was led by the lead researcher. The exercise regimen used 50m 

shuttles (try line to halfway line of rugby pitch) comprising 15 × 180º COD (Figure 9).  
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Additionally, a line of cones was placed at 25m (half of the total distance of one shuttle) 

as a reference point. To ensure the correct running speed was observed at all times, players 

were instructed to run in a line at the same pace as each other ensuring all players reached 

either line within 16 s at the same time. To aid pacing, a whistle was blown every 8 s to denote 

the start, 50% progress or finish of each 50m shuttle. Beat-to-beat heart rate was continuously 

monitored throughout the test using chest-worn heart rate monitors (Polar® H10, Polar Electro 

Oy, Kempele, Finland) and Polar Team (Version 1.9, Polar Electro Oy, Kempele, Finland). 

Immediately following the completion of the SMFT, HRR was measured. Instantaneously after 

Figure 9. SMFT pitch configuration. 
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the final whistle of the SMFT, players were instructed to stop, stand still, put their hands on 

their hips and close their eyes, remaining in the position for 2 min to limit sympathetic 

stimulation (Shushan et al., 2022). Heart rate was continually recorded at 1 Hz and then 

sampled every 5 s to enable the determination of HRex (average HR during the final 60 s of 

SMFT) and HRR (difference between HR at the end of SMFT and 2 min post-test) (Shushan 

et al., 2022). Following the conclusion of the test, all players rested for a period of 5 min before 

completing the 1.2SRT. 

 

3.5.4  1.2 km Shuttle Run Test (1.2SRT) 

Following the rest period, all players completed the 1.2SRT. Frequently used in rugby 

performance testing batteries, the test was utilised as a valid, field-based assessment of aerobic 

capacity, replicating the intermittent nature of team sports such as rugby union (Vachon et al., 

2021). Originally developed by Kelly and Wood (2013), the test comprises a 1200 m time trial 

in a shuttle format combining accelerations, decelerations, and 29 × 180º COD to better 

reproduce the intermittent movement demands of rugby union. Players were required to 

complete five repetitions of 20 m and back, 40 m and back, and 60 m and back (1 rep total 

distance = 240 m) straight shuttle runs at maximal intensity (Figure 10) (Brew and Kelly, 

2014). 
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Distances were measured using a 50 m tape measure, and cones were placed to 

noticeably identify the 0 m, 20 m, 40 m and 60 m distances. To further ensure the correct 

running distance of 1.2 km was achieved as closely as possible, all players were provided with 

an individual running lane (2.2 m) and were instructed before the test to touch each line with 

the whole of their foot before turning (Kelly and Wood, 2013). The lead researcher initiated 

Figure 10. 1.2SRT pitch configuration. 
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the test using a whistle. All players were closely monitored and verbally encouraged throughout 

the test by the research team from both touchlines and an observation channel in the centre of 

the test area opposite the goalposts on the pitch. Failure to reach two consecutive lines resulted 

in the termination of the test for that player. Beat-to-beat heart rate was continuously monitored 

at 1 Hz throughout the test using chest-worn heart rate monitors (Polar H10, Polar Electro Oy, 

Kempele, Finland) and Polar Team (Version 1.9, Polar Electro Oy, Kempele, Finland) to 

establish relative physiological strain and confirm maximal efforts (Lemmink et al., 2004). 

Test performance was recorded using a stopwatch and video recording (30 fps, 1080p) to 

ascertain accurate finish times. Finish times were defined as the time in minutes, on completion 

of 5 consecutive repetitions, as fast as possible, when a foot crossed the finish line of the test 

(Currell and Jeukendrup, 2008; Kelly and Wood, 2013). 

 

3.6  Calculation of MAS 

MAS is calculated as the total distance in m (1200 m) divided by the time taken in s to complete 

the 1.2SRT (Sandford, Laursen and Buchheit, 2021). However, Buchheit (2008) proposed 

correcting MAS by 0.7 s for every 180º COD in shuttle-based tests in a sample of young 

Basketball and Handball players due to turns requiring greater effort than continuous tests. 

Consequently, MAS scores were corrected by subtracting 29 × 0.7 s from finish times to 

account for time to turn during the 29 × COD during the 1.2SRT. 

 

3.7  Statistical Analysis 

Data were collated and formatted using Microsoft Excel (Microsoft Excel, Microsoft Office 

365 A3 2023, Microsoft Corp., Redmond, USA). Outliers were identified using visual 

inspection of raw data and removed before the analysis; 3 players were removed from the 

analysis due to measurement error during testing, resulting in intermittent HR data loss. 
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Statistical analysis was undertaken using R (v.4.2.2; R Core Team, 2022), the RStudio 

integrated development environment (IDE) (v.2023.3.0.386; Posit™ team, 2023) and the 

following R packages: tidyverse (v.2.0.0; Wickham et al., 2019), writexl (v.1.4.2; Ooms, 

2023), mbir (v.1.3.5; Peterson and Caldwell, 2019), patchwork (v.1.1.2; Pedersen, 2022), 

modelsummary (v.1.4.0; Arel-Bundock, 2022), olsrr (v.0.5.3; Hebbali, 2020) and grateful 

(v.0.1.11; Rodríguez-Sánchez, Jackson and Hutchins, 2022) (Appendix 9 & Appendix 10). 

Visual inspection (histograms and Q–Q plots) and normality testing (Shapiro–Wilk test) of raw 

data revealed no violations of normality assumptions. Consequently, descriptive statistics and 

parametric models were utilised. Data are presented as the mean ± standard deviation (SD) and 

RPF in 1 to 13 arbitrary units (AU).  

 

Unpaired two-sample t-tests were used to identify mean differences between forwards 

and backs. The strength of the association between variables was examined with linear 

correlation using Pearson’s product-moment correlation coefficients. Correlation coefficients 

(r) were interpreted using the usual scale of thresholds: 0.1, small; 0.3, moderate; 0.5, large; 

0.7, very large; and 0.9, extremely large (Hopkins et al., 2009). To avoid dichotomising the 

presence or absence of effects using traditional null hypothesis testing, the magnitude-based 

inference (MBI) approach was used to describe the uncertainty and magnitude of outcomes 

using the usual scale of probabilistic terms (Hopkins et al., 2009). Uncertainty in estimates 

were expressed as 90% confidence limits (±90% CL), inferring outcomes as unclear if the 90% 

CL overlapped both substantially positive and negative thresholds by ≥5% (Batterham and 

Hopkins, 2006; Hopkins et al., 2009). For clear associations, the predictive qualities of 

variables were modelled using linear and multiple linear regression with estimates of the 

coefficient of determination (R2), standard error of the estimate (SEE), intercept and slope. 

Regression diagnostics were also conducted to assess model compliance with assumptions.  
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CHAPTER 4.  RESULTS 

4.1  Descriptive Statistics and Differences Between Positional Groups 

The mean ± SD of perceived fitness, SMFT outcomes, 1.2SRT outcomes and differences 

between forwards and backs are provided in Table 2. The total study sample comprised players 

from Front Row (n = 8), Second Row (n = 8), Back Row (n = 10), Half Back (n = 10), Centre 

(n = 4) and Back Three (n = 7) positions. Comparisons between forwards and backs for 

perceived fitness, SMFT and 1.2SRT outcomes revealed differences ranging from almost 

certainly small for RPF (-2.4; ±1.1 AU); to most likely small for 1.2SRT total time (34.42; 

±8.68 s); likely small for HRex as a percentage of pred. HRmax (1.67; ±2.18%); possibly small 

for MAS (-0.51; ±0.12 m•s⁻¹) and likely trivial for pred. HRmax (0.2; ±0.4 b·min−1) (Table 2). 

All differences were unclear for HRex (3.4; ±4.1 b·min−1); HRR (-0.2; ±4.7 b·min−1); HRR as 

a percentage of pred. HRmax (-0.13; ±2.49%); HRavg (2.1; ±3.9 b·min−1); HRavg as a 

percentage of pred. HRmax (1.01; ±2.06%); and 1.2SRT HRpeak (-0.3; ±3.5 b·min−1) (Table 

2).
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Table 2. Descriptive statistics (mean ± standard Deviation) (min–max) and inferential statistics (90% confidence limits) of differences between 

positional groups for perceived fitness, SMFT and 1.2SRT outcomes. 

Variable 

Positional Group Difference between forwards and backs 

All 

(n = 47): 

Forward 

(n = 26): 

Back 

(n = 21): 

Mean difference; 

±90% CL: 

Uncertainty and 

magnitude of difference; 

MBI%a: 

Perceived Fitness 

RPF (AU) 
7.5 ± 2.3 

(2.0 – 11.0) 

6.3 ± 2.4 

(2.0 – 11.0) 

8.8 ± 1.4 

(5.0 – 11.0) 
-2.4; ±1.1 Almost Certainly Small; 

0.00/0.30/99.70% 

SMFT Outcomes 

pred. HRmax (b·min−1) 
191.2 ± 0.8 

(188.5 – 193.4) 

191.3 ± 1.0 

(188.5 – 193.4) 

191.1 ± 0.6 

(189.9 – 192.0) 
0.2; ±0.4 

Likely Trivial; 

13.80/85.90/0.30% 

HRex (b·min−1) 
176.8 ± 8.4 

(157.6 – 194.2) 

178.3 ± 8.5 

(158.8 – 194.2) 

174.9 ± 8.1 

(157.6 – 186.2) 
3.4; ±4.1 

Unclear; 

87.90/6.20/5.90% 

HRex/pred. HRmax (%) 
92.45 ± 4.45 

(82.37 – 102.29) 

93.19 ± 4.52 

(83.33 – 102.29) 

91.52 ± 4.29 

(82.37 – 96.96) 
1.67; ±2.18 

Likely Small; 

81.50/13.50/5.00% 

HRR (b·min−1) 
49.4 ± 9.5 

(32.0 – 70.0) 

49.3 ± 9.5 

(36.0 – 70.0) 

49.5 ± 9.8 

(32.0 – 66.0) 
-0.2; ±4.7 

Unclear; 

40.20/13.90/45.90% 

HRR/pred. HRmax (%) 
25.82 ± 5.00 

(16.73 – 36.73) 

25.76 ± 5.01 

(18.89 – 36.73) 

25.89 ± 5.10 

(16.73 – 34.63) 
-0.13; ±2.49 

Unclear; 

33.70/26.10/40.20% 
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1.2SRT Outcomes 

Total Time (s) 
304.04 ± 24.55 

(266.00 – 355.00) 

319.42 ± 22.13 

(271.00 – 355.00) 

285.00 ± 9.29 

(266.00 – 299.00) 
34.42; ±8.68 

Most Likely Small; 

100.00/0.00/0.00% 

MAS (m•s⁻¹) 
4.26 ± 0.36 

(3.59 – 4.88) 

4.03 ± 0.31 

(3.59 – 4.79) 

4.54 ± 0.16 

(4.31 – 4.88) 
-0.51; ±0.12 

Possibly Small; 

0.00/47.20/52.80% 

HRavg (b·min−1) 
189.6 ± 7.8 

(168.0– 210.0) 

190.6 ± 7.4 

(179.0 – 210.0) 

188.4 ± 8.3 

(168.0 – 199.0) 
2.1; ±3.9 

Unclear; 

76.20/11.10/12.70% 

HRavg/pred. HRmax 
(%) 

99.16 ± 4.16 

(88.14 – 110.58) 

99.61 ± 4.02 

(93.91 – 110.58) 

98.60 ± 4.36 

(88.14 – 104.41) 
1.01; ±2.06 

Unclear; 

66.10/22.70/11.20% 

1.2SRT HRpeak 
(b·min−1) 

199.9 ± 7.1 

(183.0 – 221.0) 

199.8 ± 7.2 

(189.0 – 221.0) 

200.1 ± 7.2 

(183.0 – 211.0) 
-0.3; ±3.5 

Unclear; 

34.80/18.50/46.70% 

a 

MBI%:  Negative/Trivial/Positive%. 

Abbreviations: CL: confidence limits; MBI: magnitude-based inference; RPF: rating of perceived fitness; AU: arbitrary unit;  SMFT: 

submaximal fitness test; pred. HRmax: predicted maximum heart rate;  b·min−1: beats per minute; HRex: exercise heart rate; HRex/pred. 

HRmax: exercise heart rate as a percentage of predicted maximum heart rate; HRR: heart rate recovery; HRR/pred. HRmax: heart rate recovery 

as a percentage of predicted maximum heart rate; 1.2SRT: 1.2 km shuttle run test; s: seconds; MAS: maximal aerobic speed;  m•s⁻¹: metres per 

second; HRavg: average heart rate; HRavg/pred. HRmax: average heart rate as a percentage of predicted maximum heart rate; HRpeak: highest 

heart rate recorded during the 1.2SRT. 
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4.2  Relationships between RPF, SMFT HRex and MAS 

Linear models and pairwise correlations were used to determine within-player relationships between measures of perceived, submaximal and 

maximal aerobic fitness. The linear associations between RPF, SMFT HRex and MAS are presented in Figure 11 and Table 3. 

    

Figure 11. Linear models of relationships between RPF, SMFT HRex and MAS: A: scatter plot of RPF and MAS; B: scatter plot of SMFT HRex and MAS; C: 

scatter plot of RPF and SMFT HRex. 
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Table 3. Pearson's product-moment correlation coefficients of HRex, RPF and MAS. 

 

Linear models and correlation coefficients revealed an almost certainly large positive 

association between RPF and MAS (r = 0.58; ±0.19), modelled by a linear homoscedastic 

distribution (Table 3; Figure 11, A). With backs reporting a higher RPF (almost certainly 

[small] increase) and achieving a higher MAS (possibly [small] increase) during the 1.2SRT 

in comparison to forwards (Figure 11, A; Table 2). A likely small negative association between 

SMFT HRex and MAS (r = -0.25; ±0.23) was also identified, modelled by a linear 

heteroscedastic distribution (Table 3; Figure 11, B). Backs achieved a higher MAS (possibly 

[small] increase) during the 1.2SRT in comparison to forwards, with no clear difference in 

HRex (unclear difference) observed (Figure 11, B; Table 2). A possibly small negative 

relationship between RPF and HRex (r = -0.19; ±0.27) was also revealed and modelled by a 

linear heteroscedastic distribution (Table 3; Figure 11, C). Backs largely reported a higher RPF 

Pairwise 

Correlation: 
df: r: 90% CL: 

Uncertainty, magnitude and 

direction of relationship; 

MBI%a: 

RPF and MAS 34 0.58 0.19 
Almost Certainly Large Positive; 

99.90/0.10/0.00% 

HRex and MAS 45 -0.25 0.23 
Likely Small Negative; 

0.90/13.90/85.20% 

RPF and HRex 34 -0.19 0.27 
Possibly Small Negative; 

4.60/25.00/70.40% 

a 

MBI%:  Negative/Trivial/Positive%. 

Abbreviations: df: degrees of freedom; r: correlation coefficient; CL: confidence limits; 

MBI: magnitude-based inference; HRex: exercise heart rate; MAS: maximal aerobic speed; 

RPF: rating of perceived fitness. 



80 

(almost certainly [small] increase) in comparison to forwards, though no clear difference in 

HRex (unclear difference) was observed (Figure 11, C; Table 2). 

 

4.3  Prediction of Submaximal and Maximal Aerobic Fitness 

Linear and multiple linear regression was used to model the predictive qualities of perceived, 

submaximal and maximal aerobic fitness. Linear regression was first employed to identify if 

player RPF and SMFT HRex are predictive of MAS measured using the 1.2SRT and if player 

RPF is predictive of SMFT performance (HRex) as a measure of submaximal, aerobic, 

cardiovascular fitness. Multiple regression was then used to identify if player RPF and SMFT 

HRex combined provide an improved prediction of MAS measured using the 1.2SRT. Linear 

regression model outcomes are presented in Table 4 and the results of the multiple regression 

model are shown in Table 5. 

 

Table 4. Linear regression analysis for the prediction of MAS from HRex and RPF, and HRex 

from RPF. 

Model Summary 

Outcome: Predictor: R2: SEE: Intercept: Slope: AIC: 

MAS 
RPF 0.33 0.28 3.62 0.08 14.00 

HRex 0.06 0.35 6.14 -0.01 38.40 

HRex RPF 0.04 8.48 182.58 -0.71 260.00 

Abbreviations: R2: coefficient of determination; SEE: standard error of the estimate; AIC: 

Akaike information criterion; MAS: maximal aerobic speed; HRex: exercise heart rate; 

RPF: rating of perceived fitness. 

 
 



81 

Linear regression analysis revealed RPF to explain 33% of the variance in MAS with the lowest 

estimated prediction error (SEE: 0.28; AIC: 14.00) (Table 4). HRex was also revealed to 

explain 6% of the variance in MAS with a higher estimated prediction error (SEE: 0.35; AIC: 

38.40) compared to RPF (Table 4). Whilst RPF represented 4% of the variance in HRex with 

the highest estimated prediction error (SEE: 8.48; AIC: 260.00) of all the linear models 

assessed (Table 4). 

 

Table 5. Multiple linear regression analysis for prediction of MAS from HRex and RPF. 

Model Summary 

Outcome: Predictor: R2: Adj. R2: SEE: AIC: 

MAS HRex + RPFa 0.33 0.29 0.28 15.90 

a 

Tolerance level: 0.963; and Variance Inflation Factor (VIF): 1.038; for both predictor 
variables. 

Abbreviations: R2: coefficient of determination; Adj. R2: coefficient of determination 

accounting for non-significant predictors; SEE: standard error of the estimate; AIC: Akaike 

information criterion; MAS: maximal aerobic speed; HRex: exercise heart rate; RPF: rating 

of perceived fitness. 

 

Multiple linear regression analysis revealed HRex and RPF combined to explain 33% of the 

variance in MAS, with the second lowest estimated prediction error (SEE: 0.28; AIC: 15.90) 

of all models analysed (Table 5 & Table 4). Regression diagnostics revealed high tolerance 

and low VIF (tolerance: 0.963, VIF: 1.038), indicating no degrading multicollinearity between 

the predictor variables (Table 5). Overall, the regression analysis revealed RPF to be the 

strongest predictor of MAS (R2 = 0.33; SEE: 0.28) compared to SMFT HRex (R2 = 0.06; SEE: 



82 

0.35) and both variables combined (Adj. R2 = 0.29; SEE: 0.28) (Table 4 & Table 5). RPF was 

also revealed to be a poor predictor of SMFT HRex as a proxy measure of submaximal aerobic 

fitness, with the highest estimated prediction error of all the models assessed (R2 = 0.04; SEE: 

8.48) (Table 4 & Table 5).  
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CHAPTER 5.  DISCUSSION 

The overall purpose of this study was to investigate the relationships and predictive qualities 

between field-based measures of perceived, submaximal and maximal aerobic fitness in a 

sample of high-performance British university rugby union players. To evaluate the 

associations and predictive qualities of RPF, SMFT HRex and MAS, three specific research 

questions guided the study. First, to quantify to what extent MAS, measured using the 1.2SRT, 

is associated with RPF and SMFT HRex. Second, to quantify to what extent player RPF 

associate with SMFT HRex as a proxy cardiovascular fitness measure of submaximal aerobic 

capacity. Finally, to evaluate the singular and combined predictive qualities of RPF and SMFT 

HRex in forecasting MAS measured using the 1.2SRT and SMFT HRex from RPF. To date, 

the study is the first to examine the relationships and predictive qualities between perceived 

fitness and objectively measured fitness using commonly employed field-based methods in a 

sample of team sport players. More specifically, the study is the first to modify and use a scale 

specifically designed to assess athlete perceptions of aerobic capacity in a team sport setting. 

Finally, the study is also the first to employ a pitch-based continuous-fixed SMFT protocol 

with a minimum dose of 3-4 min in a sample of rugby union players whilst also assessing the 

predictive qualities of RPF and SFMT HRex in forecasting MAS derived from the 1.2SRT. 

 

5.1  Relationships and Predictive Qualities Between RPF, SMFT HRex and MAS 

Windt et al., (2022) argue that applying best practice subjective assessment techniques and 

accepted psychometric principles in subjective performance evaluations may open new fields 

of investigation, demonstrating the value or perhaps limited utility of athlete intuition in 

understanding athletic capacity or performance. A systematic approach is also required to 

effectively manage training in team sports based on a thorough framework and utilising 

sensitive proxy outcome measures able to detect acute and chronic training effects (Kalkhoven, 
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Watsford and Impellizzeri, 2020; Vanrenterghem et al., 2017; Jeffries et al., 2021). In this 

respect, SMFT provide a helpful solution in monitoring athletes in team sports by alleviating 

physical and mental inconveniences commonplace with maximal exhaustive testing methods 

(Shushan et al., 2022; Shushan et al., 2023b). In extension of previous work in these areas, this 

study demonstrated that athlete RPF for aerobic capacity hold acceptable levels of content, face 

and construct domains of validity, highlighting the potential benefit of athlete perceptions of 

fitness in a team sport setting. In addition, SMFT HRex was revealed to be weakly associated 

with or predictive of MAS, measured using the 1.2SRT, and RPF was not well associated or 

predictive of SMFT HRex as a proxy cardiovascular measure of submaximal aerobic capacity. 

Finally, this study revealed that a combined model of both RPF and SMFT HRex does not 

improve the association with or predictive power of MAS, measured using the 1.2SRT 

compared to RPF alone.  

 

5.1.1  RPF and MAS 

The study identified an almost certainly large positive within-player association between RPF 

and MAS measured using the 1.2SRT, with moderate predictive quality and low estimated 

prediction error. This represented a novel finding, indicating strong construct validity for the 

rating scale in a sample of team sport athletes and is in direct support of previous work on this 

topic in non-athletic populations. For example, seminal work by Borg, Skinner, and Bar-Or, 

(1972), upon which the scale used in the current study was based, reported a large correlation 

(r = 0.52) between perceived endurance capacity and a preferred workload on a treadmill (n = 

70), postulating stronger correlations in more specific populations. Whilst more recently, 

Germain and Hausenblas (2006) revealed combined perceived fitness scores of men and 

women of multiple ages moderately related to physical test outcomes (r = 0.38, n = 33, CI = 

±.058), with results further augmented in younger people (r = 0.37, n = 25, CI = ±0.09) and 
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studies employing standardised perceived fitness measures (r = 0.43, n = 18, CI = ±0.071). 

Given the higher correlation coefficient observed in the current study, the findings indicate that 

rugby union players may more accurately perceive their aerobic capacity compared to no-

athletic populations. Supporting the work conducted by Borg, Skinner, and Bar-Or, (1972) this 

greater ability to predict fitness may therefore be attributed to the notion that highly trained 

athletes who participate in regular training and competition may have a better sense of their 

fitness than the average person. Whilst also directly supporting the view that to accurately 

assess a target construct, alterations to subjective measures must be in keeping with accepted 

psychometric principles, ensuring subjective responses remain consistent with the observed 

relationships and assumptions of the measurement tool (Borg, 1998; McLaren, Coutts and 

Impellizzeri, 2022). 

 

Comparisons between forwards and backs revealed an almost certainly small difference 

in RPF and a possibly small difference in MAS. This was a theoretically expected finding and 

is consistent with previous literature indicating MAS differences between forwards and backs 

while also providing evidence of content validity for athlete RPF in which subjective outcomes 

strongly reflect the objective measures investigated (McLaren, Coutts and Impellizzeri, 2022). 

Baker and Heaney (2015) reported MAS scores of 4.32 m•s⁻¹ for a squad of elite Australian 

rugby union players and positional differences of 4.41 m•s⁻¹ for backs and 4.23 m•s⁻¹ for 

forwards. This positional difference has been extensively attributed to the relative variation in 

physical and movement demands between players, and resulting physiological responses, with 

MAS shown to strongly correlate (r = 0.746) with distance covered during match play in 

professional rugby players (Tierney et al., 2017; Cunningham et al., 2018b; McLaren et al., 

2018a; Swaby, Jones and Comfort, 2016). The study, therefore, demonstrates that positional 
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group differences in player RPF are consistent with differences in MAS, with players who 

report a higher RPF subsequently achieving a higher MAS during the 1.2SRT, and vice versa. 

 

Given that motivation to perform maximally is vital in providing practically useful 

outcomes in measures such as MAS, HR measures were collected as markers of internal load 

to evaluate relative physiological strain during the test and confirm maximal efforts (Thorpe et 

al., 2017; Lemmink et al., 2004). During the 1.2SRT, all players performed the test at an HRavg 

close to pred. HRmax, with all players also displaying a mean HRpeak during the test 

exceeding pred. HRmax, suggesting that maximal efforts were achieved. However, it must be 

acknowledged that predictive equations for HRmax derived from age likely under and 

overestimate true HRmax, though even using the recommended conservative interpretation of 

± 10 b·min−1, all players still completed the test within the region of 90 – 100% of pred. HRmax 

(Nikolaidis, 2014). No clear differences between forwards and backs in HRavg; HRavg as a 

percentage of pred. HRmax or 1.2SRT HRpeak were reported. Furthermore, a most likely small 

difference for 1.2SRT total time was observed with a possibly small difference in MAS. In 

comparison with previous literature, Vachon et al., (2021) reported similar completion times 

in elite rugby union players of 303.9 ± 24.8 s for all players (n = 39), 319.6 ± 25.1 s for forwards 

(n = 20), and 287.4 ± 8.5 s for backs (n = 19). Therefore, the subjective outcomes in this study 

appear to be an acceptable reflection of objectively measured aerobic capacity, indicating that 

player RPF demonstrate good face validity in relation to MAS (McLaren, Coutts and 

Impellizzeri, 2022). However, it must also be recognised that the players involved in this study 

were also full-time university students and by definition highly educated. This may also have 

an effect on the ability of athletes to accurately perceive components of fitness through a greater 

understanding or comprehension of the task at hand (Mátrai, 2016). 
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In summary, athlete RPF for aerobic capacity show strong levels of validity across 

several domains. However, further work is needed to assess the reliability (e.g., internal 

consistency, measurement error etc.) and sensitivity (responsiveness domain) of within- and 

between-athlete changes to perceptions of fitness in relation to acute or chronic and negative 

or positive training effects. 

 

5.1.2  SMFT HRex and MAS 

The study revealed a likely small negative association between SMFT HRex and MAS and 

poor predictive quality, with a high estimated prediction error compared to RPF. Whilst a novel 

finding concerning the athletic population selected and choice of maximal test used in this 

study, both Mohr and Krustrup (2014) and Fanchini et al., (2014) have also determined non-

significant correlations between HRex and maximally derived cardiorespiratory function in 

samples of semi-professional and young soccer players respectively. Seemingly, while studies 

suggest strong convergent validity and associations between HRex and maximally derived 

cardiorespiratory function (Shushan et al., 2023a; Buchheit et al., 2012; Hulin et al., 2019), the 

current disparity in this area of research, suggests the combinations of SMFT and maximal 

tests may evaluate different constructs or mechanisms in the training process, which may be 

reflective of the interaction between internal load responses and diverse SMFT and maximal 

test modalities (Scott et al., 2022). 

 

 Further, the study reported a likely small difference between positional groups in HRex 

as a percentage of pred. HRmax. This may reflect the higher aerobic capacity observed in backs 

compared to forwards allowing for a reduced HRex and subsequent internal load for the same 

given physical output (Baker and Heaney, 2015; Vachon et al., 2021). Unclear differences for 

HRex, HRR, and HRR as a percentage of pred. HRmax were also observed, indicating that the 
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SMFT protocol intended dose of ~75 – 85%, HRmax was likely achieved by all players (± 10 

b·min−1), and therefore the likelihood of methodological error is low. However, the theoretical 

association between HRex and maximally derived cardiorespiratory function may also be 

limited by the currently known construct validity of methods such as the 1.2SRT (Scott et al., 

2022). Despite the test being the most used method of MAS assessment in the monitoring and 

preparation of rugby union players, to the researcher's knowledge, the method is yet to be 

validated against a gold standard measure (Kelly, Jackson and Wood, 2014; Hamlin et al., 

2019). There is also little consensus on the application of corrective equations developed to 

account for differences in anthropometric qualities of varying athletes and variable COD 

requirements of test methodologies (Appendix 11) (Teece et al., 2021; Baker and Heaney, 

2015). 

 

 In summary, the study identifies a poor association and predictive quality between 

SMFT HRex, and MAS measured using the 1.2SRT. Therefore, the study advises against using 

SMFT HRex to predict MAS derived from the 1.2SRT in rugby union players until further 

work is conducted to assess the use and validity of differing SMFT and MAS assessment 

methods, which currently likely prevents any meaningful association. 

 

5.1.3  RPF and SMFT HRex 

Exploratively, the association and predictive qualities between RPF and SMFT HRex as a 

proxy measure of submaximal aerobic fitness were also assessed. Similarly, a possibly small 

negative relationship between RPF and HRex was also revealed alongside a poor representation 

of the variance in HRex, with the highest estimated prediction error of all models assessed in 

the current study. This represented an expected finding, given that the RPF scale instructions 

were specifically edited to anchor responses to performance in the 1.2SRT as a field measure 
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of maximal aerobic capacity in rugby union players. Therefore, this finding reflects the notion 

that player RPF for aerobic capacity in their current form in this study are mainly reflective of 

maximal aerobic capacity rather than submaximal aerobic capacity. This is also supported by 

the existing literature on perceptions of fitness, which, regardless of the scale used, contends 

that perceptions of fitness largely represent cardiorespiratory fitness (Petersen et al., 2021). 

However, this represents a further avenue of investigation in which a second item, 

“submaximal aerobic capacity”, may be added to the scale to assess if perceptions of aerobic 

fitness are nuanced between submaximal and maximal intensities.  

 

5.1.4  RPF + SMFT HRex and MAS 

Lastly, a multiple linear regression model combining HRex and RPF moderately explained the 

variance in MAS whilst exhibiting the second-lowest estimated prediction error of all models 

analysed. Regression diagnostics revealed high tolerance and low VIF, indicating no degrading 

multicollinearity between the predictor variables. However, the overall regression analysis 

showed RPF alone as the strongest predictor of MAS compared to SMFT HRex and both 

variables combined. Therefore, the addition of SMFT HRex to player RPF does not currently 

improve the association with or predictive quality for MAS estimation in rugby union players. 

This finding is also consistent with the previous models discussed in that given SMFT HRex 

proves to be a helpful monitoring tool in relation to some measures of maximally derived 

cardiorespiratory functioning (Shushan et al., 2023a; Scott et al., 2022; Buchheit et al., 2012; 

Hulin et al., 2019). The wide variety of currently used SMFT practices, possibly due to a lack 

of robust evidence across multiple team sport contexts, are not yet sufficiently investigated for 

this particular use case (Shushan et al., 2023b). Paired with the unknown construct validity of 

the maximal test used in this study, likely prevents the improved estimation of aerobic-oriented 

physical capacity in rugby union players (Kelly, Jackson and Wood, 2014; Teece et al., 2021; 
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Baker and Heaney, 2015). Additionally, it is important to consider that fitness and performance 

have relative and absolute connotations. For example, a forward may perceive themself to be 

at a high level of relative aerobic fitness compared to previous levels of fitness or compared to 

the rest of the forwards. Yet, in comparison to backs, which may possess a distinct 

anthropometry, their absolute maximal aerobic speed, may be considerably lower. Similarly, 

the completion of the SMFT at a given absolute speed, of 12 km·h-1 would present a different 

level of relative challenge to individuals. 

 

 To conclude, drawing definitive inferences as to the estimation of MAS from SMFT 

HRex remains an equivocal topic in the continued development of SMFT design and 

application in team sport contexts, making their use for this particular purpose somewhat 

challenging. 

 

5.2  Study Limitations 

5.2.1  Recruitment, Sample Size and Missing Data 

Given the exploratory nature of the study, it is important not to over-interpret findings and to 

acknowledge study limitations. It is not uncommon for team sport research to be characterised 

by small sample sizes (Halperin et al., 2018). Windows of opportunity to conduct testing 

batteries are often limited by the coordination of time available, the imbalance of athletes to 

test administrators and frequent last-minute changes to plans, reducing the scope to conduct 

high-quality data collection required for robust research outcomes (Malone et al., 2019; 

Weakley et al, 2022). As a result, whilst data were collected for 50 players in the overall study, 

some players could not complete the RPF scale due to an unscheduled team meeting taking 

place on the pitch immediately before the start of the testing session. This meeting meant that 

a shorter period than was planned was allocated to testing, resulting in any player who arrived 



91 

late being unable to participate in this aspect of the session due to the time required to 

appropriately deliver instructions and complete the task.  

 

Additionally, three players were removed as outliers from the final sample due to 

measurement error. Consequently, 36 players were included in the analysis of relationships and 

predictive qualities between perceived fitness, SMFT HRex and MAS, whilst 47 were included 

in the analysis between SMFT HRex and MAS. Lastly, all players involved in the study were 

recruited from a single club, potentially strengthening or weakening the relationships observed 

between variables through all the players being accustomed to similar training patterns and 

match schedules. 

 

5.2.2  Equipment and Testing Errors 

As previously mentioned, three players were removed as outliers from the final sample due to 

measurement error pertaining to HR traces. Despite all heart rate monitors being tested to 

ensure their complete working order before data collection for the study, two HR monitors 

malfunctioned during testing resulting in intermittent data loss and rendering their data 

unusable. Furthermore, a third player’s data was also unusable due to the incorrect placement 

of their chest-worn HR monitor. Whilst most players were familiar with wearing the devices 

previously, and despite instruction regarding correct use provided at the start of the testing 

session, the strap became loose, and the unit was incorrectly positioned for a substantial period 

resulting in instances of complete data loss. Given large inter-individual responses in sports 

science research, outliers can substantially adversely affect the mean of data sets and impact 

correlation and regression models relatively easily (Atkinson and Batterham, 2015; Hopkins, 

2015; Halperin et al., 2018). Therefore the removal of these cases was justified to ensure 

accurate analysis and reporting of results. Furthermore, given the exploratory nature of the 
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study, scatter plots were specifically chosen as the most transparent way to accurately represent 

raw within-player dose-response relationships, as the approach is particularly appropriate for 

smaller samples (Halperin et al., 2018). 

 

 Regarding the collection of heart rate data, multiple factors were not controlled for due 

to the timing of the testing session. As previously reported, several factors are known to acutely 

affect HR indices, such as plasma volume changes from heat acclimatisation, moderate to high-

intensity exercise in the preceding 24 hours, hydration status, caffeine intake, sickness, or long-

haul travel impeding sleeping patterns (Achten and Jeukendrup, 2003; Buchheit, 2014; 

Buchheit et al., 2011; Schneider et al., 2018). Whilst typically, these acute effects are reversed 

within a few days, there were no controls in place to quantify or account for these effects. Given 

that testing also formed an extra part of the first day of pre-season, the squad testing schedule 

was especially congested and spread out throughout the day and into the evening. Therefore it 

was impracticable to ask players to refrain from or differently control their travel, sleeping, 

eating or drinking habits throughout the day. 

 

As a result of the testing session being scheduled in the evening, it is also acknowledged 

that the daily stresses of life and increased apprehension from players wanting to make a good 

impression on the first day of the season may also have influenced responses during testing. 

Collecting true HRmax values from players was also unfeasible due to their congested pre-

season training schedule. Consequently pred. HRmax was calculated using the equation for 

athletes by Tanaka et al., (2001) HRmax = 206 − (0.7 × age). However, it is acknowledged that 

predictive equations for HRmax derived from age are unlikely to reflect true HRmax through 

under and overestimating values; as a result, all pred. HRmax values were conservatively 

interpreted ± 10 b·min−1 (Nikolaidis, 2014). 
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5.2.3  Other Considerations 

Most notably, the study utilised an all-male sample commonplace in sport science research 

(Mujika and Taipale, 2019; Cowley et al., 2021). Whilst the study originally planned to include 

a sample of both male and female players, factors out of the control of the researcher such as 

the global Covid-19 pandemic severely limited the scope of the study. Subsequently, safety, 

modified laboratory and field testing and research procedures, considerably impacted research 

productivity reducing access to in-person research and large numbers of participants (Stenson 

et al., 2022). Also, whilst Germain and Hausenblas (2006) report no differences in the 

relationship between perceived and actual fitness between sexes, recent studies have refuted 

this, indicating men overestimate their perceptions of fitness compared with women (Obling et 

al., 2015; Petersen et al., 2021). Given these findings, it would be of interest to assess the 

relative differences in perceived and actual aerobic capacity between equivalent-level male and 

female athletes and athletes in comparison to a control group of non-athletic participants. 

Additionally, during data collection the tests were conducted in the same order on the same 

day. Whilst the order of the tests was planned based on the functional use of SMFTs as part of 

a warm-up, ensuring players would receive the least carry-over effect and leaving ample time 

for rest between tests, it is also unknown if the order of the tests may have influenced the 

findings of the study. 

 

Lastly, while strategies were employed to minimise or quantify the impact of contextual 

and environmental factors throughout data collection (e.g., response bias in subjective data, 

environmental conditions, etc.), the true influence of these factors is unknown. For example, 

the time taken to complete the RPF form was compared against the estimated silent reading 

time of the scale form as an estimative measure of time-on-task (e.g. comprehension of the 
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form instructions and active engagement with the scale) in an attempt to identify reporting bias 

(McLaren, Coutts and Impellizzeri, 2022; Coventry et al., 2023). It is clear from the average 

completion times reported of 01:20 that largely players appropriately engaged with the scale, 

exceeding the estimated silent reading time of 1:01. However, it is evident from the range of 

completion times (00:25 – 03:42) that conscious reporting bias via deliberate deception for 

personal gain (e.g., to reduce the time spent on the task) and/or cognitive factors may have 

contributed to a level of misconception or comprehension of the construct under investigation 

(McLaren, Coutts and Impellizzeri, 2022). While this is acknowledged as a limitation, the study 

is therefore naturally representative of ecologically valid conditions, allowing interpretation of 

these findings as they would occur in an applied team sport environment. Further to this, a key 

strength of the current study was that the study design was appropriately and effectively 

employed to investigate the study aims, allowing for a sizable representative sample within a 

notoriously changeable and challenging period of the season to conduct any form of athlete 

testing (Weakley et al., 2022). Which was made possible via considered planning and 

consultation with performance staff responsible for the players involved in the study, allowing 

for greater player availability, involvement and buy-in (Halperin et al., 2018).  
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CHAPTER 6.  CONCLUSIONS, DIRECTIONS FOR FUTURE RESEARCH AND 

PRACTICAL APPLICATIONS 

6.1  Conclusion 

In summary, this study found RPF to be the most strongly related to and strongest predictor of 

MAS measured using the 1.2SRT in high-performance rugby union players. This finding was 

also supported by differences in RPF, 1.2SRT total time and MAS consistent with positional 

group differences. Indicating subjective performance evaluations in team sports such as RPF 

may be a valuable tool for monitoring aerobic capacity through promising levels of content, 

face and construct domains of validity. SMFT HRex was also poorly related to or predictive of 

MAS measured using the 1.2SRT in high-performance rugby union players. Indicating that 

while some measures of aerobic fitness show good convergent validity with SMFT HRex, the 

1.2SRT commonly used within rugby union does not follow this trend. Lastly, RPF was 

revealed to be poorly associated with or predictive of SMFT HRex as a measure of submaximal 

cardiovascular/aerobic fitness. Given the strong association and predictive qualities between 

RPF and MAS, further modification of the scale may provide more accurate representations of 

submaximal aerobic fitness in the future. Lastly, MAS measured using the 1.2SRT is not better 

predicted or associated with a combined RPF and SMFT HRex model compared to RPF alone. 

 

6.2  Directions for Future Research 

Future research in the use of athlete RPF should focus on longitudinal and test-retest studies to 

better understand the reliability (e.g., internal consistency, measurement error etc.) and 

sensitivity (responsiveness domain) of athlete perceptions of fitness. Providing a greater 

understanding of the practical utility of athlete RPF in raising athlete awareness of physical 

performance capacity, identification of changes over time and closer estimation of objective 

measures such as MAS. Though, physiological measurements are always subject to random 



96 

within-athlete variation (Atkinson and Batterham, 2015; Hopkins, 2015). Therefore, the 

inability to distinguish true changes in physiological capacity from biological fluctuation 

makes broader generalisations challenging when examining the dose-response nature of team 

sport training (McLaren et al., 2018b). Therefore, the sensitivity of RPF should be considered 

alongside quantifying typical error to appropriately assess individual responses (negative or 

positive training effects) in relation to the detection of acute and chronic training adaptations 

within- and between-athletes. Also, given that the current study was conducted during pre-

season after a period of substantially reduced training load, where players may be at differing 

stages of fitness decay (e.g., undesirable reductions in physiological and anthropometric 

characteristics), factors such as baseline fitness and fatigue may further influence responses 

(Gabbett and Domrow, 2007; Mujika, 2010). The collection of RPF at different periods of the 

season (e.g., pre-, mid-, and end-of-season) should also be investigated to understand if 

confounding factors may influence athlete perceptions throughout a season. A further route 

may be through anchoring normative data to respective steps in the scale (structural validity) 

to increase athlete understanding of the concept under investigation. 

 

Additionally, given that the study observed a small negative relationship between RPF 

and HRex, it would be of interest to further assess the construct and face validity of submaximal 

aerobic fitness through a further item on the scale ‘submaximal aerobic capacity’. Therefore 

improving the instruction (written and verbal), habituation and education around using the 

scale to increase athlete understanding and buy-in (McLaren, Coutts and Impellizzeri, 2022). 

Given that the findings of this study indicated a strong relationship between RPF and MAS, 

this opens new opportunities in this area, such as the assessment of any differences in perceived 

vs objectively measured aerobic capacity between equivalent-level male and female athletes 

and athletes in comparison to a control group of the wider non-athletic population (Obling et 
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al., 2015; Petersen et al., 2021). Naturally, using the approach adopted in this study, it would 

be of interest to assess if athlete RPF in other sports (e.g., team vs individual sports) or other 

measures of athletic physical performance (e.g. speed, strength, power, COD etc.) commonly 

used in applied sport science share the same levels of association and predictive quality.  

 

Regarding the associations with and predication of MAS from SFMT HRex, a greater 

understanding of the construct validity of the 1.2SRT in accurately estimating MAS is needed 

before moving to revalidation of the predictive qualities of these measures (Appendix 11). If 

the 1.2SRT cannot accurately estimate MAS or requires further correction in the assessment of 

rugby union players, it is unlikely any relationships or predictive qualities of proxy measures 

such as RPF or SMFT HRex will improve. Additionally, given a wide variety of SMFT 

practices (e.g. scheduling strategies; protocol characteristics; outcome measures, collection and 

analysis methods; inference approaches; and practitioner perceptions of the influence of 

extraneous factors) are currently in use across team sports, possibly due to a lack of strong 

evidence (Shushan et al., 2022; Shushan et al., 2023b). Further increasing research into the use 

of SMFT may help guide evidence-informed decisions regarding the routine implementation 

of SMFT in team sports and their application with other measures (Shushan et al., 2023b). 

 

6.3  Practical Applications 

• RPF for aerobic capacity show promising levels of content, face and construct domains 

of validity, with moderate predictive quality for MAS measured using the 1.2SRT in 

high-performing rugby union players. Whilst the RPF scale used in this study, in 

isolation, could be a practically useful monitoring tool in team sports, further work is 

needed to fully assess the structural validity, reliability (e.g., internal consistency, 

measurement error etc.) and sensitivity (responsiveness domain) to changes in athlete 
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perceptions of fitness. The scale may also be useful in assisting players with 

understanding changes in their fitness on a more regular basis, in between performing 

more physiologically taxing testing protocols at specific points within the playing 

season. 

 

• SMFT HR measures (e.g., HRex and HRR) show good convergent validity with some 

measures of aerobic fitness. However, this study demonstrates that the currently 

recommended SMFT protocol (shuttle-based, continuous-fixed, 4 min running at 12 

km·h-1) is poorly associated with and not predictive of MAS in high-performing rugby 

union players when measured using the 1.2SRT. Therefore, in the measurement of 

within-player changes in MAS across the course of a training programme, judicious use 

of one specific test at particular points in a season may be more practically useful than 

the use of current SMFT protocols. 

 

• RPF in its form derived from this study is not well related or predictive of proxy 

measures of submaximal cardiovascular/aerobic fitness such as SMFT HRex. However, 

with further modification to the scale (complying with accepted psychometric 

principles and best practice recommendations for collecting subjective data with 

athletes), this may be achievable in the future. 
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APPENDIX 

Appendix 1. Participant Classification Framework for Defining Training and 

Performance Calibre of Athletes (from McKay et al., 2022). 
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Appendix 7. Athlete Rating of Perceived Fitness (RPF) Scale 
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Appendix 9. R, RStudio, Packages and Computational Environment Versions 

 
R version 4.2.2 (2022-10-31) -- "Innocent and Trusting" 
Copyright (C) 2022 The R Foundation for Statistical Computing 
Platform: aarch64-apple-darwin20 (64-bit) 
 
R is free software and comes with ABSOLUTELY NO WARRANTY. 
You are welcome to redistribute it under certain conditions. 
Type 'license()' or 'licence()' for distribution details. 
 
  Natural language support but running in an English locale 
 
R is a collaborative project with many contributors. 
Type 'contributors()' for more information and 
'citation()' on how to cite R or R packages in publications. 
 
Type 'demo()' for some demos, 'help()' for on-line help, or 
'help.start()' for an HTML browser interface to help. 
Type 'q()' to quit R. 
 
> # Packages ------------------------------------------------------------- 
> library(readxl) 
> library(tidyverse) 
── Attaching core tidyverse packages 
──────────────────────────────────────────────────────────────────────────
──────────────────────────────────────────────────────────────────────────
──── tidyverse 2.0.0 ── ✔
 dplyr     1.1.1     

✔
 readr     2.1.4 ✔

 forcats   1.0.0     
✔

 stringr   1.5.0 ✔
 ggplot2   3.4.2     

✔
 tibble    3.2.1 ✔

 lubridate 1.9.2     
✔

 tidyr     1.3.0 ✔
 purrr     1.0.1      

── Conflicts 
──────────────────────────────────────────────────────────────────────────
──────────────────────────────────────────────────────────────────────────
────────────────────── tidyverse_conflicts() ── ✖

 dplyr::filter() masks stats::filter() ✖

 dplyr::lag()    masks stats::lag() ℹ

 Use the conflicted package to force all conflicts to become errors 
> library(writexl) 
> library(mbir) 
> library(modelsummary) 
`modelsummary` has built-in support to draw text-only (markdown) tables. To 
generate tables in other formats, you must install one or more of these 
libraries: 
   
install.packages(c( 
    "kableExtra", 
    "gt", 
    "flextable", 
    "huxtable", 
    "DT" 
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)) 
 
  Alternatively, you can set markdown as the default table format to silence 
this alert: 
   
config_modelsummary(factory_default = "markdown") 
 
> library(olsrr) 
 
Attaching package: ‘olsrr’ 
 
The following object is masked from ‘package:datasets’: 
 
    rivers 
 
> library(grateful) 
> # R, packages used, RStudio and environment ---------------------------- 
> # R, packages & package versions 
> # RStudio 
> RStudio.Version() 
$citation 
 
To cite RStudio in publications use: 
 
  Posit team (2023). RStudio: Integrated Development Environment for R. 
Posit Software, PBC, Boston, MA. URL http://www.posit.co/. 
 
A BibTeX entry for LaTeX users is 
 
  @Manual{, 
    title = {RStudio: Integrated Development Environment for R}, 
    author = {{Posit team}}, 
    organization = {Posit Software, PBC}, 
    address = {Boston, MA}, 
    year = {2023}, 
    url = {http://www.posit.co/}, 
  } 
 
 
$mode 
[1] "desktop" 
 
$version 
[1] ‘2023.3.0.386’ 
 
$long_version 
[1] "2023.03.0+386" 
 
$release_name 
[1] "Cherry Blossom" 
 
>  
> # environment 
> sessionInfo() 
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R version 4.2.2 (2022-10-31) 
Platform: aarch64-apple-darwin20 (64-bit) 
Running under: macOS Ventura 13.3.1 
 
Matrix products: default 
LAPACK: /Library/Frameworks/R.framework/Versions/4.2-
arm64/Resources/lib/libRlapack.dylib 
 
locale: 
[1] en_US.UTF-8/en_US.UTF-8/en_US.UTF-8/C/en_US.UTF-8/en_US.UTF-8 
 
attached base packages: 
[1] stats     graphics  grDevices utils     datasets  methods   base      
 
other attached packages: 
 [1] grateful_0.1.11    olsrr_0.5.3        modelsummary_1.4.0 mbir_1.3.5         
writexl_1.4.2      lubridate_1.9.2    forcats_1.0.0      stringr_1.5.0      
dplyr_1.1.1        purrr_1.0.1        
[11] readr_2.1.4        tidyr_1.3.0        tibble_3.2.1       ggplot2_3.4.2      
tidyverse_2.0.0    readxl_1.4.2       
 
loaded via a namespace (and not attached): 
 [1] Rcpp_1.0.10       cellranger_1.1.0  pillar_1.9.0      compiler_4.2.2    
tools_4.2.2       goftest_1.2-3     digest_0.6.31     lifecycle_1.0.3   
gtable_0.3.3      timechange_0.2.0  pkgconfig_2.0.3   
[12] rlang_1.1.0       cli_3.6.1         rstudioapi_0.14   xfun_0.38         
fastmap_1.1.1     gridExtra_2.3     knitr_1.42        withr_2.5.0       
generics_0.1.3    vctrs_0.6.1       hms_1.1.3         
[23] nortest_1.0-4     grid_4.2.2        tidyselect_1.2.0  data.table_1.14.8 
glue_1.6.2        R6_2.5.1          fansi_1.0.4       carData_3.0-5     
car_3.1-2         tzdb_0.3.0        magrittr_2.0.3    
[34] htmltools_0.5.5   tables_0.9.17     scales_1.2.1      abind_1.4-5       
insight_0.19.1    colorspace_2.1-0  utf8_1.2.3        stringi_1.7.12    
munsell_0.5.0 ℹ
 Use the conflicted package to force all conflicts to become errors 

> library(writexl) 
> library(mbir) 
> library(patchwork) 
> library(modelsummary) 
> library(olsrr) 
 
Attaching package: ‘olsrr’ 
 
The following object is masked from ‘package:datasets’: 
 
    rivers 
 
> library(grateful) 
> 
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Appendix 10. Statistical Analysis R Script 

# load packages ---------------------------------------------------------- 
library(readxl) 
library(tidyverse) 
library(writexl) 
library(mbir) 
library(patchwork) 
library(modelsummary) 
library(olsrr) 
library(grateful) 
 
 
# set working directory and load data ------------------------------------ 
setwd("/Users/kieransmith/R Working Directory/MSc Statistical Analysis") 
data <- read_excel("studydata.xlsx") 
 
View(data) 
 
# data quick look 
summary(data) 
 
 
# correct order of positional groups and positions ----------------------- 
data$positionalgroup <- 
  factor(data$positionalgroup, levels = c("Forward", "Back")) 
data$position <- 
  factor( 
    data$position, 
    levels = c( 
      "Front Row", 
      "Second Row", 
      "Back Row", 
      "Half Back", 
      "Centre", 
      "Back Three" 
    ) 
  ) 
 
 
# check normality -------------------------------------------------------- 
# visual inspection 
# histograms 
par(mfrow = c(3, 3)) 
hist(data$age, main = "Histogram of age", prob = TRUE) 
lines(density(data$age), 
      col = "steelblue", 
      lwd = 2) 
hist(data$height, main = "Histogram of height", prob = TRUE) 
lines(density(data$height), 
      col = "steelblue", 
      lwd = 2) 
hist(data$bodymass, main = "Histogram of bodymass", prob = TRUE) 
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lines(density(data$bodymass), 
      col = "steelblue", 
      lwd = 2) 
hist(data$RPF, main = "Histogram of RPF", prob = TRUE) 
lines(density(data$RPF, na.rm = T), 
      col = "steelblue", 
      lwd = 2) 
hist(data$HRex, main = "Histogram of HRex", prob = TRUE) 
lines(density(data$HRex), 
      col = "steelblue", 
      lwd = 2) 
hist(data$HRR, main = "Histogram of HRR", prob = TRUE) 
lines(density(data$HRR), 
      col = "steelblue", 
      lwd = 2) 
hist(data$broncoHRavg, main = "Histogram of broncoHRavg", prob = TRUE) 
lines(density(data$broncoHRavg), 
      col = "steelblue", 
      lwd = 2) 
hist(data$broncoHRpeak, main = "Histogram of broncoHRpeak", prob = TRUE) 
lines(density(data$broncoHRpeak), 
      col = "steelblue", 
      lwd = 2) 
hist(data$totaltime, main = "Histogram of totaltime", prob = TRUE) 
lines(density(data$totaltime), 
      col = "steelblue", 
      lwd = 2) 
 
# ///export plots using plots panel/// 
 
# q-q plots 
par(mfrow = c(3, 3)) 
qqnorm(data$age, 
       pch = 1, 
       frame = FALSE, 
       main = "Q-Q plot of age") 
qqline(data$age, col = "steelblue", lwd = 2) 
qqnorm(data$height, 
       pch = 1, 
       frame = FALSE, 
       main = "Q-Q plot of height") 
qqline(data$height, col = "steelblue", lwd = 2) 
qqnorm(data$bodymass, 
       pch = 1, 
       frame = FALSE, 
       main = "Q-Q plot of bodymass") 
qqline(data$bodymass, col = "steelblue", lwd = 2) 
qqnorm(data$RPF, 
       pch = 1, 
       frame = FALSE, 
       main = "Q-Q plot of RPF") 
qqline(data$RPF, col = "steelblue", lwd = 2) 
qqnorm(data$HRex, 
       pch = 1, 
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       frame = FALSE, 
       main = "Q-Q plot of HRex") 
qqline(data$HRex, col = "steelblue", lwd = 2) 
qqnorm(data$HRR, 
       pch = 1, 
       frame = FALSE, 
       main = "Q-Q plot of HRR") 
qqline(data$HRR, col = "steelblue", lwd = 2) 
qqnorm(data$broncoHRavg, 
       pch = 1, 
       frame = FALSE, 
       main = "Q-Q plot of broncoHRavg") 
qqline(data$broncoHRavg, col = "steelblue", lwd = 2) 
qqnorm(data$broncoHRpeak, 
       pch = 1, 
       frame = FALSE, 
       main = "Q-Q plot of broncoHRpeak") 
qqline(data$broncoHRpeak, col = "steelblue", lwd = 2) 
qqnorm(data$totaltime, 
       pch = 1, 
       frame = FALSE, 
       main = "Q-Q plot of totaltime") 
qqline(data$totaltime, col = "steelblue", lwd = 2) 
 
# ///export plots using plots panel/// 
 
# shapiro-wilk normality tests 
swt1 <- shapiro.test(data$age) 
swt2 <- shapiro.test(data$height) 
swt3 <- shapiro.test(data$bodymass) 
swt4 <- shapiro.test(data$RPF) 
swt5 <- shapiro.test(data$HRex) 
swt6 <- shapiro.test(data$HRR) 
swt7 <- shapiro.test(data$broncoHRavg) 
swt8 <- shapiro.test(data$broncoHRpeak) 
swt9 <- shapiro.test(data$totaltime) 
swtests <- 
  as.data.frame(rbind(swt1, swt2, swt3, swt4, swt5, swt6, swt7, swt8, swt9
)) 
swtests <- swtests [, c(4, 2, 1, 3), ] 
swtests <- apply(swtests,2,as.character) 
 
View(swtests) 
 
# export as .csv 
write.csv(swtests, "shapiro wilk results.csv", row.names = TRUE) 
 
 
# participant characteristics -------------------------------------------- 
# all players 
allparchar <- 
  data %>%                                                   # select data 
  summarise(across( 
    .cols = c(age, height, bodymass),                     # select columns 



138 

    .fns = list(                               # select summary statistics 
      n = ~ n(), 
      mean = mean, 
      sd = sd, 
      min = min, 
      max = max 
    ) 
  )) %>%     
  mutate(positionalgroup = "All", .before = age_n)     # add rowname "All" 
 
# filtered by positional group 
posparchardata <- 
  data %>%                                                   # select data 
  group_by(positionalgroup) %>%                # group by positional group 
  summarise(across( 
    .cols = c(age, height, bodymass),                     # select columns 
    .fns = list(                               # select summary statistics 
      n = ~ n(), 
      mean = mean, 
      sd = sd, 
      min = min, 
      max = max 
    ) 
  ))     
 
# combine as 1 df 
parcharacteristics <- allparchar %>% 
  full_join(posparchardata) %>% 
  mutate_if(is.numeric, round, 2) %>% 
  mutate(across( 
    c( 
      'age_mean', 
      'age_sd', 
      'age_min', 
      'age_max' 
    ), 
    round, 
    1 
  )) 
 
View(parcharacteristics) 
 
# export as .xlsx 
write_xlsx(x = parcharacteristics, 
           path = "participant characteristics.xlsx", 
           col_names = TRUE) 
 
 
# descriptive statistics ------------------------------------------------- 
# 1st paragraph descriptive position data 
sumpos <- as.data.frame(summary(data$position)) 
 
# export as .csv 
write.csv(sumpos, "descriptive position data.csv", row.names = TRUE) 
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# all descriptive statistics 
# all players 
alldesstats <- 
  data %>%                                                   # select data 
  summarise(across( 
    .cols = c(                                            # select columns 
      completiontime, 
      RPF, 
      estHRmax, 
      HRex, 
      `HRex%HRmax`, 
      HRR, 
      `HRR%HRmax`, 
      totaltime, 
      bcorMAS, 
      broncoHRavg, 
      `HRavg%HRmax`, 
      broncoHRpeak 
    ), 
    .fns = list(                               # select summary statistics 
      mean = mean, 
      sd = sd, 
      min = min, 
      max = max 
    ), 
    na.rm = TRUE 
  )) %>%                                               # add rowname "All" 
  mutate(positionalgroup = "All", .before = completiontime_mean) 
 
# filtered by positional group 
posdesstats <- 
  data %>%                                                   # select data 
  group_by(positionalgroup) %>%                # group by positional group 
  summarise(across( 
    .cols = c(                                            # select columns 
      completiontime, 
      RPF, 
      estHRmax, 
      HRex, 
      `HRex%HRmax`, 
      HRR, 
      `HRR%HRmax`, 
      totaltime, 
      bcorMAS, 
      broncoHRavg, 
      `HRavg%HRmax`, 
      broncoHRpeak 
    ), 
    .fns = list(                               # select summary statistics 
      mean = mean, 
      sd = sd, 
      min = min, 
      max = max 
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    ), 
    na.rm = TRUE 
  )) 
 
# combine as 1 df 
desstats <- alldesstats %>% 
  full_join(posdesstats) %>% 
  mutate_if(is.numeric, round, 2) %>% 
  mutate(across( 
    c( 
      'RPF_mean', 
      'RPF_sd', 
      'RPF_min', 
      'RPF_max', 
      'estHRmax_mean', 
      'estHRmax_sd', 
      'estHRmax_min', 
      'estHRmax_max', 
      'HRex_mean', 
      'HRex_sd', 
      'HRex_min', 
      'HRex_max', 
      'HRR_mean', 
      'HRR_sd', 
      'HRR_min', 
      'HRR_max', 
      'broncoHRavg_mean', 
      'broncoHRavg_sd', 
      'broncoHRavg_min', 
      'broncoHRavg_max', 
      'broncoHRpeak_mean', 
      'broncoHRpeak_sd', 
      'broncoHRpeak_min', 
      'broncoHRpeak_max' 
    ), 
    round, 
    1 
  )) 
 
View(desstats) 
       
# export as .xlsx 
write_xlsx(x = desstats, 
           path = "descriptive statistics.xlsx", 
           col_names = TRUE) 
 
# t-tests 
ttest1 <- 
  t.test( 
    RPF ~ positionalgroup, 
    data = data, 
    var.equal = TRUE, 
    conf.level = 0.9 
  ) 



141 

ttest2 <- 
  t.test( 
    estHRmax ~ positionalgroup, 
    data = data, 
    var.equal = TRUE, 
    conf.level = 0.9 
  ) 
ttest3 <- 
  t.test( 
    HRex ~ positionalgroup, 
    data = data, 
    var.equal = TRUE, 
    conf.level = 0.9 
  ) 
ttest4 <- 
  t.test( 
    `HRex%HRmax` ~ positionalgroup, 
    data = data, 
    var.equal = TRUE, 
    conf.level = 0.9 
  ) 
ttest5 <- 
  t.test( 
    HRR ~ positionalgroup, 
    data = data, 
    var.equal = TRUE, 
    conf.level = 0.9 
  ) 
ttest6 <- 
  t.test( 
    `HRR%HRmax` ~ positionalgroup, 
    data = data, 
    var.equal = TRUE, 
    conf.level = 0.9 
  ) 
ttest7 <- 
  t.test( 
    totaltime ~ positionalgroup, 
    data = data, 
    var.equal = TRUE, 
    conf.level = 0.9 
  ) 
ttest8 <- 
  t.test( 
    bcorMAS ~ positionalgroup, 
    data = data, 
    var.equal = TRUE, 
    conf.level = 0.9 
  ) 
ttest9 <- 
  t.test( 
    broncoHRavg ~ positionalgroup, 
    data = data, 
    var.equal = TRUE, 
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    conf.level = 0.9 
  ) 
ttest10 <- 
  t.test( 
    `HRavg%HRmax` ~ positionalgroup, 
    data = data, 
    var.equal = TRUE, 
    conf.level = 0.9 
  ) 
ttest11 <- 
  t.test( 
    broncoHRpeak ~ positionalgroup, 
    data = data, 
    var.equal = TRUE, 
    conf.level = 0.9 
  ) 
 
ttests <- 
  as.data.frame( 
    rbind( 
      ttest1, 
      ttest2, 
      ttest3, 
      ttest4, 
      ttest5, 
      ttest6, 
      ttest7, 
      ttest8, 
      ttest9, 
      ttest10, 
      ttest11 
    ) 
  ) 
ttests <- apply(ttests, 2, as.character) 
 
# export as .csv 
write.csv(ttests, "descriptive stats ttests.csv", row.names = TRUE) 
 
# Magnitude-Based Inferences 
mbi1 <- 
  smd(es = -2.448917, p = 0.0007443, df = 34)                        # RPF 
mbi2 <- 
  smd(es = 0.2269, p = 0.3637, df = 45)                         # estHRmax 
mbi3 <- 
  smd(es = 3.4052, p = 0.1714, df = 45)                             # HRex 
mbi4 <- 
  smd(es = 1.67254, p = 0.2033, df = 45)                      # HRex%HRmax 
mbi5 <- 
  smd(es = -0.20696, p = 0.9418, df = 45)                            # HRR 
mbi6 <- 
  smd(es = -0.12951, p = 0.9308, df = 45)                      # HRR%HRmax 
mbi7 <- 
  smd(es = 34.4231, p = 3.256e-08, df = 45)                    # totaltime 
mbi8 <- 
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  smd(es = -0.505321, p = 2.01e-08, df = 45)                     # bcorMAS 
mbi9 <- 
  smd(es = 2.1483, p = 0.3539, df = 45)                      # broncoHRavg 
mbi10 <- 
  smd(es = 1.0105, p = 0.4135, df = 45)                      # HRavg%HRmax 
mbi11 <- 
  smd(es = -0.326, p = 0.8776, df = 45)                      # broncoHRpea
k 
 
mbis <- 
  as.data.frame(rbind(mbi1, mbi2, mbi3, mbi4, mbi5, mbi6, mbi7, mbi8, mbi9
, mbi10, mbi11)) 
mbis <- apply(mbis, 2, as.character) 
 
# export as .csv 
write.csv(mbis, "descriptive stats mbis.csv", row.names = TRUE) 
 
# appendix MAS table for discussion -------------------------------------- 
# all players 
allmasdata <- 
  data %>%                                                   # select data 
  summarise(across( 
    .cols = c(MAS, bcorMAS, corMAS),                      # select columns 
    .fns = list(                               # select summary statistics 
      mean = mean, 
      sd = sd, 
      min = min, 
      max = max 
    ) 
  )) %>%                                    
  mutate(positionalgroup = "All", .before = MAS_mean)  # add rowname "All" 
 
# filtered by positional group 
posmasdata <- 
  data %>%                                                   # select data 
  group_by(positionalgroup) %>%                # group by positional group 
  summarise(across( 
    .cols = c(MAS, bcorMAS, corMAS),                      # select columns 
    .fns = list(                               # select summary statistics 
      mean = mean, 
      sd = sd, 
      min = min, 
      max = max 
    ) 
  )) 
 
# combine as 1 table 
masdata <- allmasdata %>% 
  full_join(posmasdata) %>% 
  mutate_if(is.numeric, round, 2) 
 
View(masdata) 
 
# export as .xlsx 
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write_xlsx(x = masdata, 
           path = "appendix mas data.xlsx", 
           col_names = TRUE) 
 
 
# plots ------------------------------------------------------------------ 
# RPF and MAS 
# define x and y 
x1 <- data$RPF 
y1 <- data$bcorMAS 
 
# plot design 
plot1 <- 
  data %>% ggplot(aes(x = x1, y = y1, linetype = "Linear prediction with \
n90% confidence interval",)) + 
  geom_point (alpha = 0.7, size = 10, aes(colour = position)) + 
  geom_smooth( 
    method = "lm", 
    level = 0.90, 
    linewidth = 2.5, 
    colour = "dodgerblue4", 
    fill = "grey", 
    se = TRUE 
  ) + 
  theme_minimal() + 
  scale_color_hue(h = c(0, 240)) + 
  scale_x_continuous(breaks = c(1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13)
) + 
   
  # title, subtitle, caption, x and y axis labels, text & legend 
  theme( 
    plot.margin = margin(10, 20, 0, 10), 
    text = element_text(family = "Helvetica"), 
    plot.title = element_text(size = 30, face = "bold"), 
    plot.subtitle = element_text(size = 24,), 
    plot.caption = element_text(size = 20,), 
    axis.title.x = element_text(size = 20, face = "bold"), 
    axis.title.y = element_text(size = 20, face = "bold"), 
    axis.text = element_text(size = 20,), 
    legend.title = element_text(size = 20, face = "bold"), 
    legend.text = element_text(size = 20), 
    legend.position = "bottom", 
    legend.background = element_rect(fill = "gray95", colour = "gray95") 
  ) + 
  labs( 
    title = "RPF and MAS", 
    subtitle = "Linear model of relationship between RPF and MAS.", 
    caption = "", 
    x = "RPF (AU)", 
    y = "MAS (m•s⁻¹)", 
    linetype = "Trend Line", 
    colour = "Position" 
  ) 
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# print plot 
plot1 
 
# export plot 
ggsave("RPF and MAS.png", bg = 'white') 
 
# SMFT HRex and MAS 
# define x and y 
x2 <- data$HRex 
y2 <- data$bcorMAS 
 
# plot design 
plot2 <- 
  data %>% ggplot(aes(x = x2, y = y2, linetype = "Linear prediction with \
n90% confidence interval",)) + 
  geom_point (alpha = 0.7, size = 10, aes(colour = position)) + 
  geom_smooth( 
    method = "lm", 
    level = 0.90, 
    linewidth = 2.5, 
    colour = "dodgerblue4", 
    fill = "grey", 
    se = TRUE 
  ) + 
  theme_minimal() + 
  scale_color_hue(h = c(0, 240)) + 
   
  # title, subtitle, caption, x and y axis labels, text & legend 
  theme( 
    plot.margin = margin(10, 20, 0, 10), 
    text = element_text(family = "Helvetica"), 
    plot.title = element_text(size = 30, face = "bold"), 
    plot.subtitle = element_text(size = 24,), 
    plot.caption = element_text(size = 20,), 
    axis.title.x = element_text(size = 20, face = "bold"), 
    axis.title.y = element_text(size = 20, face = "bold"), 
    axis.text = element_text(size = 20,), 
    legend.title = element_text(size = 20, face = "bold"), 
    legend.text = element_text(size = 20), 
    legend.position = "bottom", 
    legend.background = element_rect(fill = "gray95", colour = "gray95") 
  ) + 
  labs( 
    title = "SMFT HRex and MAS", 
    subtitle = "Linear model of relationship between SMFT HRex and MAS.", 
    caption = "", 
    x = "HRex (b•min⁻¹)", 
    y = "MAS (m•s⁻¹)", 
    linetype = "Trend Line", 
    colour = "Position" 
  ) 
 
# print plot 
plot2 
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# export plot 
ggsave("SMFT HRex and MAS.png", bg = 'white') 
 
# RPF and SMFT HRex 
# define x and y 
x3 <- data$RPF 
y3 <- data$HRex 
 
# plot design 
plot3 <- 
  data %>% ggplot(aes(x = x3, y = y3, linetype = "Linear prediction with \
n90% confidence interval",)) + 
  geom_point (alpha = 0.7, size = 10, aes(colour = position)) + 
  geom_smooth( 
    method = "lm", 
    level = 0.90, 
    linewidth = 2.5, 
    colour = "dodgerblue4", 
    fill = "grey", 
    se = TRUE 
  ) + 
  theme_minimal() + 
  scale_color_hue(h = c(0, 240)) + 
  scale_x_continuous(breaks = c(1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13)
) + 
   
  # title, subtitle, caption, x and y axis labels, text & legend 
  theme( 
    plot.margin = margin(10, 20, 0, 10), 
    text = element_text(family = "Helvetica"), 
    plot.title = element_text(size = 30, face = "bold"), 
    plot.subtitle = element_text(size = 24,), 
    plot.caption = element_text(size = 20,), 
    axis.title.x = element_text(size = 20, face = "bold"), 
    axis.title.y = element_text(size = 20, face = "bold"), 
    axis.text = element_text(size = 20,), 
    legend.title = element_text(size = 20, face = "bold"), 
    legend.text = element_text(size = 20), 
    legend.position = "bottom", 
    legend.background = element_rect(fill = "gray95", colour = "gray95") 
  ) + 
  labs( 
    title = "RPF and SMFT HRex", 
    subtitle = "Linear model of relationship between RPF and SMFT HRex.", 
    caption = "", 
    x = "RPF (AU)", 
    y = "HRex (b•min⁻¹)", 
    linetype = "Trend Line", 
    colour = "Position" 
  ) 
 
# print plot 
plot3 
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# export plot 
ggsave("RPF and SMFT HRex.png", bg = 'white') 
 
# multi panel plot 
plot1 + plot2 + plot3 + plot_layout(guides = "collect") + plot_annotation(
tag_levels = "A") & 
  theme(plot.tag = element_text(size = 30, face = "bold"), 
        legend.position = 'bottom') 
 
# ///export plot using plots panel/// 
 
 
# pearson's product-moment correlation coefficients ---------------------- 
# HRex & MAS 
cor1 <- 
  cor.test( 
    data$HRex, 
    data$bcorMAS, 
    use = "pairwise.complete.obs", 
    method = "pearson", 
    conf.level = 0.9 
  ) 
 
# RPF & MAS 
cor2 <- 
  cor.test( 
    data$RPF, 
    data$bcorMAS, 
    use = "pairwise.complete.obs", 
    method = "pearson", 
    conf.level = 0.9 
  ) 
 
# RPF & HRex 
cor3 <- 
  cor.test( 
    data$RPF, 
    data$HRex, 
    use = "pairwise.complete.obs", 
    method = "pearson", 
    conf.level = 0.9 
  ) 
 
cortests <- as.data.frame(rbind(cor1, cor2, cor3)) 
cortests <- cortests [, c(8, 4, 9, 1, 2, 3, 5, 6, 7), ] 
cortests <- apply(cortests, 2, as.character) 
 
View(cortests) 
 
# export as .csv 
write.csv(cortests, "pearsons correlations.csv", row.names = TRUE) 
 
# Magnitude-Based Inferences 
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mbicor1 <- corr(r = -0.2520266, n = 47)                       # HRex & MAS 
mbicor2 <- corr(r = 0.5759148, n = 36)                         # RPF & MAS 
mbicor3 <- corr(r = -0.1913176, n = 36)                       # RPF & HRex 
 
cormbis <- 
  as.data.frame(rbind(mbicor1, mbicor2, mbicor3)) 
cormbis <- apply(cormbis, 2, as.character) 
 
# export as .csv 
write.csv(cormbis, "pearsons correlations mbis.csv", row.names = TRUE) 
 
# linear regression models ----------------------------------------------- 
# create lm models 
lmmodels <- list( 
  "HRex and MAS" = lm(data$bcorMAS ~ data$HRex), 
  "RPF and MAS" = lm(data$bcorMAS ~ data$RPF), 
  "RPF and HRex" = lm(data$HRex ~ data$RPF) 
) 
 
# summarise models 
modelsummary(lmmodels, statistic = c("SE = {std.error}")) 
 
# export as .csv 
modelsummary(lmmodels, output = "linear regression models.csv") 
capture.output(summary(lm(data$bcorMAS ~ data$HRex)), file = "HRex and MAS 
SEE.csv") 
capture.output(summary(lm(data$bcorMAS ~ data$RPF)), file = "RPF and MAS S
EE.csv") 
capture.output(summary(lm(data$HRex ~ data$RPF)), file = "RPF and HRex SEE
.csv") 
 
 
# multiple linear regression model --------------------------------------- 
# create multiple lm model 
mlrmodel <- lm(data$bcorMAS ~ data$RPF + data$HRex) 
 
# summarise model 
modelsummary(mlrmodel, statistic = c("SE = {std.error}")) 
 
# export as .csv 
modelsummary(mlrmodel, output = "multiple linear regression model.csv") 
capture.output(summary(mlrmodel), file = "mlr SEE.csv") 
 
# diagnostics - tolerance and variance inflation factor (VIF)  
ols_coll_diag(mlrmodel) 
 
# export as .csv 
diagmlr <- ols_coll_diag(mlrmodel) 
capture.output(diagmlr, file = "multiple linear regression model diagnosti
cs.csv") 
 
 
# cite R, packages used, RStudio and environment ------------------------- 
# R, packages & package versions 
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cite_packages(cite.tidyverse = TRUE, out.format = "docx") # creates .docx 
with table of packages, versions and in-text citations; formatted paragrap
h and full refs 
 
# RStudio 
RStudio.Version() 
 
# environment 
sessionInfo() 
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Appendix 11. Correction of MAS 

Buchheit (2008) proposed correcting MAS by 0.7 s for every 180º COD in shuttle-based tests 

in a sample of young Basketball and Handball players. Given that rugby players possess a 

larger anthropometrical profile and body mass is considered to negatively affect COD ability 

in rugby union players, unpublished data has suggested correcting MAS by 1 s for each of the 

29 turns in a 1.2SRT to attain a closer calculation of MAS (Owen et al., 2020a; Baker and 

Heaney, 2015). Consequently, in the present study, time to turn was measured using video 

recordings of the test and confirmed as 1 s. 1 s Corrected MAS was then determined by 

subtracting 29 s from the total time taken to complete the 1.2SRT before dividing by 1200m. 

Table 6 summarises MAS data from the study with current corrective equations applied. 

 

Table 6. Descriptive statistics for MAS calculated using the traditional equation and corrective 

equations: 0.7 s correction (Buchheit, 2008) and 1 s correction (Baker and Heaney, 2015) 

(mean ± SD) (min–max). 

Positional Group: MAS (m•s⁻¹): 
0.7 s Corrected 

MAS (m•s⁻¹): 

1 s Corrected MAS 

(m•s⁻¹): 

All 

(n = 47) 

3.97 ± 0.31 

(3.38 – 4.51) 

4.26 ± 0.36 

(3.59 – 4.88) 

4.40 ± 0.38 

(3.68 – 5.06) 

Forward 

(n = 26) 

3.77 ± 0.27 

(3.38 – 4.43) 

4.03 ± 0.31 

(3.59 – 4.79) 

4.16 ± 0.33 

(3.68 – 4.96) 

Back 

(n = 21) 

4.21 ± 0.14 

(4.01 – 4.51) 

4.54 ± 0.16 

(4.31 – 4.88) 

4.69 ± 0.17 

(4.44 – 5.06) 

 

Given the range of scores achieved within and between positional groups when using 

different correction factors (Table 6), the agreement between the 1.2SRT and a gold-standard 

assessment such as a laboratory-graded exercise test should be conducted to assess the 

influence of accounting for COD and potential development of a corrected equation. 


