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Abstract 

BACKGROUNDː The purpose of this study was to compare the match demands of 

officiating 15-a-side rugby union at different competitive levels. 

METHODSː Data was collected using Global Navigation Satellite Systems from 21 

referees during 82 competitive rugby union matches across three different competitive 

levels: (1) professional, (2) semi-professional, and (3) amateur.     

RESULTSː Compared with referees at the professional and semi-professional levels, 

referees at the amateur level covered less total distance (p = 0.005). Additionally, these 

referees covered less distance jogging, and at low and medium intensity (all p < 0.05), and 

had less time between repeated high-intensity efforts (p < 0.001). Furthermore, compared 

with referees at the semi-professional and amateur levels, referees at the professional level 

had a higher sprint duration and covered more distance sprinting (all p < 0.05), and 

achieved a higher maximal speed during the longest repeated high-intensity effort or 

“worst-case scenario” (p = 0.026). The professional level referees also displayed a lower 

average heart rate (p < 0.001), spent a higher percentage of time at <60% HRmax (p < 

0.001), and a lower percentage of time between 71 and 80% HRmax (p = 0.004). Finally, 

external and internal load were strongly correlated for referees at the semi-professional 

level only (r = 0.75, p < 0.001). 

CONCLUSIONSː Overall, the findings demonstrate that refereeing 15-a-side rugby union 

is more physically demanding at higher competitive levels, particularly in terms of high-

intensity efforts. The results provide important information for practitioners involved in 

the physical preparation and training of rugby union referees.  

 

Key words: Football – Exercise training – Heart rate – Physical fitness – Physical 

exertion.   
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Introduction 

Fifteen-a-side rugby union (hereafter referred to as rugby) is an intermittent sport 

involving periods of high-intensity (e.g., sprinting) and static (e.g., scrums) exercise, 

interspersed with low-intensity activity (e.g., walking) [1-3]. Rugby is played across 

different ages, genders, and competitive levels (e.g., amateur to professional) [4], and over 

the years, there have been changes to the laws and preparation of players that have 

contributed to a faster pace of play, increased ball-in-play time, and more physical contact 

[3, 5]. These changes have also increased the requirements of rugby referees [3], with the 

ability to meet the physical and physiological demands of a match being vital for optimal 

positioning and decision-making [6]. This study will explore if the demands placed upon 

rugby referees differ across competitive levels (e.g., amateur, semi-professional, and 

professional). 

 The physical demands placed on rugby referees during match play has been 

described previously, with the total distance covered ranging from 6000 to 8500 m [3, 6-9], 

and relative distance ranging from 74 to 83 m.min-1, with most distance covered walking 

or jogging (< 12 km.h-1) [3, 6]. Although two studies found no difference in the distance 

covered by rugby referees over consecutive 10-minute periods [7, 8], one study found a 20% 

reduction in the last 30-minutes compared with the first 10 minutes [6]. However, it was 

unclear if this reduction was due to fatigue or changes in the pattern of play, with both 

likely to impact referee movement [6].   

 To date, only two studies have described the percentage of time spent by rugby 

referees performing highly energetic activities and “sprinting” [8, 10], with another two 

studies reporting the number (~20 per match) of sprints (> 20.1 km.h-1) [6, 7]. However, 

more detailed information relating to the distance covered by rugby referees in high speed 

running and, particularly, the most demanding periods of running, is lacking. One study 

used the maximum ball-in-play time as the most physically demanding period a referee 

could face, termed the “worst case scenario” (WCS) [11]. In this study, less than 2% of time 

in the WCS was spent in high-speed running, and so it seems inappropriate to define the 

most extended passage of play as the most demanding part of the match. Thus, a definition 

of WCS which uses the single longest bout of repeated high-intensity efforts performed by 

the referee, is likely to provide a more valid estimate of the WCS, and has been used in a 

recent study with rugby sevens referees [12]. This more advanced insight into the high-



intensity efforts performed by rugby referees will aid the development of more specific 

training programmes and fitness tests.  

Rugby match demands can be expressed in terms of external (physical demands; 

e.g., total distance covered) and internal (physiological demands; e.g. heart rate) loads, and 

greater knowledge of the relationship between external and internal loads enables a better 

understanding of the dose-response nature of training and competition [13]. Heart rate (HR) 

responses of rugby referees have been studied, and results have shown that most of the 

time is spent in higher HR zones (e.g., >80% HRmax) [3, 6, 14]. Despite one study of rugby 

sevens referees analysing HR responses as a measure of internal load [15], to date, no 

studies have analysed the internal load measures for rugby referees during 15-a-side 

matches, or examined the external-internal load relationship. However, previous research 

with soccer referees has found a moderate correlation between external (i.e., total 

distance) and internal (i.e., HR responses) load [13].  Information regarding external and 

internal load will provide novel insights into the specific match demands placed on rugby 

referees during competitive matches, enabling practitioners to improve conditioning 

programmes and fitness testing protocols.  

 Although one study has examined how match demands differ between referees of 

varying experience, revealing that inexperienced referees jogged and sprinted more than 

experienced referees [10], most available research has only described the match demands of 

refereeing rugby at an elite level [3, 7]. Indeed, to date, no study has investigated whether 

match demands differ as a function of expertise, across rugby referees officiating at 

different competitive levels (e.g., elite vs. amateur). Thus, in order to provide important 

information for applied practitioners working with rugby referees, the primary aim of this 

study was to compare the match (physical and physiological) demands of officiating 15-a-

side rugby at amateur, semi-professional, and professional levels, focusing particularly on 

high-intensity efforts (i.e., sprints), and WCS. A secondary aim was to investigate the 

relationship between external (e.g., total distance) and internal load (e.g., HR) at each 

competitive level (i.e., amateur, semi-professional, and professional). It was predicted that 

officiating professional and semi-professional rugby would involve more time in high-

intensity activities (e.g., sprinting) and a longer WCS than refereeing amateur rugby.  

 

Materials and methods 

Participants and study design 



This study received institutional ethical approval and used an observational design. 

Referees who were officiating at levels 1 to 7 in the Rugby Football Union competitions 

[16] were invited to participate in the study via an advert sent out by Referee Managers of 

the National Societies. There are no fitness criteria which must be met to start refereeing; 

those referees who had less than two years of refereeing experience, and those who had 

sustained an injury in the previous six months, were not included in the study. The 

referees who accepted the invitation to take part in the study, were contacted by the lead 

researcher and asked to provide their contact details, if they were taking any medication, 

as well as their age, refereeing experience, body mass, and height. Body mass index (BMI; 

body mass divided by square height) was calculated for all referees. Data was collected 

from 21 referees (20 male, 1 female, age: 27 ± 6 years [range: 18-39 years], body mass: 

83.3 ± 10.2 kg, height: 179 ± 5 cm), with at least two years’ experience (6 ± 3 years). 

Seven referees were professional, three were semi-professional, and 11 were amateur. 

Data was recorded for between one and 11 matches per referee, with a total of 82 matches 

between September and May during the 2018/19 season, across seven competitive levels 

in England (Level 1 [English Premiership] to Level 7 [Community Rugby] - according to 

the Rugby Football Union system [16]. These levels were further categorised into three 

competitive levels: (1) Professional (Levels 1 and 2, 30 matches, 7 referees), (2) Semi-

professional (Levels 3, 4 and 5, 22 matches, 6 referees), and  (3) Amateur (Levels 6 and 7, 

30 matches, 9 referees). One referee officiated at levels 2 and 3, thus providing data for 

two competitive levels (professional and semi-professional). The number of referees at 

each competitive level was determined by those who volunteered to take part in the study 

and the number of matches per referee was determined by the logistics of getting the 

GNSS units to the referees (e.g., number of units available, and geographical location of 

the referee). The GNSS units were used in a rotation system according to the referees’ 

appointments at the semi-professional and amateur competitive levels, resulting in a 

different number of recordings per referee. The total match time recorded included ball-in-

play time and stoppages (excluding the half-time interval), which led to an average total 

match time exceeding 80 minutes (90 minutes 32 seconds ± 4 minutes 51 seconds).  

Referees were advised to maintain their normal daily routine (i.e., nutrition and 

sleep) prior to the matches, and no referees were taking any medication that could have 

influenced their heart rate. On match day, they were advised to keep their normal 

preparation, including their normal ingestion of fluids before and during the matches, and 



their own warm-up routine before the matches (e.g., stretching, jogging, and 

accelerations). During matches, the full rest period was used during half-time, consisting 

of an interval between halves not exceeding 15 minutes, and this was consistent across all 

competitive levels. Although no specific information was collected, the travel time to the 

matches would typically range from one to four hours either by public or private transport. 

The referees who officiated at levels 1 and 2 (i.e., professional competitive level) within 

this study were made up of a combination of full-time salaried officials and contracted 

part-time officials who received a retainer and match fee. Referees officiating at levels 3 

and 4 (i.e., semi-professional competitive level) received a match fee, but they were not 

contracted officials. Referees officiated at levels 5 (i.e., semi-professional competitive 

level), 6, and 7 (i.e., amateur competitive level) were not contracted officials, and did not 

receive a match fee, but did receive travel expenses. Informed consent was obtained from 

each referee. 

 

Physical demands 

Beneath their normal kit, referees wore an elasticated vest with an augmented 

concurrent multi-GNSS receiver unit (Apex, 10 Hz, STATSports, Belfast, UK), located 

between their shoulder blades. The validity and reliability of this unit has been reported 

previously [17]. The unit was switched on 15 minutes before, and turned off immediately 

after, each match. The physical demands accessed in this study were: total distance (m), 

relative distance (m.min-1), and the percentage of time spent walking (< 5.40 km.h-1), 

jogging (5.41 – 10.80 km.h-1), and in low (10.81 – 14.40 km.h-1), medium (14.41 – 18.40 

km.h-1), and high (18.41 – 25.20 km.h-1) intensity, and maximal speed (> 25.20 km.h-1), 

running [12]. Furthermore, data collected also included the average number of high-

intensity (> 2.79 m.s-2) accelerations and decelerations (n), average number of sprints (n), 

average maximal speed of a sprint (km.h-1), average maximal distance of a sprint (m), 

average sprint distance (m), average duration of a sprint (s), total sprint distance (m), and 

percentage of total match distance spent sprinting (%). Accelerations and decelerations 

were calculated from a single derivation of the speed during a period of 0.5 seconds [18], 

and the definition of high-intensity efforts (> 2.79 m.s-2) has been used previously [12]. 

Finally, a sprint was defined as when the referee reached 20 km.h-1 and sustained this 

speed for at least one second [12]. 



To further investigate high intensity activity, the frequency (n), average duration 

(s), average time between repeated high-intensity efforts (RHIE) (s), distance covered 

during RHIE bouts (m), and maximal speed of RHIE bouts (km.h-1), were analysed. An 

RHIE bout was defined as a minimum of three sprints or high acceleration efforts (> 2.79 

m.s-2) with less than 21 seconds of recovery between efforts [12, 19, 20]. Bout duration was 

defined as the time from the first to the final high-intensity activity. The single longest 

RHIE from each match was identified as the WCS [12, 21], for which, the total duration (s), 

total distance (m), maximal speed (km.h-1), total distance relative to the bout duration 

(m.min-1), number of sprints (n), and number of accelerations (n) were analysed.  

Physiological demands 

HR data was collected from 57 matches from the professional (22 matches, five 

referees,  age: 33 ± 4 years, body mass: 78.4 ± 4.1 kg, height: 178 ± 4 cm), semi-

professional (18 matches, five referees, age: 26 ± 7 years, body mass: 82.7 ± 8.3 kg, 

height: 177 ± 4 cm), and amateur (17 matches, seven referees, age: 24 ± 3 years, body 

mass: 81.8 ± 5.2 kg, height: 183 ± 4 cm) levels. HR data was collected for between one 

and eight matches from each referee through a HR sensor (Polar T31, Polar Electro, 

Kempele, Finland) worn around each referee’s chest, which transmitted real-time data via 

Bluetooth to the GNSS unit. Maximal HR (HRmax) was determined as the highest of 

either: (1) HRmax estimated thorough the formula: 208 – (0.7 x age) [22], or (2) HRmax 

values obtained during the match [6]. HR data was classified based on the percentage of 

total playing time spent in six HR zones [6]: zone 1 (< 60% HRmax), zone 2 (61 – 70% 

HRmax), zone 3 (71 – 80% HRmax), zone 4 (81 – 90% HRmax), zone 5 (91 – 95% HRmax), 

and zone 6 (>96% HRmax). Consistent with published guidance [23], internal load was 

calculated by multiplying the time spent (in minutes) in five pre-defined HR zones by a 

coefficient assigned to each zone (i.e., 50 - 60% HRmax = 1, 60 - 70% HRmax = 2, 70 -80% 

HRmax = 3, 80 - 90% HRmax = 4, and 90 - 100 HRmax = 5). 

Statistical analysis  

After collection, data from each GNSS unit was downloaded to analysis software 

(STATSports Apex software, v. 3.0.02011). Data was then exported to statistical analysis 

software (IBM SPSS v. 26.0; IBM Corp., Armonk, NY, USA). Data distributions were 

tested using Kolmogorov-Smirnov tests. Next, means, standard deviations, and 95% 

confidence intervals were calculated. To examine any differences between the different 

competitive levels (i.e., professional, semi-professional, and amateur), a series of one-way 



analysis of variances (ANOVAs) were conducted, with homogeneity of variances tested 

using the Levene’s test and post-hoc analyses conducted using Tukey’s HSD when 

homogeneous and T2 Tamhane when non-homogeneous. Effect sizes were calculated as 

partial eta squared (ηp
2), and values of  ≥ 0 .01, ≥ 0.06, and ≥ 0.14 were interpreted as 

small, medium, and large, respectively [24]. Pearson’s correlations were used to examine 

the relationship between external (e.g., total distance) and internal (e.g., HR) load, 

conducted separately for each competitive level. Correlation coefficients (r) of  0.1-0.3, 

0.3-0.5, and > 0.5 were interpreted as small, moderate, and large, respectively [25].  For all 

analyses, α was set at 0.05. 

 

Results 

Referees characteristics 

There were significant differences between the competitive levels for age F(2,21) 

= 3.76, p = 0.042,  ηp
2 = 0.28, and refereeing experience F(2,21) = 6.09, p = 0.009, ηp

2= 

0.39. Specifically, referees officiating at the professional level were older than referees 

officiating at the semi-professional level (p = 0.035), and more experienced than referees 

officiating at the amateur level (p = 0.007). However, there were no significant differences 

between the competitive levels in terms of height (p = 0.660), weight (p = 0.297), or body 

mass index (p = 0.139) (Table 1). The final analysis reported below were repeated with 

age and experience added as covariates, but the pattern of results was unchanged.  

 

 

**** Table I here **** 

 

 

Total distance and relative distance 

There were significant differences between the competitive levels for total, F(2, 

81) = 15.91, p < 0.001, ηp
2 = 0.28, and relative, F(2, 81) = 5.77, p = 0.005, ηp

2 = 0.12, 

distance. Amateur level referees covered less total distance than the professional (p < 

0.001) and semi-professional (p = 0.006) level referees, and less relative distance than the 

professional level referees (p = 0.003) (Table 2).  

 

 



**** Table II here **** 

 

 

Speed zones 

There were significant differences between the competitive levels for the distance 

covered walking, F(2, 76) = 6.33, p = 0.003, ηp
2 = 0.14, jogging, F(2, 75) = 23.56, p < 

0.001, ηp
2 = 0.38, and at low intensity, F(2, 76) = 6.80, p = 0.002, ηp

2 = 0.15, medium 

intensity, F(2, 77) = 5.43, p = 0.006, ηp
2 = 0.12, and maximum speed, F(2, 76) = 6.79, p = 

0.002, ηp
2 = 0.15. Compared with the professional level referees, amateur level referees 

covered less distance walking (p < 0.001), jogging (p < 0.001), and at low (p = 0.004) and 

medium (p = 0.014) intensity, and maximum speed (p = 0.001). Moreover, amateur level 

referees covered less distance jogging (p < 0.001), and at low (p = 0.023) and medium (p 

= 0.006) intensity compared with the semi-professional level referees. Finally, semi-

professional level referees covered less distance walking (p = 0.015) than professional 

level referees (Figure 1). 

 

 

**** Figure 1 here **** 

 

 

Accelerations and decelerations  

There were significant differences between the competitive levels for high-

intensity accelerations, F(2, 77) = 3.23, p = 0.045, ηp
2 = 0.08, with amateur level referees 

making fewer accelerations than professional level referees (p = 0.040). However, there 

were no significant differences for decelerations, F(2,78) = 1.39, p = 0.256, ηp
2 = 0.03 

(Table 1). 

Sprints 

There were significant differences between the competitive levels for the maximal 

speed reached during a sprint, F(2, 80) = 4.49, p = 0.014, ηp
2 = 0.10, maximum sprint 

distance, F(2, 81) = 3.88, p = 0.024, ηp
2 = 0.09, average sprint distance, F(2, 79) = 6.35, p 

= 0.003, ηp
2 = 0.14, and average sprint duration, F(2, 79) = 5.82, p = 0.004, ηp

2 = 0.13. 

Compared with professional level referees, amateur level referees recorded a lower 

maximal speed (p = 0.011) and maximum sprint distance (p = 0.022). Moreover, 



professional level referees covered a higher average sprint distance than semi-professional 

(p = 0.013) and amateur (p = 0.006) level referees. A longer average sprint duration was 

also observed for professional level referees compared with semi-professional (p = 0.018) 

and amateur (p = 0.010) level referees (Table 1). 

Repeated high-intensity efforts (RHIEs) 

 There were significant differences between the competitive levels in the time 

between RHIEs, F(2, 427) = 9.31, p < 0.001, ηp
2 = 0.04, with amateur level referees 

spending less time between RHIEs than professional (p = 0.016) and semi-professional (p 

< 0.001) level referees (Table 1). There were no significant differences between the 

competitive levels for the number of RHIEs per match, F(2,78) = 2.46, p = 0.092, ηp
2 = 

0.61, average duration of RHIEs, F(2, 556) = 1.23, p = 0.293, ηp
2 = 0.00, distance covered 

at RHIEs, F(2, 556) = 0.709, p = 0.492, ηp
2 = 0.00, or maximal speed reached during 

RHIEs, F(2, 546) = 1.12, p = 0.327, ηp
2 = 0.00 (Table 1). 

Worst case scenario (WCS) 

 There were significant differences between the competitive levels in the duration, 

F(2, 70) = 3.68, p = 0.030, ηp
2 = 0.10, distance covered, F(2, 71) = 3.54, p = 0.034, ηp

2 = 

0.09, and maximal speed reached, F(2, 71) = 5.98, p = 0.004, ηp
2 = 0.14, during the WCS. 

Compared with professional level referees, amateur level referees had a lower WCS 

duration (p = 0.026) and covered less distance in the WCS (p = 0.028). Professional level 

referees also had a higher maximal speed during the WCS than semi-professional (p = 

0.020) and amateur (p = 0.015) level referees (Table 2). 

Heart rate (HR) and internal load 

 There were significant differences in average HR (beats.min-1) between the 

competitive levels, F(2, 53) = 11.08, p < 0.001, ηp
2 = 0.30. Professional level referees 

showed a lower average HR compared with semi-professional (p < 0.001) and amateur (p 

= 0.013) level referees (Table 3). There were no significant differences between the 

competitive levels for maximum HR per match, F(2, 54) = 0.981, p = 0.382, ηp
2 = 0.04, 

average percentage HRmax, F(2, 52) = 2.50, p = 0.092, ηp
2 = 0.09, or internal load, F(2, 

49) = 1.44, p = 0.248, ηp
2 = 0.06. However, there were significant differences in HR 

between the competitive levels in zone 1 (< 60% HRmax), F(2, 42) = 7.75, p < 0.001, ηp
2 

= 0.27, zone 3 (71-80% HRmax), F(2, 51) = 6.08, p = 0.004, ηp
2 = 0.19, and zone 5 (91-

95% HRmax), F(2, 50) = 12.19, p < 0.001, ηp
2 = 0.33. Professional level referees spent 

more time in zone 1 compared with semi-professional (p = 0.010) and amateur (p = 0.010) 



level referees. Moreover, professional level referees spent less time in zone 3 compared 

with semi-professional (p = 0.013) and amateur (p = 0.022) level referees. Finally, semi-

professional level referees spent more time in zone 5 than professional (p < 0.001) and 

amateur (p = 0.013) level referees (Figure 2). 

 

 

**** Table III here **** 

**** Figure 2 here **** 

 

 

External and internal load relationships 

 A large significant correlation was found between external and internal load for 

semi-professional level referees (r = 0.75, p < 0.001). However, no significant correlations 

were found for the professional and amateur level referees (all p > 0.05). 

 

Discussion 

This study was the first to compare the match (physical and physiological) 

demands of 15-a-side rugby refereeing at different competitive levels, from amateur to 

professional. Overall, the results revealed that compared with officiating at the amateur 

level, referees officiating at the professional level covered more total and relative distance, 

and referees officiating at the semi-professional level covered more total distance. In 

addition, relative to officiating at other competitive levels, referees officiating at the 

professional level covered a higher average sprint distance, and had a longer average 

sprint duration. Additionally, compared with refereeing at the amateur level, referees 

officiating at the professional level completed more high-intensity accelerations, achieved 

higher maximum speeds, and covered more average and maximum distance during each 

sprint. Finally, the WCS for referees officiating at the professional level was longer in 

duration, involved covering more distance, and achieving a higher maximal speed, than 

refereeing at the amateur level.  

 Previous research with Super Rugby [3], International [7], and Spanish and 

Portuguese [6] referees, reported a mean total distance covered per match of 8030 m, 6825 

m, and 6322 m, respectively. Although our findings from referees officiating at amateur 

(6059 m), semi-professional (6611 m), and professional (6994 m) competitive levels are 



similar to the distances reported in Internationals referees, and Spanish and Portuguese 

referees [6, 7], a higher mean distance was reported in Super Rugby [3], which could be 

attributed to the different nature of the game played in Super Rugby competition 

compared to the matches assessed in this study during competitions in England. However, 

Blair et al.[3] found that Super Rugby referees spent a low percentage of each match (< 

0.1%) in speeds above 25 km.h-1, which is lower than the percentage of time referees spent 

at those speeds in this study, at professional (~ 0.7%), semi-professional (~ 0.5%), and 

amateur (~ 0.3%) levels. This could also be explained by the different playing style in the 

southern (e.g., greater intensity of ball contest and more collisions), compared to the 

northern (e.g., more expansive running game), hemisphere [26]. It appears that as the 

competitive level of the match increased, the pace of the match also increased. Therefore, 

this may explain why the referees officiating at amateur level covered less total distance 

than the referees at the semi-professional and professional level. Additionally, referees 

officiating at the professional competitive level accessed in this study received medical, 

sports science, and strength and conditioning support, and they were training within an 

elite professional group of officials on a regular basis. As such, they would have been 

exposed to training, including high-intensity intermittent intervals, speed, speed 

endurance, and multi-directional sessions. This greater exposure to strength and 

conditioning and medical support, as well as more regular training sessions, could 

therefore have potentially differentiated the physical capacities between officials at the 

different competitive levels [10, 12].  

The present study also examined the physical demands at different speed zones to 

see if any differences existed across the competitive levels. While referees at the 

professional level covered more distance walking and jogging compared with referees at 

the semi-professional and amateur levels, most of the match (~56%), regardless of 

competitive level, was spent at speeds below 10.8 km.h-1, interspersed with periods of 

high-speed running (i.e., sprinting). Despite a lack of statistically significant differences in 

the number of sprints, the average sprint duration and distance covered per sprint was 

significantly higher for referees at the professional level, compared with the other 

competitive levels. Additionally, referees at the professional level performed significantly 

more high-intensity accelerations than referees at the amateur level. Consistent with 

previous research with rugby players [26], the findings suggest that officiating 15-a-side 



rugby at higher competitive levels (e.g., professional or elite) in rugby is more physically 

demanding than officiating at lower levels (e.g., semi-professional and amateur).  

In relation to HR responses, regardless of competitive level, the referees spent 

most of the match in the 81 to 90% HRmax zone, which is consistent with previous 

research [3]. The findings revealed that referees officiating at the semi-professional level 

spent more time in the 91 to 95% HRmax zone than referees at the professional and amateur 

level. Furthermore, referees at the professional level spent less time in the 71 to 80% 

HRmax zone, and more time below 60% HRmax compared to referees at the semi-

professional and amateur level. The mean HRmax in this study for referees at the semi-

professional and amateur level (~82%) were similar to previous research with sub elite 

referees (~85%), which was likely due to the sub-elite level and inferior physical condition 

of the referees assessed in previous research [27]. Additionally, the lower mean HR for 

referees at the professional level (~78%) in this study, could be explained by the 

professional status and higher physical condition of the referees evaluated, allowing them 

to better cope with the match demands.   

This study was the first to quantify the internal load of referees during match play 

and demonstrated no differences between the competitive levels, possibly due to the 

relatively small sample size and limited number of matches analysed. However, the large 

correlation between external and internal match load for referees at the semi-professional 

level, suggests that the internal responses to match-play are strongly associated with the 

amount of running completed [28]. However, it is likely that these associations could be 

moderated by factors such as referee fitness levels, and acute physiological stress incurred 

as a result of physical (e.g., recent training, nutrition), and social (e.g., travel, sleep) 

factors [13]. This might explain why no correlation was found between external (i.e., total 

distance) and internal (i.e., Edwards training load) load for referees officiating at the 

professional and amateur levels. Nevertheless, knowing the relationship between external 

and internal match load may help practitioners working with rugby referees decide 

whether both match loads methods are necessary, or if only using one method is enough to 

organise appropriate training sessions.  

This study addresses a significant gap and adds to the literature regarding the 

match demands of refereeing 15-a-side rugby at different competitive levels (i.e., 

professional to amateur). However, there are some limitations that should be noted. First, 

as alluded to above, the outcomes of this study are specific to referees within England 



Rugby competitions, thus potentially limiting the generalizability of the findings. Future 

research is therefore encouraged to investigate the match demands of officiating rugby in 

other nations to determine whether different competitions impose different match demands 

on referees. Second, future research could investigate the influence of the number of 

match events (e.g., tackles, scrums, mauls) on the match demands placed on rugby 

referees. Third, as previous research [29] with rugby league referees reported that decision-

making accuracy is reduced in the final 10 minutes of the match, future studies could 

investigate whether the match demands placed on rugby referees has an impact on their 

decision-making accuracy. Additionally, the data collection was exclusively during 

matches, hence no laboratory-based tests were performed (e.g., anthropometric). 

Supplementary research is therefore encouraged to also include laboratory-based tests 

(i.e., VO2max) to further investigate the differences between rugby referees according to the 

competitive level they are officiating, allowing referees and practitioners to use this more 

specific information (i.e., threshold zones) to improve training programs for rugby 

referees. Finally, the heart rate data in this study was only collected during matches, 

therefore, future research should incorporate the monitoring of resting heart rate and heart 

rate variability to investigate the effect of training on these measures in rugby referees, 

and the associated impact of this training on match performance [30].  

 

Conclusions 

In summary, this study examined the match demands of refereeing 15-a-side rugby 

union matches at different competitive levels. The findings showed that refereeing 

professional or elite rugby was associated with greater high-intensity demands compared 

with lower levels of competition (e.g., amateur). Based on the findings of this study, rugby 

union referees’ training programs should therefore include endurance sessions and 

intermittent sessions at heart rates above 80% of maximum. In addition, sprint training 

should be designed that replicates the physical demands reported in this study. For 

instance, for referees officiating at an amateur level, sprint training sessions should include 

50 metre sprints, while 60 metre sprints are more appropriate for referees officiating at 

semi-professional and professional levels. Indeed, to induce overload in training, 

practitioners may wish to design programs which include sessions exceeding the WCS 

identified in this study. For example, for referees officiating at an amateur level, RHIEs (> 

3 sprints) for longer periods (> 50 s) covering sprint distances from 15 to 60 metres, while 



sprint distances from 20 to 70 metres may be more appropriate for referees officiating at 

semi-professional and professional levels. These recommendations may be particularly 

important for rugby referees to be ready for tournaments, given that the COVID-19 

pandemic has created unprecedented challenges in rugby, restricting competition and 

physical training among rugby referees at all competitive levels [31].  
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TABLES 

 
Table I. Referees characteristics according to the different competitive levels, Mean ± SD 

  Professional Semi-professional Amateur 

Age (y)  32 ± 5     25 ± 3a               25 ± 7  

Referee experience (y)                10 ± 3                      6 ± 3     4 ± 2a  

Height (cm)              178 ± 4                  182 ± 5             179 ± 5  

Body mass (kg)             79.7 ± 6.2                 79.8 ± 6.9            86.9 ± 13.7  

Body mass index (au)  25.2 ± 2.0                 24.1 ± 1.5            27.0 ± 3.6 
a = significantly different to professional level 

 

 



Table II.⎯ Data related to the physical demands of officiating at different competitive levels, Mean ± SD, (CI95%). 

 

   Professional   Semi-professional Amateur  

Distance    

Total distance (m)        6994 ± 757 (6711-7276)        6611 ± 644 (6326-6896)           6059 ± 508a, b (5869-6249) 

Relative distance (m.min-1)      75.2 ± 7.5 (72.4-78.0)      72.8 ± 6.3 (70.0-75.6)      69.5 ± 5.5a (67.4-71.5) 

High-Intensity (> 2.79 m.s-2) accelerations (n) 55 ± 20 (48-63)  51 ± 13 (45-58) 40 ± 30a (29-52) 

High-Intensity (> 2.79 m.s-2) decelerations (n) 39 ± 14 (33-44) 32 ± 9 (27-36)                31 ± 25 (22-41) 

Sprints    

Number per match (n)            27 ± 8 (24-30)                   27 ± 7 (24-30)                 26 ± 11 (22-30) 

Maximal speed (km.h-1)      27.2 ± 1.4 (26.6-27.7)                26.5 ± 1.4 (25.8-27.1)       26.0 ± 1.6a (25.4-26.6) 

Maximal distance (m)  60 ± 15 (54-66)                   57 ± 10 (53-62)                  50 ± 16a (44-56) 

Average distance (m)             23 ± 3 (22-24)                   21 ± 3a (20-22)                  21 ± 3a (19-22) 

Average duration (s)     4.1 ± 0.4 (3.9-4.2)               3.7 ± 0.5a (3.5-4.0)                 3.7 ± 0.5a (3.5-3.9) 

Total sprint distance (m)       630 ± 204 (554-706)                561 ± 158 (489-634)       541 ± 255 (446-636) 

Percentage of total game distance (%)     8.9 ± 2.3 (8.0-9.8)             8.8 ± 2.4 (7.7-9.9)       8.8 ± 3.8 (7.4-10.2) 

RHIEs    

Number of RHIEs per match (n)      8.4 ± 4.9 (6.5-10.3)   6.3 ± 4.5 (4.2-8.3) 5.4 ± 6.0 (3.1-7.6) 

Average RHIE duration (s)   26.4 ± 11 (25-27.8)    25.6 ± 11.8 (23-27.6)  27.6 ± 11.4 (26-29.2) 

Time between RHIEs (s)       314 ± 250 (278-349)     387 ± 298 (325-447)      243 ± 203a, b (209-278) 



RHIE distance (m)      79.3 ± 34.9 (75-84.7)       76.3 ± 34.7 (70.3-82.4)    81 ± 31.5 (76.3-82) 

RHIE maximal speed (km.h-1)      22.9 ± 2.7 (22.6-23.3)    22.7 ± 2.4 (22.2-23.1)   23.1 ± 2.1 (22.7-23.1) 

WCS    

WCS duration (s)    45.6 ± 15.5 (39.7-51.5)     39.3 ± 10.0 (34.4-44.1)  35.6 ± 13.3a (29.8-41.3) 

WCS distance (m)     130.6 ± 41.1 (115.0-146.2)        115.3 ± 29.9 (101.3-129.3)  104.2 ± 33.2a (89.9-118.6) 

WCS maximal speed (km.h-1) 24.5 ± 2.5 (23.5-25.4)     22.4 ± 2.4a (21.3-23.5)           22.8 ± 1.4a (22.2-23.4) 

WCS sprints (n)         1.6 ± 0.7 (1.3-1.9)            1.4 ± 0.9 (0.9-1.8)             1.6 ± 0.9 (1.2-1.9) 

WCS accelerations (n)         3.0 ± 1.2 (2.5-3.7)            2.5 ± 0.9 (2.1-2.9)             2.4 ± 1.4 (1.8-3.0) 

WCS relative distance (m.min-1)     172.5 ± 28.4 (161.5-183.5)        175.6 ± 38.8 (158.0-193.3)   183.4 ± 45.9 (164.0-202.7) 

a = significantly different to professional level; b = significantly different to semi-professional level. RHIE: Repeated High-Intensity Efforts; WCS: Worst Case Scenario. 
 

  

 

 

 

 

 

 

 

 

 

 

 

 



 

Table III. Data related to the physiological demands of officiating at different competitive levels, Mean ± SD, (CI95%). 

a = significantly different to professional level 
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Figure 1.⎯ Differences between the competitive levels in terms of each speed zone showed in the 

percentage of distance covered.  a Significantly different to professional level. b Significantly different to 

semi-professional level. Data are mean ± SD. 

 

Figure 2. Percentage of playing time spent in each heart rate zone at different competitive levels. a 

Significantly different to professional level, b Significantly different to professional level. Data are mean ± 

SD. 

 

 

 

 Professional Semi-professional Amateur 

Max HR (beats.min-1)     190 ± 17 (182-198)    195 ± 6 (192-198)   191 ± 4 (188-194) 

Mean HR (beats.min-1)     147 ± 11 (142-152)      160 ± 7 (157-164) a     156 ± 7 (152-160) a 

Mean HR (%max) 78 ± 8 (75-82) 82 ± 2 (81-83) 82 ± 2 (81-83) 

Internal Load (au)     312 ± 80 (277-348)     332 ± 27 (318-345)     296 ± 11 (300-332) 


