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ABSTRACT 29 

The aim of this study was to compare the physical demands of officiating across different competitive 30 

levels in rugby sevens. An observational design was used involving twenty-seven referees (26 males, 1 31 

female, age: 27 ± 6 years, body mass (mean ± SD): 78.5 ± 9.3 kg, height: 179 ± 5 cm). GPS data was 32 

collected across a total of 114 matches during five separate rugby sevens tournaments played in England 33 

- between May and July 2018 - categorized into four competitive levels: (1) international, (2) 34 

professional, (3) semi-professional, and (4) amateur. Compared with referees officiating at the 35 

international, professional, and semi-professional levels, referees officiating at the amateur level 36 

covered less total (p < 0.001) and relative distance (p < 0.001). Additionally, these referees covered 37 

more distance walking and jogging (p < 0.001). Amateur referees also completed fewer sprints (p = 38 

0.006), and repeated high-intensity efforts per game (p < 0.001), and spent longer between repeated 39 

high-intensity efforts (p = 0.015). Finally, for the amateur referees, the duration of the longest repeated 40 

high-intensity bout (i.e., worst case scenario) was lower (p < 0.001), with less distance covered (p < 41 

0.001), and fewer high-intensity accelerations (p < 0.001). Refereeing rugby sevens is therefore more 42 

physically demanding at higher competitive levels, particularly in terms of high-intensity efforts. The 43 

results provide vital information for practitioners involved in the physical preparation of rugby sevens 44 

referees.  45 

 46 
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INTRODUCTION 57 

Rugby sevens is an intermittent contact sport played across different ages and competitive 58 

levels (e.g., youth to adult, amateur to international) (11, 20). Although it is played under the same laws 59 

and on the same size field as 15-a-side rugby union, rugby sevens teams comprise fewer players, and 60 

matches are 14 minutes in duration  (i.e. two halves of 7 minutes) (20). At all levels of rugby sevens, 61 

multiple daily performances and consecutive days of competition present a physical and psychological 62 

challenge, whereby players and referees must manage physical readiness and psychological arousal 63 

throughout the day, ensuring they peak in time for matches (9). Rugby sevens matches are under the 64 

control of a referee and two touch judges or assistant referees (23). Two in-goal judges also officiate in 65 

elite level matches but are usually only incorporated in the knockout stages of lower competitive levels. 66 

The referee is the sole judge of fact and is required to apply the Laws of the Game in every match (22). 67 

The ability of the rugby sevens referee to meet the physical demands imposed during match play is 68 

likely to be crucial for optimal positioning and thus decision-making (21). 69 

Studies have described the match demands of refereeing 15-a-side rugby union (4, 5, 14, 15 26) 70 

and league (7, 12, 17), but only a few have examined the physical demands of refereeing rugby sevens 71 

matches (16, 23, 24). In sum, these studies have shown that officiating rugby sevens is characterized by 72 

higher running and physiological demands per minute (23). Also, these studies have shown that the 73 

running demands of refereeing rugby sevens is typically higher than the demands encountered when 74 

refereeing other rugby codes, and the demands are comparable to those experienced by rugby sevens 75 

players (23). However, a limitation of this research is that the referees were only evaluated at one 76 

competitive level, and thus no comparison was made between different competitive levels. To the 77 

authors’ knowledge, there is only one study that has compared the movement demands of rugby referees 78 

across different levels (13). This study, found that less experienced referees spent more time in jogging 79 

and sprinting activities when compared to more experienced referees (13). However, this study was 80 

conducted during 15-a-side matches and compared the referees according to their level of experience 81 

at the same tournament, and thus no comparisons were made across tournaments of different 82 

competitive levels. This is an important limitation as such comparisons would provide vital information 83 
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that can be used by practitioners to optimize the training and preparation of referees for rugby sevens 84 

tournaments, and ensure this training is suitable for the competitive level they will officiate. 85 

 Thus, this study investigated the physical demands of officiating at different competitive levels 86 

in rugby sevens (i.e., amateur to international). Additionally, our study aimed to determine the specific 87 

physical demands of the most intense period of the match that the referee could be involved in (i.e., 88 

“worst case scenario”) (18). Given that international rugby players have been shown to perform a 89 

greater quantity of very high speed running than provincial rugby players (21), it was hypothesised that 90 

officiating lower level matches (i.e., amateur) would be characterized by more low and moderate-91 

intensity activities, while refereeing higher level matches (i.e., semi-professional, professional and 92 

international) would be characterized by more time spent in high-intensity activities.  93 

 METHODS 94 

Experimental Approach  95 

An observational design was used and referees wore an augmented concurrent multi-GNSS 96 

receiver (GNSS) Unit (Apex, 10 Hz, STATSports, Belfast, UK), between their shoulder blades using 97 

an elasticated vest, worn beneath their normal kit. The validity and reliability of this unit has been 98 

reported previously (3). The GNSS unit was switched on 5 minutes before, and immediately turned off 99 

at the end of each match. Data from all referees who completed the entire first and second halves were 100 

included in the final analysis. Data was excluded for one referee in the amateur level who sustained an 101 

injury and was replaced at half time. In two matches during the knock-out stage at the professional 102 

tournament, extra time was played. However, data from this extra time was not included in the final 103 

analysis, and only data from the two “standard” halves were used. 104 

 105 

Subjects and Experimental Procedures 106 

  This study received institutional ethical approval and informed consent was obtained from each 107 

referee. In total, data was obtained from 27 referees (26 male, 1 female), with at least two years 108 

refereeing experience (6 ± 3 years), and 24 were amateur and three were professional. Three referees 109 

provided data for two different competitive levels. Data was recorded for between one and six matches 110 

for each referee, culminating in a total of 114 matches across five rugby sevens tournaments between 111 
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May and July 2018. These tournaments were categorised into four competitive levels: (1) International 112 

(34 matches, 6 referees, age: 27 ± 3 years, body mass: 74.8 ± 4.7 kg, height: 177 ± 5 cm, refereeing 113 

experience: 8 ± 3 years), (2) professional (22 matches, 6 referees, age: 28 ± 5 years, body mass: 83.8 ± 114 

9.2 kg, height: 181 ± 2 cm, refereeing experience: 5 ± 2 years), (3) semi-professional (26 matches, 8 115 

referees, age: 27 ± 4 years, body mass: 79.3 ± 11.5kg, height: 179 ± 8 cm, refereeing experience: 4 ± 1 116 

years) , and (4) amateur (32 matches, 10 referees, age: 27 ± 8 years, body mass: 79.4 ± 10.3 kg, height: 117 

180 ± 6 cm, refereeing experience: 6 ± 2 years). The total match time analysed was made up by the 118 

periods of match play activities as well as stoppages in play (excluding the half-time interval), which 119 

led to total match time exceeding 14 minutes (15 min 57 sec ± 1 min 08 sec).  120 

 121 

Physical Demands Analysis 122 

Data collected included: total distance (m), relative distance  (m.min-1), percentage of time 123 

spent walking (<5.40 km.h-1), jogging (5.41 – 10.80 km.h-1), and in low intensity (10.81 – 14.40 km.h-124 

1), medium intensity (14.41 – 18.40 km.h-1), high intensity (18.41 – 25.20 km.h-1), and maximal speed 125 

(> 25.20 km.h-1) running, average number of sprints (n), average maximal speed of a sprint (km.h-1), 126 

average maximal distance of a sprint (m), average sprint distance (m), and average duration of a sprint 127 

(s). The speed zones have been used previously to analyse the physical demands of rugby players and 128 

referees (19, 23). A sprint was defined as when the referee reached 20 km.h-1 and sustained this speed 129 

for at least 1 second. This was classified based on previous research with rugby sevens referees (23, 130 

24). 131 

To further investigate high intensity activities, the frequency (n), duration (s), time between 132 

repeated high-intensity efforts (RHIE) (s), distance (m) and maximal speed (km.h-1) of RHIE bouts was 133 

analysed. A bout was defined as a minimum of three sprints and/or high acceleration efforts (>2.79 m.s-134 

2) with less than 21 seconds of recovery between efforts (2, 11). The single longest period of a RHIE 135 

bout from each match was identified and analysed as the “Worst Case Scenario” (WCS) (18). The 136 

definition of a bout duration was from the time the referee first performed a high-intensity activity (i.e., 137 

sprint or high-intensity acceleration) and repeated a minimum of two other efforts with less than 21 138 

seconds between those activities. For each WCS, the total duration (s), total distance (m), maximal 139 
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speed (km.h-1), total distance relative to the bout duration (m.min-1), number of sprints (n), and number 140 

of accelerations (n) was analysed.  141 

 142 

Statistical Analysis  143 

After collection, data from each GNSS unit was downloaded to analysis software (i.e., 144 

STATSports Apex software, v. 3.0.04101). Data was then exported to Microsoft Excel and statistical 145 

analysis software (IBM Corp., Armonk, NY, USA; IBM SPSS v. 22.0). Data distributions were tested 146 

using Kolmogorov-Smirnov tests. Next, means, standard deviations, and confidence intervals of the 147 

mean (95%) were calculated. To examine any differences between the competitive levels a series of 148 

one-way analysis of variances (ANOVAs) were used, with homogeneity of variances tested using the 149 

Levene’s test and post-hoc analyses conducted using Tukey HSD when homogeneous and T2 Tamhane 150 

when non homogeneous. Effect sizes were calculated as partial eta squared (ηp
2), but are only presented 151 

for significant differences. Partial eta squared values of  ≥  0.01, ≥ 0.06, and ≥ 0.14 were interpreted as 152 

small, medium, and large effect sizes, respectively (5), and α was set at 0.05. 153 

 154 

RESULTS 155 

Total Distance and relative distance 156 

Compared with all other competitive levels, referees who officiated at the amateur level covered 157 

significantly less total, F (3, 110) = 13.68, p < 0.001, ηp
2 = 0.27, and relative, F (3, 110) = 17.56, p < 158 

0.001, ηp
2 = 0.32, distance (Table 1). However, there were no significant differences between the other 159 

competitive levels (p > 0.05). 160 

 161 

Speed zones 162 

For referees who officiated at the amateur level, a greater percentage of the total distance was 163 

covered walking, F (3, 110) = 10.42, p < 0.001, ηp
2 = 0.22, and jogging, F (3, 110) = 24.72, p < 0.001, 164 

ηp
2 = 0.40, compared with the other competitive levels (Figure 1). In addition, the referees involved in 165 

the international and professional levels covered a significantly greater percentage of the total distance 166 

in the high-intensity, F (3, 110) = 47.92, p < 0.001, ηp
2 = 0.56, and maximal, F (3, 110) = 8.50, p < 167 
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0.001, ηp
2 = 0.18, speed zones. Furthermore, the referees who officiated at the semi-professional level 168 

covered a significantly greater percentage of the total distance in the medium-intensity speed zone, F 169 

(3, 110) = 18.55, p < 0.001, ηp
2 = 0.33. Finally, the referees who officiated at the semi-professional and 170 

amateur levels covered a significantly greater percentage of the total distance in the low-intensity speed 171 

zone, F (3, 110) = 19.25, p < 0.001, ηp
2 = 0.34. 172 

 173 

**** Figure 1 near here **** 174 

 175 

At the international competitive level, referees covered a significantly greater percentage of the 176 

total distance in the medium and high-intensity speed zones compared with all of the other zones, F 177 

(2.1, 71.0) = 78.35, p < 0.001, ηp
2 = 0.70 (Figure 2). At the professional level, the referees covered a 178 

significantly greater percentage of the total distance jogging, and in the medium and high-intensity 179 

speed zones, in comparison with walking, low-intensity, and maximal speed zones, F (1.7, 37.6) = 180 

29.72, p < 0.001, ηp
2 = 0.58. There were no significant differences in the professional level between the 181 

distance covered jogging and in the medium (p = 0.538) and high-intensity (p = 0.360) speed zones. At 182 

the semi-professional level, referees covered a significantly greater percentage of the total distance in 183 

the medium-intensity speed zone in comparison to the other zones, F (3.0, 77.1) = 178.20, p < 0.001; 184 

ηp
2 = 0.87. Finally, at the amateur level, referees covered a significantly greater percentage of the total 185 

distance jogging in comparison to the other speed zones, F (2.4, 76.1) = 112.79, p < 0.001, ηp
2 = 0.78. 186 

 187 

**** Figure 2 near here **** 188 

 189 

Sprints 190 

Overall, there were significant differences in the number of sprints performed by the referees, 191 

F (3, 108) = 33.47, p < 0.001, ηp
2 = 0.48 (Table 1). Notably, the referees who officiated at the 192 

professional level performed more sprints compared with the referees who officiated at the semi-193 

professional level, (p = 0.001) and the referees who officiated at the amateur level performed less sprints 194 

compared with the referees who officiated at all the other levels (all p < 0.001).  Moreover, for referees 195 
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at the amateur level, a lower maximal sprint speed was recorded compared with referees at the 196 

professional competitive level, F (3, 108) = 4.43, p = 0.006, ηp
2= 0.11. Finally, there were no significant 197 

differences between the levels for maximal distance, average distance, or average duration of sprints 198 

(all p > 0.05). 199 

 200 

Repeated high-intensity efforts 201 

There were significant differences in the frequency of RHIE per game, F (3, 100) = 25.96, p < 202 

0.001, ηp
2 = 0.43. Specifically, there were fewer RHIEs at the amateur level compared with all other 203 

competitive levels (all p < 0.005,), and fewer at the semi-professional level compared with the 204 

international (p < .001) and professional (p = 0.002) levels. In addition, at the amateur level, there was 205 

a longer time between RHIEs, F (3, 657) = 3.95, p = 0.008, ηp
2 = 0.01, in comparison with all other 206 

levels (all p < 0.05). Moreover, at the amateur level, RHIEs had a lower duration, F (3, 847) = 4.40, p 207 

= 0.004, ηp
2 = 0.01, compared with the professional (p = 0.005) and semi-professional (p = 0.034) levels. 208 

Furthermore, referees at the amateur level covered less distance, F (3, 847) = 5.74, p = 0.001, ηp
2 = 0.02, 209 

compared with the professional (p =0.003) and semi-professional (p = 0.002) levels. Finally, referees 210 

at the amateur level achieved a lower maximal speed in RHIEs, F (3, 847) =4.76, p = 0.003; ηp
2 = 0.01, 211 

compared with the professional (p = 0.003) and semi-professional (p = 0.018) levels. 212 

 213 

Worst case scenario 214 

There were significant differences in the duration of the longest period of high-intensity 215 

activities (i.e., WCS), F (3, 98) = 11.44, p < 0.001, ηp
2 = 0.25, with the amateur level being shorter than 216 

all of the other competitive levels, and the semi-professional level being shorter than the professional 217 

level (Table 1). Also, within the WCS,  the referees officiating at the amateur level covered significantly 218 

less distance than the referees who officiated at the other levels, F (3, 99) = 19.33,  p < 0.001, ηp
2 = 0.36,  219 

and reached lower maximal speeds in comparison with the referees at the semi-professional and 220 

professional levels, F (3, 102) = 4.53,  p = 0.005, ηp
2 = 0.11. Moreover, within the WCS, the referees 221 

who officiated at the amateur and semi-professional levels, performed fewer sprints than the referees 222 

who officiated at the professional level, F (3, 87) = 4.32; p = 0.007, ηp
2 = 0.13. In addition, the referees 223 
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who officiated at the amateur level performed fewer high-intensity accelerations than the referees who 224 

officiated at the other levels, F (3, 96) = 11.83, p < 0.001, ηp
2 = 0.27. Finally, within the WCS, there 225 

were no significant differences in the relative distance, and no significant differences between the 226 

international and professional levels for any variable (p > 0.05). 227 

 228 

**** Table 1 near here **** 229 

 230 

DISCUSSION 231 

This study compared the physical demands of refereeing at different competitive levels in rugby 232 

sevens, from amateur to international. In summary, the results revealed that relative to the other 233 

competitive levels, referees who officiated at the amateur level ran less distance, covered a higher 234 

percentage of total distance walking and jogging, completed fewer sprints, and repeated high-intensity 235 

efforts, and spent more time between RHIE. Finally, compared with the other competitive levels, the 236 

WCS for the referees involved at the amateur level consisted of a shorter duration, less distance, and 237 

fewer accelerations. 238 

The referees involved in the amateur competitive level covered a similar total distance to the 239 

distance  reported in Suarez-Arrones et al. (2013) (i.e,. 1653 ± 165 m and 1665 ± 203 m, respectively) 240 

(23). The results from this previous study by Suarez-Arrones et al. (2013) showed that the relative 241 

distance covered by rugby sevens referees was 110 m.min-1. This result was greater than the relative 242 

distance found in the present study at the amateur level, which might be due to different total match 243 

durations (including stoppages in play) in each study. However this finding from both studies was lower 244 

than the relative distance covered at the international, professional, and semi-professional levels (Table 245 

1). Although comparisons with previous research should be made cautiously, one possible explanation 246 

for these differences is the higher level of rugby sevens played at the tournaments accessed in the present 247 

study (i.e., professional and international). For instance, professional players likely possess greater 248 

tactical awareness, and limit handling errors, which would reduce match stoppages (21). Consequently, 249 

the ball in play time is often higher at the professional level, requiring the referees to cover a greater 250 

distance per minute. 251 
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Overall, the results show that at higher competitive levels, the referees were required to cover 252 

greater distance at high-intensity running and maximal speed. The results previously reported by 253 

Suarez-Arrones et al. (2013) were similar to the findings for the semi-professional level in the present 254 

study, with the referees covering nearly 60% of total distance in low-intensity running, jogging, and 255 

walking, and approximately 15% in high-intensity running and at maximal speed. In the present study, 256 

there were differences between the lower (i.e., amateur) and higher (i.e., international and professional) 257 

levels. Specifically, in the latter, the referees covered approximately 50% of the total distance in speed 258 

zones below 14 km.h-1, whereas in the former, the referees covered approximately 70% of the total 259 

distance within these zones. Moreover, differences were observed between these levels for high-260 

intensity and maximal speed running. Indeed, the referees who officiated at the higher levels (i.e., 261 

international and professional) covered approximately 30% of the total distance within these speed 262 

zones, whereas referees at the lower level (i.e., amateur) covered only 11%. These results might be 263 

partly explained by the greater speed characteristics of the international and professional players, who 264 

cover larger distances at higher speeds than amateur players, and also because professional matches 265 

involve greater ball-in-play time (21). Thus, a referee officiating at a higher competitive level must have 266 

the capacity to cover more distance at higher-speed than referees officiating at lower competitive levels. 267 

There will be passages of play in rugby sevens, where the transition of the ball from one side 268 

of the pitch to the other is quick, with less phases and stoppages (e.g., rucks, scrums) (27), and the 269 

referee is therefore required to cover greater distance in a shorter period of time. Thus, sprinting is a 270 

necessary demand for officiating rugby sevens matches. The findings of the present study show that 271 

referees involved at the professional level sprinted approximately 15 times per match, which was 272 

significantly higher than at the semi-professional and amateur levels (approximately 11 and 7 sprints 273 

per match, respectively), and similar to the number of sprints previously reported for rugby sevens 274 

players (25, 27). Moreover, the referees were required to sprint over an average distance of 25 meters 275 

and occasionally over 60 metres.  276 

To our knowledge, this was the first study to analyse RHIE for rugby sevens referees. The 277 

findings show that the number of RHIE was highest at the professional and international competitive 278 

levels, which is unsurprising due to the greater percentage of total distance covered in high-intensity 279 
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speed zones. The mean duration of a RHIE was shorter and the time between RHIE was longer at the 280 

amateur level compared with the professional and semi-professional levels. These findings could be 281 

explained by the superior skill level of the international and professional players, resulting in fewer 282 

stoppages and more ball-in-play time (19). However, it should be noted that there were no significant 283 

differences between the amateur and international levels. This comparison was also similar for the 284 

results related to the distance covered during RHIE. These findings were surprising due to the fact that 285 

international matches encompass a greater frequency of long-duration activity cycles (21). Despite a 286 

direct comparison being difficult due to the different roles, the results show a similar number of RHIEs 287 

per match to those reported for rugby sevens players (25) and a similar average duration of  RHIE to 288 

players (backs positional group) during rugby union matches (2). However, this comparison should be 289 

made cautiously, because players will also be involved in collisions, which are characterized as  high-290 

intensity efforts (2), and this does not typically apply to referees.  291 

The analysis of the WCS, showed that the amateur competitive level had a lower duration, 292 

lower distance covered, and a lower number of accelerations performed by the referee during the most 293 

intense period of match, when compared with the other levels. Additionally, referees officiating at the 294 

amateur level also performed fewer sprints than those at the professional level. Interestingly, at the 295 

semi-professional level, the duration of the WCS, and the number of sprints performed within this 296 

period, was lower than at the professional level. Likewise, at the semi-professional level, the referees 297 

covered less distance than during the professional and international levels. These might be explained 298 

by the fact that at the professional level, the players are athletically superior to players at the lower 299 

levels (i.e., semi-professional and amateur), resulting in higher physical demands during the matches 300 

involving higher quality players (1, 8). These findings also suggest that at higher competitive levels, 301 

referees’ ability to sustain high-intensity activity is more significant. Although the comparison between 302 

different studies should be made with caution, because of the different roles performed in a rugby match, 303 

within the WCS, the referees in this study covered a higher distance per minute, and performed more 304 

sprints, than previously reported for professionals rugby union players (18).  305 

This study adds to the literature regarding the physical demands of refereeing rugby sevens. 306 

However, there are some limitations that should be noted. First, rugby sevens referees are often required 307 
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to officiate in more than one match per day and on consecutive days. Unfortunately, due to logistical 308 

challenges, this study did not investigate variation between matches (i.e., exercise-induced fatigue), and 309 

thus researchers should aim to examine such variation in the future. Second, the outcomes of this study 310 

are specific to referees within tournaments in the northern hemisphere, potentially limiting the 311 

generalisability of the findings. Future research is therefore encouraged to investigate the physical 312 

demands of officiating rugby sevens in other nations and at international tournaments involving both 313 

northern and southern hemisphere teams (e.g., World Sevens Series). Finally, the data for this study 314 

was collected during one season, and so, future research should aim to examine longitudinal data and 315 

investigate match-to-match and within season variations in physical demands. 316 

In summary, this study examined the physical demands of refereeing rugby sevens matches at 317 

different competitive levels. The findings showed that rugby sevens refereeing is characterised by high 318 

intermittent running demands that are greater at higher levels of competition.  319 

 320 

PRACTICAL IMPLICATIONS 321 

This study provides rugby sevens referees and practitioners with an understanding of the 322 

physical demands of officiating at different competitive levels. The findings can help practitioners 323 

optimise the training of rugby sevens referees to ensure that they have the capacity to perform the 324 

repeated high-intensity efforts needed on a match day. More specifically, the high intensity intermittent 325 

nature of officiating rugby sevens matches, requires the development of training programs that include 326 

high intensity efforts (i.e., > 18.1 km.h-1) interspersed with short periods of recovery at low intensity 327 

running (i.e., 1 minute between 10.8 and 14.4 km.h-1). Additionally the analysis of the WCS provides 328 

useful information for the prescription of training aimed at improving rugby referees’ fitness to cope 329 

and overlap with the most demanding periods of the match. In particular, to induce overload in training 330 

for rugby sevens referees, practitioners may wish to design training programs which include sessions 331 

exceeding the WCS identified in the current study. For example, repeated high-intensity efforts (i.e., > 332 

3 sprints) for a longer period (i.e., > 80 seconds) replicating the movement demands of the match, which 333 

should include change of directions exercises. Furthermore, sprint training should be designed for rugby 334 

sevens referees that reflects and replicates the physical demands encountered in this research. As rugby 335 
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sevens referees are subjected to a high physical demand during matches, they should follow structured 336 

weekly training plans that have an emphasis on intensive and intermittent exercise sessions.   337 

 338 

ACKNOWLEDGEMENTS  339 

The authors would like to acknowledge all of the referees who took part on the study. Furthermore, the 340 

authors would like to thank the referee managers and the Rugby Football Union for allowing access to 341 

the different rugby sevens tournaments. Additionally, the authors would like to thank STATSports for 342 

providing the GNSS units used in this study. The authors report no conflicts of interest. 343 

 344 

REFERENCES 345 

 346 

1. Argus, CK, Gill, ND, and Keogh, JWL. Characterization of the differences in strength and 347 

power between different levels of competition in rugby union athletes. J Strength Cond Res 26: 348 

2698-2704, 2012. 349 

2. Austin, D, Gabbett, T, and Jenkins, D. Repeated high-intensity exercise in professional rugby 350 

union. J Sports Sci 29: 1105-1112, 2011. 351 

3. Beato, M, Coratella, G, Stiff, A, and Iacono, AD. The validity and between-unit variability of 352 

gnss units (statsports apex 10 and 18 hz) for measuring distance and peak speed in team sports. 353 

Front Physiol 9, 2018. 354 

4.       Bester, C, Coetzee, D, Schall, R, and Blair, M. Physical demands on elite lead rugby union 355 

referees. Int J Perf Anal Spor 19: 258-273, 2019. 356 

5. Blair, MR, Elsworthy, N, Rehrer, NJ, Button, C, and Gill, ND. Physical and physiological 357 

demands of elite rugby union officials. Int J Sports Physiol Perform 1-25, 2018. 358 

6. Cohen, J. Statistical Power Analysis for the Behavioral Sciences. Hillsdale, New Jersey: 359 

Lawrence Erlbaum Associates Publishers, 1988. 360 

7. Emmonds S, O'Hara J, Till K et al. Physiological and movement demands of rugby league 361 

referees: influence on penalty accuracy. J Strength Cond Res 29: 3367-3374, 2015. 362 



14 
 

8. Fontana, FY, Colosio, A, De Roia, GF, Da Lozzo, G, and Pogliaghi, S. Anthropometrics of 363 

italian senior male rugby union players: from elite to second division. Int J Sports Physiol 364 

Perform 10: 674-680, 2015. 365 

9. Henderson, MJ, Harries, SK, Poulos, N, Fransen, J, and Coutts, AJ. Rugby sevens match 366 

demands and measurement of performance: a review. Kinesiology 50: 49-59, 2018. 367 

10. Higham, DG, Pyne, DB, Anson, JM, and Eddy, A. Movement patterns in rugby sevens: effects 368 

of tournament level, fatigue and substitute players. J Sci Med  Sport 15: 277-282, 2012. 369 

11. Jones, MR, West, DJ, Crewther, BT, Cook, CJ, and Kilduff, LP. Quantifying positional and 370 

temporal movement patterns in professional rugby union using global positioning system. Eur 371 

J Sport Sci 15: 488-496, 2015. 372 

12. Kay, B and Gill, N. Physical demands of elite Rugby League referees, part two: heart rate 373 

responses and implications for training and fitness testing. J Sci Med  Sport 7: 165-173, 2004. 374 

13.       Kraak, W,  Malan, D, and  Van den Berg, P. Analysis of movement patterns and work-to-rest 375 

ratios for different panels of South African Rugby Union referees during match-refereeing. Int 376 

J Perf Anal Spor, 11(2): 344 - 355, 2011. 377 

14.        Kraak, W,  Malan, D, and  Van den Berg, P.Time-motion analysis and heart rate recordings of 378 

South African rugby union referees. Afr J Phys Health Educ Recreat Dance, 17(4:2): 841-852. 379 

15. Martin, J, Smith, NC, Tolfrey, K, and Jones, AM. Activity analysis of english premiership 380 

rugby football union refereeing. Ergo 44: 1069-1075, 2001. 381 

16. Nazarudin, MN, Abdullah, MR, Parnabas, V, Abdullah, NM, and Maliki, ABHM.  382 

Investigating the relationship between malaysian rugby sevens match officials physical fitness 383 

and performance. J Fundam Appl Sci 9: 824-+, 2017. 384 

17. O'Hara JP, Brightmore A, Till K et al. Evaluation of movement and physiological demands of 385 

rugby league referees using global positioning systems tracking. Int J Sports Med 34: 825-831, 386 

2013. 387 

18. Reardon, C, Tobin, DP, Tierney, P, and Delahunt, E. The worst case scenario: Locomotor and 388 

collision demands of the longest periods of gameplay in professional rugby union. PloS one 12, 389 

2017. 390 



15 
 

19. Roberts, SP, Trewartha, G, Higgitt, RJ, El-Abd, J, and Stokes, KA. The physical demands of 391 

elite english rugby union. J Sports Sci 26: 825-833, 2008. 392 

20. Ross, A, Gill, N, and Cronin, J. The match demands of international rugby sevens. J Sports Sci 393 

33: 1035-1041, 2015. 394 

21. Ross, A, Gill, ND, and Cronin, JB. A comparison of the match demands of international and 395 

provincial rugby sevens. Int J Sports Physiol Perform 10: 786-790, 2015. 396 

22.  Rugby. Laws of the game. World Rugby, 2018. 397 

23. Suarez-Arrones, L, Calvo-Lluch, A, Portillo, J, Sanchez, F, and Mendez-Villanueva, A. 398 

Running demands and heart rate response in rugby sevens referees. J Strength Cond Res 27: 399 

1618-1622, 2013. 400 

24. Suarez-Arrones, L, Nunez, J, Munguia-Izquierdo, D, Portillo, J, and Mendez-Villanueva, A. 401 

Impact of several matches in a day on physical performance in rugby sevens referees. 402 

International Journal of Sports Physiology and Performance 8: 496-501, 2013. 403 

25. Suarez-Arrones, L, Nunez, J, Saez de Villareal, E et al. Repeated-high-intensity-running 404 

activity and internal training load of elite rugby sevens players during international matches: a 405 

comparison between halves. Int J Sports Physiol Perform. Int J Sports Physiol Perform 11: 406 

495-499, 2016. 407 

26. Suarez-Arrones, L, Portillo, LJ, Garcia, JM et al. Running demands and heart rate response in 408 

rugby union referees. J Strength Cond Res 27: 2946-2951, 2013. 409 

27. Suarez-Arrones, LJ, Nunez, FJ, Portillo, J, and Mendez-Villanueva, A. Running demands and 410 

heart rate responses in men rugby sevens. J Strength Cond Res h 26: 3155-3159, 2012. 411 

 412 

 413 

 414 

 415 

 416 



16 
 

 417 

 418 

Figure 1 - Differences between the different competitive levels in terms of each speed zone showed in the percentage of distance covered. a = significantly different to 419 
International tournament 1; b = significantly different to Professional tournament; c = significantly different to Semi-professional tournament. 420 
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 423 

 424 

Figure 2 - Percentage of distance covered in each speed zone at each competition. a = significantly different to Zone 1; b = significantly different to Zone 2; c = significantly 425 
different to Zone 3; d = significantly different to Zone 4; * = significantly different to Zones 1, 2, 3, 4 and 5.  426 
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Table 1. Data related to the physical demands of officiating at different competitive levels, Mean ± SD, (CI95%). 432 

 International Professional Semi-professional Amateur 

Distance     

Total distance (m) 1865 ± 187 (1800-1930) 1922 ± 182 (1842-2003) 1819 ± 129 (1768-1872) 1653 ± 165 (1594-1843) a, b, c 

Relative distance (m.min-1) 114.3 ± 10.1 (110.7-117.8) 118.4 ± 9.3 (114.2-122.4) 118.7 ± 8.8 (115.1-122.2) 103.5 ± 8.0 (100.6-106.4) a, b, c 

Sprints     

Number per match (n) 13.7 ± 3.6 (12.4-14.9) 15.7 ± 3.3 (14.2-17.2)   11.9 ± 3.1 (10.7-13.2) b 7.1 ± 3.0 (6.0-8.3) a, b, c 

Maximal  speed (km.h-1) 27.0 ± 1.6 (26.4-27.6) 28.1 ± 1.9 (27.3-29.0) 27.9 ± 1.7 (27.2-28.6) 26.2 ± 3.0 (25.1-27.3) b 

Maximal distance (m)   58.5 ± 15.4 (53.1-63.9)   56.9 ± 11.7 (51.7-62.2)   57.1 ± 13.4 (51.7-62.5) 49.2 ± 16.8 (43.0-55.6) 

Average distance (m) 25.6 ± 5.4 (23.7-27.5) 24.2 ± 4.3 (22.3-26.1) 26.3 ± 5.9 (24.0-28.7) 27.3 ± 8.3 (24.2-30.4) 

Average duration (s)   4.4 ± 0.9 (4.1-4.7)  4.1 ± 0.6 (3.8-4.4)  4.4 ± 0.9 (4.1-4.8) 4.6 ± 1.2 (4.2-5.1) 

RHIE     

Number per match (n) 9.6 ± 1.9 (8.9-10.2) 9.2 ± 1.4 (8.6-9.9) 7.4 ± 1.6 (6.7-8.1) a, b   5.3 ± 2.6 (4.3-6.4) a, b, c 

Duration (s) 32.2 ± 18.9 (30.1-34.2) 36.5 ± 22.2 (33.4-39.7) 38.3 ± 40.6 (32.6-44.1)  29.4 ± 16.3 (26.6-32.2) b, c 

Time between RHIE (s) 65.7 ± 38.5 (61.0-70.3) 62.9 ± 38.6 (56.7-69.1) 62.6 ± 39.3 (56.3-68.8)    79.9 ± 60.0 (67.6-92.3) a, b, c 
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Distance (m) 102.0 ± 57.6 (95.8-108.3) 114.4 ± 62.5 (105.6-123.3) 115.1 ± 87.9 (102.7-127.4)  89.0 ± 44.2 (81.5-96.7) b, c 

Maximal speed  (km.h-1) 23.5 ± 3.2 (23.2-23.9) 24.1 ± 3.3 (23.6-24.5) 23.9 ± 3.5 (23.4-24.4) 22.7 ± 3.4 (22.2-23.3) b, c 

WCS     

Duration (s) 67.9 ± 20.4 (60.8-75.0) 77.1 ± 22.3 (66.2-87.2) 61.0 ± 10.7(56.2-65.7) b 44.8 ± 22.3 (35.6-54.0) a, b, c 

Distance (m) 205.3 ± 53.9 (186.5-224.1) 221.0 ± 61.9 (192.8-249.2) 170.7 ± 38.5 (154.5-187.0) a, b 122.1 ± 37.0 (106.5-137.7) a, b, c 

Maximal speed (km.h-1) 24.6 ± 2.5 (23.7-25.6) 24.9 ± 2.5 (23.7-26.0) 25.3 ± 2.4 (24.4-26.3) 22.9 ± 2.7 (21.7-24.0) b, c 

Sprints (n) 2.1 ± 1.2 (1.7-2.6) 2.5 ± 1.0 (2.0-3.0) 1.7 ± 0.8 (1.4-2.0) b 1.5 ± 0.7 (1.2-1.8) b 

Accelerations (n) 4.7 ± 1.4 (4.2-5.1) 3.8 ± 1.4 (3.1-4.4) 3.8 ± 1.2 (3.3-4.3) 2.5 ± 1.3 (2.0-3.1) a, b, c 

Relative distance (m.min-1) 184.3 ± 30.4 (173.7-194.9) 172.8 ± 16.0 (165.5-180.1) 172.1 ± 27.1 (161.2-183.1) 181.6 ± 40.2 (165.0-198.2) 

a = significantly different to International tournament; b = significantly different to Professional tournament; c = significantly different to Semi-professional tournament.  433 
RHIE: Repeated High-Intensity Efforts; WCS: Worst Case Scenario. 434 

 435 


