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ABSTRACT

Background: Refereeing is a demanding and intermittent activity that combines high-speed and low-
intensity action

Objective: The aim of this study is to analyse the external and internal load of professional Spanish
football referees during matches, and to compare the physical demands between halves and between
referees in different categories

Methods: The physical demands on 40 professional football referees from the first and second divisions
were recorded using global positioning system (GPS) technology and heart rate bands. External load
(distance covered, speed, acceleration and deceleration) and internal load (perceived exertion [RPE] and
heart rate [HR]) were analysed

Results: The referees in the first division reported lower mean HR and RPE results than those in
the second division (p < 0.05). The total distance covered was similar between the categories
(p > 0.05), but the distance covered at different speed ranges was different (p < 0.05). Finally, greater
reductions in performance between the first and the second halves were found in the second division
referees (p < 0.05)

Conclusions: The results of this study show differences according to the category of referee. This
emphasises the need for specific training for professional referees according to their level to ensure
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optimal performance during matches.

Introduction

Football is one of the most popular and common sports in the
world (Ferndndez-Elias et al. 2017) and imposes great physio-
logical and functional demands (Castagna et al. 2007).
However, in football, players are not the only ones on the
field: referees are also present in order to make sure that the
game develops correctly and with the fewest incidents possible
(Schenk et al. 2018). This responsibility means that referees
must keep up with the match intensity requirements in order
to maintain a good position to detect possible infractions
(Fernandez-Elias et al. 2017). Therefore, during a match, refer-
ees perform repeated short periods of high-speed running
interspersed with longer recovery periods of lower intensity
(Castagna et al. 2007). The referee’s activity during the match
is related to the competitive involvement of the players during
the playing time (Fernandez-Elias et al. 2017). Previous studies
have shown a similarity between the activity of professional
players and that of referees (Costa et al. 2013) when measured
using a GPS device, one of the most commonly-used techni-
ques for the study of physical performance (Suarez Arrones
et al. 2014).

There are also studies that show that referees cover between
10 and 12 km per game, with a heart rate (HR) at between 85%
and 90% of their maximum HR (HR,ax), and that they cover

about 15% of the total distance (TD) at high speed (>
18 km-h™") (Castillo et al. 2017, 2019), while referees in Serie
A and B matches in the Italian league cover approximately
11 km per game (D’Ottavio and Castagna 2001). In addition,
the maximum speed recorded in official matches is around
29 km:h™" (Castillo et al. 2016; Sanchez-Garcia et al. 2018).
A referee is subjected to high loads and can therefore become
fatigued and/or injured (Riiser et al. 2019). Despite this, there is
little information about the physical performance of profes-
sional referees in this sport, as only a few researchers have
studied this, with studies having been done in the English
Premier League and Championship (M. Weston et al. 2011)
and in the Danish leagues (Krustrup and Bangsbo 2001).
Authors have reported that football match intensity is cor-
related with the level of competition (Mohr et al. 2003).
Referees have periods of high-intensity running during
matches (M. Weston 2015), and as a consequence it is possible
that they may experience fatigue, which has been shown to
have a negative effect on physical performance (Castillo et al.
2018b; Riiser et al. 2019). It has been shown that the distance
covered at high intensity and the total distance covered in the
first 15 minutes of the first half of a game are greater than these
distances in the first 15 minutes of the second half (M. Weston
etal. 2012). Fatigue therefore needs to be tracked by evaluating
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performance and physiological impact during matches
(Krustrup et al. 2010). Nevertheless, referees must be in excel-
lent physical and psychological shape so that they can respond
to the demands of the game at each moment of the match
(Castillo et al. 2016, 2019).

A comprehensive understanding of the physical demands of
match-play in referees is necessary in order to apply
a systematic approach to training and testing protocols.

However, the physical demands on referees in England and
Denmark may be different from the physical demands on refer-
ees in Spain because of contextual variables. Taking into
account previous research, the outstanding achievement of
this study is that it can provide values for the physical perfor-
mance of professional referees in two categories.

Therefore, the aim of this study is to analyse the external and
internal load of professional Spanish football referees during
matches, and to compare the physical demands between
halves and between referees in different categories.

Methods
Experimental approach

Subjects

Forty professional football referees (age 35.88 + 4.36 years,
body mass 75.15 + 4.41 kg, height 182.45 + 4.62 cm) partici-
pated voluntarily in this prospective observational study.
Among these, 19 refereed in the first division (age
37.80 + 4.36 years, body mass 75.11 = 4.49 kg, height
182.74 + 5.74 c¢cm) and 21 in the second division (age
3414 + 3.64 years, body mass 75.18 = 4.46 kg, height
182.16 £ 4.15 cm). All the participants belonged to the
Technical Committee of Referees (CTA) of the Royal Spanish
Football Federation (RFEF). All the referees had at least 10 years
of refereeing experience, with a minimum of four years in the
Spanish national competition. All trained at least five times
a week, focusing on strength, endurance and speed, and they
normally refereed one match each weekend. All referees work-
ing in the first and second divisions participated in the study,
but two were excluded from this study because of problems
with the GPS devices. Also, matches that were not completed
(that did not continue for at least 90 minutes) were excluded
from the study. Before starting the study, all the subjects were
fully informed about the study procedures, and signed
a written informed consent form approved by an Ethics
Committee (number CIPI/045/16), in accordance with the
recommendations of the Declaration of Helsinki.

Procedures

A descriptive observational study was carried out to analyse the
match load demands (internal and external) on referees in
professional football during official matches.

The data were collected during 419 official professional
matches during the 2019/2020 season. Before recording data
during a match, each referee completed a standardised warm-
up, consisting of 15 minutes of jogging, active mobility,
strength and proprioception exercises, active stretching and
high-intensity actions. However, these data were not included
in the overall analysis. Also, the between-halves interval data

(15 minutes) were excluded from the analysis. The matches
were held on different football fields, but the dimensions and
surfaces of the pitches were similar. During all the match-play
sessions, the referees were monitored using a portable GPS
device (Wimu ProTM, RealTrack Systems, Spain), and the data
were analysed using SPRO™ software 977 (RealTrack Systems,
Almeria, Spain) (Castillo et al. 2018a). To avoid inter-unit error,
each referee wore the same GPS device during the whole study
period. All referees included in the data analysis officiated for at
least 90 minutes per match. At the end of each of the matches,
the data were downloaded to a computer in order to carry out
the subsequent analysis of the different variables being stu-
died. A week before recording their first match, each referee
was familiarised with the GPS device.

Match analysis

External match load

The external measurements were recorded using the GPS
device (Mallo et al. 2010; Castellano et al. 2014) operating at
a sampling frequency of 18 Hz (Castillo et al. 2018a; Granero-Gil
et al. 2020). These devices have shown a good level of accuracy
and validity for assessing external load in official competitions
(Hernandez-Belmonte et al. 2018).

According to the manufacturer’'s recommendations, all the
devices were activated 15 minutes before data collection to
allow the acquisition of satellite signals and synchronisation of
the GPS clock with the satellite’s atomic clock. For the calcula-
tion of the different data based on the GPS signal, SPRO™
software was used.

The participants wore a tight-fitting bib into which the GPS
device was inserted, on the upper back, before the match. The
variables used were classified according to the following arbi-
trary categories, similar to those used in previous studies
(Castillo et al. 2019): total distance covered (m), distance cov-
ered at various speeds (km-h™"), total number of accelerations
(ACC) (n) and total number of decelerations (DEC) (n) (where an
acceleration or deceleration is deemed to be any increase or
reduction in speed that means passing or descending from the
zero axis), peaks of ACC and DEC (m-s2), maximum speed
(km-h™", and total sprint distance (m). The distance covered
at different speeds was collected based on different locomotive
categories comprising six zones: low-speed walking (0-6 km-h-
~1); walking (6-12 km-h™"); low-intensity running (12-18 km:-h-
~1); high-intensity running (18-21 km:h™"); high-speed running
(21-24 km-h™"); and sprinting (> 24 km:h™"). These zones are
similar to those used in other studies (Castagna and Castellano
Paulis 2011; McBride et al. 2011; Castillo et al. 2019).
Movements at over 18 km-h™" were grouped together and
identified as high-intensity running.

Internal match load

Internal load measurements were collected using the heart rate
(HR) (HRmaxs HRmean and HRe)) (bpm) during the matches, using
a Garmin band (Garmin Ltd., Olathe, Kansas, USA) that was
synchronised with the GPS device via Ant+ technology. The
rated perceived exertion (RPE) was also recorded (Losnegard
et al. 2013) on a scale from 1 to 10 (1 being no effort and 10
maximum effort).



Statistical analyses

For the statistical analysis, the IBM SPSS Statistics version
25.0 software for Windows (SPSS Inc., IL, USA) was used. The
results are presented in the form of text, tables and figures,
presenting the mean + standard deviation. To test the
normality distribution and the homogeneity of variance,
the Kolmogorov-Smirnov and Levene test, respectively,
were used. The results showed that the data were normally
distributed and displayed homogeneous variance. All the
analyses were performed using linear mixed models to ana-
lyse the differences in the performance variables between
the first and the second halves (for both the first and
the second divisions) and between the first and second
division. The referee identity was introduced and modelled
as a random effect to control the repeated measurements.
The confidence level was established at 95%, with values of
p < 0.05 considered to be statistically significant.
Furthermore, differences were also studied using the stan-
dardised effect size differences (ES) using Cohen’s coeffi-
cient (Cohen 1992). The ES was interpreted as follows: <
0.2 = negligible; 0.2-0.6 = small; 0.6-1.2 = moderate; >
1.2 = large.

Results

A total of 419 games were recorded, with 181 first division
games and 238 second division games. The analysis of the
variance between the physical and physiological demands for
the first and second division referees during the matches indi-
cates that there was a lower mean HR (-7.07 bpm; 95% ClI:
—9.86 to —4.29; ES: 0.59) and lower RPE (-0.60; 95 Cl: —0.94 to
—0.26; ES: 0.45) in the first division referees (p < 0.05) (Table 1).

Table 1. Distance covered, heart rate and load indicators during the match in first
and second division referees.

First division Second division p value ES

Total distance 10,417.50 + 860.09 10,420.36 + 729.10 0.786 0.00
(m)

Accelerations  2813.02 + 27466 2738.89 + 265.56 0.123 0.27
(n)

Decelerations  2813.16 + 27449 273885 + 265.83 0.122 0.28
(n)

Accelerations 5720 + 474 56.62 =+ 5.00 0.540 0.12
(n-min™")

Decelerations 5721 + 473 56.62 + 5.01 0.536 0.12
(n'min™")

ACCnax 463 + 094 443 + 065 0.070 0.25
(ms™)

DECimax -536 + 0.80 -519 + 064 0.122 0.24
(ms™)

Sprint 21298 + 121.08 209.07 <+ 105.51 0.856 0.03
distance
(m)

Sprint 1001 + 543 9.88 + 4.57 0.887 0.03
distance (n)

Vimax (km~h_1) 2876 =+ 2.06 2856 =+ 1.82 0.517 0.10

HRmax (bpm) 17160 + 9.15 17959 + 8.91 0.057 0.89

HRmean (bpm) 146,63 + 11.79 153.70 + 12.00* 0.045 0.59

HRmean (%) 8326 + 534 8296 + 585 0.859 0.05

RPE 722 1.38 782 + 1.27* <0.001 0.45

* Significant differences between first and second division referees (p < 0.05);
ACCp 2 Maximum accelerations; DEC,.,c Maximum decelerations; HR: Heart
rate; Vmax: Maximum speed; RPE: Rated of perceived exertion.
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No significant differences were identified between the first
and second division referees in the rest of the variables
(p > 0.05).

The total distance covered was similar between the cate-
gories (p > 0.05). However, the distance covered in the different
speed ranges was significantly different between the first and
the second division referees (p < 0.05). Specifically, the second
division referees covered a greater distance during the matches
during low-intensity running (12-18 km-h™") (+211.70 m; 95%
Cl: 103.25 to 320.16; ES: 0.42) and running at high intensity (18-
21 kmoh™") (+63.38 m; 95% Cl: 30.99 to 95.78; ES: 0.42) than the
first division referees. However, the first division referees had
lower results than the second division referees for walking
distance (+373.07 m; 95% Cl: 259.15 to 486.99; ES: 0.70).
Walking (6-12 km:h™"), high-speed running (21-24 km-h™")
and sprint distances (+24 km-h™") were similar between the
first and second divisions (p > 0.05) (Figure 1).

The physical performance of the referees was reduced dur-
ing the second halves of the matches (p < 0.05) (Table 2).
However, the first division referees showed an increase in the
number of accelerations (+84.01; 95% Cl: 48.09 to 119.94; ES:
0.57) and the number of decelerations (+84.30; 95% Cl: 48.37 to
120.24; ES: 0.57) in the second halves. Similar results were
demonstrated for the second division referees (p < 0.05). The
main reductions in physical performance between the first and
the second halves were shown in the second division referees
(p < 0.05). Maximum deceleration (=0.17 m-s™2; 95% Cl: —0.30 to
—0.03; ES: 0.25), sprint distance per minute (—0.53 m-min~"; 95%
Cl: —1.08 t0 0.02; ES: 0.19), Vinax (km-h™") (-0.36 km-h™"; 95% Cl:
—0.75 to 0.03; ES: 0.18), HRiean (—3.22 bpm; 95% Cl: —5.85 to
—0.59; ES: 0.25) and HRnean (—1.71%; 95% Cl: —2.99 to —0.43; ES:
0.27) were significantly lower in the second halves of the
matches (p < 0.05).

No significant differences were identified between the first
and second halves for the distances covered in the different
speed zones (p > 0.05) (Figure 2). Only the walking distance (0-
6 km-h™") was significantly greater in the second half, in both
the first (+76.92 m; 95% ClI: 7.80 to 146.05; ES: 0.22) and
the second (+66.27 m; 95% Cl: 13.22 to 119.32; ES: 0.29) divi-
sions (p < 0.05).

Discussion

The aim of this study was to analyse the external and internal
load of professional Spanish football referees during matches.
Referees of different categories (in the first and second divi-
sions) were included to analyse the influence of these cate-
gories on the physical demands. This is the first study to
quantify the physical performance of Spanish football referees
from the first and second divisions. The main findings were that
referees from the first division had higher physical demands
with a lower RPE during the matches. Regarding the influence
of fatigue, the second division referees revealed a lower num-
ber of high-intensity actions in the second halves of the
matches.

In relation to the external load, the results of this study
showed that referees from the first and second divisions cov-
ered a similar total distance during matches. This agrees with
another study (Castillo et al. 2019) of 44 football match officials
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Figure 1. Activity profile during the match in first and second division referees, expressed as the total distance covered in different speed zones, including low walking
(<6 km.h-1), walking (6—12 km.h-1), low intensity running (12-18 km.h-1), high intensity running (18-21 km.h-1), high speed running (21-24 km.h-1), and sprinting (>
24 km.h-1). *Significant differences between first and second division referees for a given variable (p < 0.05).

from the Spanish national third division that reported a total
distance of 10,091.12 £ 794.06 m, which is comparable to the
distances recorded in this study. Furthermore, this study
showed that the distance covered in the two halves is similar
for both first and second division referees. Recently, Costa et al.
(2013) and Krustrup et al. (2009) demonstrated a similarity in
the distances covered in both halves, while Weston et al. found
that referees covered less TD during the second half of the
match (Krustrup et al. 2009; M. Weston et al. 2007).

Although the match time is very similar in both halves, there
is usually longer added time in the second half. Thus, it would
have been convenient to have calculated the total distance
per minute to investigate the effect of the additional time on
the physical performance of the referees (Costa et al. 2013;
Ferndndez-Elias et al. 2017; Castillo et al. 2019).

The results for RPE shown in this study were similar to those in
other research such as the values reported by referees during
Premier League matches (7.8 + 0.8) (Weston et al. 2006). The
results for the mean HR and RPE were lower in the first division,
since the second division referees probably have a lower mean
age, and these data are different from other studies (Costa et al.
2013).

Comparing the distance covered whilst in the different speed
zones, this study showed that the second division referees cov-
ered a greater distance in low-intensity running (12-18 km-h™")
and high-intensity running (18-21 km-h™") compared to the first
division referees. However, other studies have shown that refer-
ees who officiated in matches in the Spanish national third
division cover shorter distances at high intensity (>18 km:h™")
(Castillo et al. 2019). This finding suggests that the physical
requirements of first division games are different from those
of second division games. Meanwhile, few differences were
found when comparing the halves in each category, with
a difference seen only in walking distance (0-6 km-h™"), which
was higher in the second half of both the first and the second
division matches. Other studies have not shown differences in

the first and second halves based on the distances covered at
different speeds (Fernandez-Elias et al. 2017), possibly due to the
fatigue caused by the game. However, Fernandez-Elias et al. used
different speed zones from those used in this study, so these
results must be interpreted cautiously.

Likewise, in the present study, the accelerations and decel-
erations were analysed based on the total numbers and peaks,
while in other studies they have been analysed based on
a range of degrees (low, moderate, high, and very high ACC
and DEC) (Castillo et al. 2019). In this study, we found that there
were higher numbers of ACC and DEC, both total and peak, in
the first division referees, but these differences were not sig-
nificant. Previous studies have shown that there are no differ-
ences in very high ACC and DEC between field and assistant
referees (Castillo et al. 2019). Furthermore, looking at ACC and
DEC in the first and second halves shows that an increase is
only found in the ACC and DEC of the second halves for the first
and second division referees, perhaps due to the contextual
variables of the match. These results suggest that the longer
duration of the second halves, caused by substitutions, could
be the reason for the greater numbers of ACC and DEC. There
are no studies that have studied ACC and DEC in referees in this
way; however, Akenhead et al. observed the distance covered
by football players in defined ACC and DEC during elite match-
play (Akenhead et al. 2013), and Russell et al. showed the total
number of high-intensity ACC and DEC for each half in football
players (Russell et al. 2016).

Finally, speed has been studied in other areas of research, in
which it has been shown that there are no differences in the
maximum speed between the first (26.0 + 2.6) and the second
half (26.5 + 3.2) (Fernandez-Elias et al. 2017). Similar results are
seen in this study, since there are no differences between the
halves in the first and second divisions, nor between the cate-
gories, but the maximum deceleration, V,,.x and sprint distance
per minute was lower in the second half for the second division
referees.
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Table 2. Distance travelled, heart rate and load indicator values in the first and second half of the match for first and second division referees.

First division Second division
First half Second half pvalue ES First half Second half p value ES
Total distance (m) 518211 £ 449.06 526491 <+ 45462 0.068 0.18 521956 + 37049 521510  462.99 0.921 0.01
Accelerations (n) 136766 + 161.88 145167 + 13459* <0.001 0.57 1333.00 =+ 13259 1410.12+ 15535* <0.001 0.54
Decelerations (n) 136758 + 161.69 1451.88 =+ 13451* <0.001 057 133294 =+ 13250 141011+ 15573* <0.001 0.54
Accelerations (n-min") 28.27 + 2.69 28.85 + 2.35 0.051 0.23 28.09 + 2.60 2853 = 2.70* 0.017 0.17
Decelerations (n-min™") 28.27 + 2.69 28.86 + 2.35*% 0.049 0.23 28.09 + 2.60 2853 = 2.71* 0.017 0.17
ACCrax(m-s ) 4.26 + 070 4.25 + 0.96 0928  0.01 418 + 056 411 £ 0.64 0.178 0.3
DECnax (ms™2) -5.02 + 0.79 -4.93 + 0.81 0.335 0.11 -4.93 + 0.72 -4.76 + 0.61* 0.007 0.25
Sprint distance (m) 10762 = 7122 106.18 7213 0.826 0.02 10823 * 66.01 101.20 = 62.42 0.205 0.11
Sprint distance (n) 5.02 + 3.14 5.03 + 3.09 0.999 0.01 5.21 + 2.96 468 + 261* 0.030 0.19
Vinax (kmh ™) 2779 221 2771 £ 221 0732 004 2785 + 196 2749 £ 202 0041 0.18
HRmax (bpm) 17018 =+ 9.42 169.41 + 9.15 0.221 0.08 17835 =« 9.15 176.69 = 13.03 0.074 0.15
HRmean (bpm) 14712 = 1175 146.23 14.30 0.360 007 15528 = 11.64 15206 +  14.14* 0.001 0.25
HRmean (%) 83.57 + 5.68 83.03 + 6.66 0.439 0.09 83.83 + 5.76 8212 = 7.00* 0.004 0.27

* Significant differences between the first and second half; ACCp,a: Maximum accelerations; DECp,5,: Maximum decelerations; HR: Heart rate; V. Maximum speed.
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Figure 2. Activity profiles of the referees, expressed as the total distance by speed zone during the first and second half of the match. *Significant differences between
referees and for each variable in the first and second half of the match. (p < 0.05).
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The internal load in this study was recorded using HR,,, and
HRmeans While other articles have analysed it by grouping it into
zones (Costa et al. 2013; Fernandez-Elias et al. 2017; Castillo et al.
2019). In our study, we found that HR,ean (bpm) is lower in the
first division than in the second, while, as seen from other areas
of research, third division referees show even higher values than
those in the second division. This is probably due to the mean
age of the referees in each division, since the mean age of first
division referees is higher than that of other referees. HRean
(bpm) and HR ean (%) were lower in the second division referees
in the second halves. Some authors have found that HR,,,x does
not vary between the first and second halves (Costa et al. 2013),
and other researchers have shown that HR..., decreases in
the second half of the match (Ferndndez-Elias et al. 2017).
Looking at the HRean, there are studies in which this variable
is reduced (Costa et al. 2013) and others in which it is increased
(Fernandez-Elias et al. 2017) in the second half of the match.

The main limitation of this study was that no contextual
variables were included in the analysis. The age of the referee,
the kind of match, and the moment in the season could influ-
ence the physical demands on the referee, so more research is
necessary to analyse these variables. However, the number of
games was sufficient to perform statistical comparisons of the
sample, and this is the first research that includes referees in
different divisions. In addition, all the matches were studied
and both physical and physiological variables were evaluated,
with no limitations in this regard.

Conclusion

In conclusion, the results of this study reveal that referees from
the first division had higher physical demands, with lower RPE
values, during matches than referees officiating in the second
division. In addition, the second division referees showed
a decrease in the number of high-intensity actions in
the second halves of their matches. Based on the present
findings, professional referees require specific training.

Practical applications

All this information could be useful for training staff when
trying to manage the load for professional referees in
a systematic way. Specifically, these results can help to adjust
training loads and to establish tasks during training according
to the evolution of the physical requirements of each match
and referee category. Our data also provide useful and practical
information for training staff when planning tournament sche-
dules, as well as for preparing match and recovery strategies.
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