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This study examined the physical demands experienced by top-class assistant referees during
high-standard football matches. Computerized
match analyses and heart rate recordings were
performed on 18 international assistant referees during the FIFA Confederations Cup 2005.
Total distance covered averaged 5752 ±554m,
of which 34% was covered at a high-intensity
(>l3km-h~1). Sidewards movements representad 30% of total match distance. Both total
distance (r=0.67; P<0.01) and high-intensity
activities (r=0.52; P<0.05) were related to the

Introduction

displacements of the ball in the same match. The
distance covered by high-speed running in this
tournament was 255% greater (P< 0.001) than
that covered during the under-17 World Championship 2003. Mean heart rate during the game
was 140±11 b'min"1 (78±4% HRmax). Mean
heart rate during a 5-min interval of the match
was related in part (r=0.31; P<0.001) to the
amount of high-intensity activities performed
within the same match-period. The results of this
study show that the physical demands imposed
on assistant referees ai"e influenced by the movements of the ball and the standard of the competition.

Nevertheless, the determination of these kinematical and cardiovascular parameters has been
The activity profile and physiological strain carried out independently. It rematas uncertain
imposed on football refei'ees have attracted if there is a relationship between the movement
more and more interest over the last years patterns and the cardiovascular response in
[8,9,14,18,23,25]. Surprisingly, little attention assistant referees. If this was the case, the use per
has being paid to the physical requhements of
se of heart rate monitoring during a match could
assistant refereeing. Referees governing bodies help predicting the global intensity of any match
have traditionally grouped together assistant ref- performance and developing training proerees with referees for training and testing pur- grammes specific to the demands experienced
poses. Howeveí", recent studies [13,15,19] have during the game.
shown that they should be considered as an inde- The physical performance of football players and
pendent population because of the unique physi- referees during a match can be affected by a varical demands they are exposed to during ety of factors such as fatigue [4,6,20], the level of
match-play.
the players [7,16,20,25] or the playing style of
Using different match analysis computerized sys- the teams [21,26]. To date, the kinematical
tems, Krustrup etal. [15] and Mallo etal. [19] demands placed on assistant referees have only
reported that assistant referees covei'ed around been examined during domestic Danish league
6-7 km during a match, with 16-20% of this dis- games [15] and top-level under-17 matches [19].
tance covered by high-intensity activities. The It is stil'l unclear to what extent the participation
use of heart rate monitors is a widely extended of top-level football players would affect the
tool to determine the exercise intensity in a vari- physical response of the assistant referees. It
ety of sports [2] and have been employed by would be expected that offlciating at a higher
assistant referees during real match-play, with a competitive level would raise the kinematical
mean heart rate of 137-140 b • min"1 (77 % of the demands of assistant referees to keep up with the
individual maximal heart rate: HRmax) [12,15], game and to judge the play from the most appro-

priate viewing angle. Additionally, Mallo et al. [17] found a relationship between the movements of the ball and the distance
covered and high-intensity activities performed by the referee
within the same match. It would be of interest to determine if
this was the case also for the assistant referees.
Thus, the aim of the present study was to examine and synchronize the kinematical and heart rate response of top-level assistant referees during an international high-standard sénior FIFA
tournament. An additional purpose was to investígate the effect
of the level of the competition and the displacements of the ball
on the kinematical performance of the assistant referees.

Methods
Participants

Eighteen top-level male assistant referees of mean age
38.67 ±4.75 years, mean height 1.77±0.07m and mean body
mass 75.11 ±8.63 kg participated in the study. All of them were
licensed by the Fédération Internationale de Football Association (FIFA) and had an average of five years of experience at
international level. Written consent from the Referee's Committee and from all the subjects was obtained prior to participation
in the study after an explanation of the nature of the research.
Experimental design

ging (7.21-13km-h^); (iv) cruising (13.01-lSkm-lr 1 ) and (v)
high-speed running (>18km-h_1). The movements performed
at speeds exceeding 13km'h _1 were entitled as high-intensity
activities. The displacements were also classified into forward
and sidewards movements for further analysis. Performance
throughout the match was computed in 5-, 15- and 45-min
intervals.
All the offside situations indicated by the assistant referees during the match were analyzed at a frame rate of 25 Hz. In the
frame in which the offside occurred, that is, when the ball was
passed by the attacker, the position of the assistant referee and
the second-last defender were digitized on the screen and the
horizontal distance between both positions calculated. This second-last defending player determines the theoretical offside line
and the FIFA Referee's Committee encourages assistant referees
to be as cióse as possible to it in order to be able to follow the
play and judge precisely these offside situations. When the
assistant referee was behind the offside line these distances
were considered as negative valúes. On the other hand, when
the assistant referee was moving ahead of the second-last
defender these distances were measured as positive valúes.
Previous research [19] has reported the validity and reproducibility of this method for match analysis. The Root Mean Square
error [3] for reconstructed distances between two points was
less than 2%. When the distance covered by sportsmen who followed typical movement patterns of assistant referees during a
match at paced speeds was compared to the one that was reconstructed with the actual photogrammetric technique, differences were not significant (P>0.05) and less than 2% [19].
Specifically, the difference for the high-speed running category
was 1.61%, whereas for the intermittent exercise category
(reproducing match-day activity ratios) was 0.5 %. No differences
(P>0.05) were detected in the intra- and inter-rater reliability
tests, with total differences in the kinematical data always being
less than 1 %.

All measurements were carried out in a two-week period during
the FIFA Confederations Cup held in Germany in June 2005. The
kinematical activity of 18 assistant referees was determined in 9
matches of the tournament, whereas 22 match observations
were obtained from monitoring the heart rate response. Both
the kinematical parameters and the heart rate responses were
simultaneously recorded in 14 officials.
The data from this study were compared with those obtained
during the FIFA under-17 World Championship 2003 [19] that
embraced 24 match observations performed on top-class assistant referees (34.03+2.93 years; 1.76 + 0.07 m; 73.32 + 7.95 kg). . Heart rate
The same methodology for match analysis was employed in both Heart rate was recorded at 5-s intervals during the matches
tournaments.
using Polar Team System (Polar Electro Oy, Kempele, Finland)
heart rate monitors. At the end of the match the data were
downloaded to a computer and processed using the Polar PreciMatch analysis
The matches werefllmedusing three JVC GY-DV500Eflxedcam- sión 3.0 software (Polar, Kempele, Finland). The heart rate data
eras positioned in the last row of the main stand of the stadiums were expressed in relation to the individual HRmax and, after
and the videotapes were later replayed, synchronized and stored Helsen & Bultynck [13], classified into the following categories:
on the hard-disk of a computer. Computerized analysis of the (i)<65% HRmax; (ii) 66-75% HRmax; (iii) 76-85% HRmax; (iv) 86frames was carried out and the vertical projection of the assist- 95% HRmax; and >95% HRmax. The indivual HRmax was deterant referee's center of mass was indicated with the mouse on the mined as the peak valué reached in any match, training session
computer screen at a frame rate of 1 Hz. [18,19]. The position of and fitness test carried out by the assistant referee.
the ball, where it was on the ground, was also digitized during
the match. Whenever the ball was played in the air, the ball was Statistical analysis
not digitized and only the initial and final positions were indi- Data are reported as means ± standard deviation (SD). Differcated on the screen. This allowed the calculation of the horizon- ences between two means were tested for significance using
tal distance between both positions. After digitizing the dependent r-tests. Differences between the physical performcalibration system for each of the cameras, two-dimensional ances in 5- and 15-min intervals within the match were evaluDLT-based algorithms [1 ] were used to transform the screen dis- ated using repeated measures analysis of variance (ANOVA).
played units to metres. These coordinates were smoothed using When a significant interaction was detected, data were subsequintic-spline functions with the Cross-Generalized Validation quently analyzed using a Newman-Keuls post hoc test. For the
procedure as a means of evaluating the adjustment factor [27]. analysis of match activities, heart rate response and match
The displacement and speed of the assistant referee were calcu- standard, two-way repeated measures ANOVA were performed.
lated from the spline polynomial functions and classified into When a significant F-value was found, Bonferroni's post hoc test
the following locomotive categories [based on 18]: (i) standing was applied. Correlation coefficients were determined and
still (O.eOkm-lr 1 ); (ii) walking (3.61-7.20km-h_1); (iii) jog- tested for significance using a Pearson's product-moment test.

Table 1

Distance covered (m) by different match activities during both

halves of a match (mean±SD).
First Half

Second Half

standing still

411 ±39

397±40

walking

683 + 73
844±115

685±105
763 + 119*

Overall
808+70
1368±144
1608±211

jogging
489±116
433 + 70*
922 + 158
cruising
547 + 188
500 ±207
1047 ±342
high-speed running
2973±343
2779±303
5752±554
total
*Significant difference (P<0.05) from first half. *S¡gn¡ficant difference (P<0.01)
from first half
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Fig. 1 Distance covered (a) a t different speeds and (b) by sidewards
movements during t h e FIFA under-17 W o r l d Championshlp 2003 (dark
bars) and t h e FIFA Confederations Cup 2 0 0 5 (light bars). *Slgnificant
difference (P<0.01) f r o m under-17 W C . $ Signif¡cant difference (P<0.001)
f r o m under-17 WC. SS=Standing Still, W = W a l k i n g , J=Jogging,
C=Cruising, HSR=HIgh-speed running, SW: Sidewards m o v e m e n t s .
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Fig. 2 a Individual relationship between distance covered by t h e
assistant referee and by t h e ball during t h e m a t c h , b Individual
relationship between high-intensity activities p e r f o r m e d by t h e assistant
referee and distance covered by t h e ball during the m a t c h .

Match standard

Signiflcance was chosen at P<0.05 for all the statistical tests. The The distance covered at different speeds during the under-17
meaningfulness ofthe difference between two means was deter- World Championship 2003 and the Confederations Cup 2005 is
mined by the effect size ((mean 1-mean 2)-SD~1) [24]. All the presented in O Fig. 1a. The results of the two-way ANOVA
calculations were carried out with the software Statistical Pack- revealed an effect for match standard (F1?40=4.60; P<0.05) as
age for the Social Sciences (SPSS 13.0).
assistant referees covered greater distance in the youth
(6137±539m) than in the sénior championship (5752±554m).
Additionally, the two-way ANOVA yielded a match standard x
period interaction (F4il60=61.46, P<0.001). From O Fig. la it is
Results
clear than the assistant referees covered greater distance at low
(standing still and walking; P<0.001; effect size: 5.98 and 2.81,
Distance covered
The mean distance covered during a match was 5752±554m. respectively) and médium (jogging; P<0.01; effect size: 1.11)
During the first half the assistant referees covered a greater dis- intensities during the under-17 World Championship, whereas
tance (P<0.05; effect size: 0.60) than in the second 45-min of they ran further at high speeds (P<0.001; effect size: 2.48) during the Confederations Cup. Distance covered by sidewards
the match: 2973+343 vs. 2779 ± 303 m, respectively.
movements was greater (P<0.01; effect size: 1.09; o Fig. Ib) in
the under-17 World Championship than in the Confederations
Match activities
O Table 1 summarizes the distance covered by different match Cup.
activities, according to the speed of the displacements. The
results ofthe two-way ANOVA detected an effect for the activity Distance covered by the ball
category (F4i68 = 52.54; P< 0.001) and for the match period There was no difference (P>0.05). regarding the distance trav(Flil7 = 6.00; P<0.05). In the second half ofthe match the assist- elled by the ball in both halves ofthe match, as the ball covered
ant referees decreased the distance covered by jogging (P<0.01; 11009 + 1735 and 10706±1096m during the first and second
effect size: 0.69) and cruising (P<0.05; effect size: 0.58). On half, respectively. The distance covered by the assistant referees
average, the assistant referees stood still for 48.3±3.4%, walked was related (r=0.67; P<0.01; O Fig. 2a) to the distance covered
for 24.6+2.6%, jogged for 16.6+1.8%, cruised for 6.1 + 1.1% and by the ball in the same match. In addition, the amount of highran at high-speeds for 4.4 ± 1.4 % of the total playing time.
intensityactivitieswerealsorelated(r=0.52;P<0.05; O Fig.2b)to
Sidewards movements amounted to 29.7±4.7% (1706±177m) the distance travelled by the ball.
of total match distance, with no differences (P>0.05) between
the two halves.
Distance from offside situations
A total of 35 offside situations were observed and replayed for
further analysis. The absolute mean distance to the offside line
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Fig. 3 Percentage of time spent at difFerent intensities (¡n relation to
individual HRmax) during the first (dark bars) and second (light bars) halves
of the match. *Significant difference (P<0.05) from first half. *Significant
difference (P<0.01) from first half.

Fig. 4 Individual relationship between the mean heart rate (expressed
as %HRmax) and the amount of high-intensity activities performed within
the same 5-min interval of the match.

cular load of 78 % HRmax. However, almost 30% of match distance
was covered by sidewards movements. In addition, assistant referees were exposed to short periods of intense exercise as 10%
of match time was spent on cruising and high-speed running,
with 20% of the match exercising at intensities exceeding 85%
HRmax- Both total distance covered and high-intensity activities
performed during a match were related to the distance travelled
by the ball, suggesting the need of assistant referees to adapt to
the tempo of the game imposed by the players. The volume of
high-speed running performed during a match seems to be different for various levéis of competition. Altogether, this paramHeart rate
Mean heart rate during a match was 140±11 b-min"1, which eter characterizes best the physical performance capacity of
corresponded to 78 ±4% of the individual HRmax. The mean heart assistant referees. Finally, we observed a modérate relationship
rate decreased (P<0.01) from 143±13 to 137±11 b-min"1 between mean heart rate and high-intensity activities perbetween halves. On average, assistant referees spent 10.3 ±7.1 % formed within the same 5-min interval, which suggested that
of total match-time exercising at intensities below 65 % of indi- the monitoring of heart rate can be an additional variable to help
vidual HRmax> whereas 30.6 + 10.4% and 39.4±9.7% was spent to disclose the most intense periods of the match.
within 66-75 % and 76-85 % HRmax, respectively. The remaining Total distance covered by the assistant referees showed an aver1
playing time was spent between 86-95 % (19.2 ± 12.7 %) and > 96 %age valué of 5.8km, with a mean heart rate of 140 b-min" ,
HRmax (0.5±0.7%). O Fig. 3 provides an overview of the differ- which corresponded to 78% of the individual HRmax. These
ences between halves. The results of the two-way ANOVA yielded parameters are in line with the literature [12,15,19] but should
an effect for the activity category (F4i84=39.06; P<0.001) as well only be used as raw estimators of the global exercise intensity
as for the activity category x period interaction (F4t84=7.26; experienced when assistant refereeing. To better understand the
P < 0.001). In the second half of the game, while the assistant ref- requirements of the game it is essential to examine the activity
erees increased the time spent within<65% (P<0.05) and 66- profile, attending to the direction and the speed of the move75% HRmax (P<0.01), there was a decrease in the activities ments. Mean distance covered by sidewards movements was
performed at intensities exceeding 85% HRmax, that is within 1.7 km. This unorthodox mode of locomotion has been shown to
be more energy demanding than forward displacements [22]
86-95 % (P< 0.01) and >96%HRmax (P=0.06).
and it is essential to keep up with the offside line during competition
[15]. In relation to the speed of the movements, assistant
Individual relationship between heart rate and match
referees
covered, on average, 2.2, 1.6 and 2 km at Iowactivities
1
(<7.2km-h"
), médium- (7.21-13km-h"1) and highAn individual relationship was found between the mean heart
_1
(>13km-h ) intensities, respectively. These high-intensity
rate (expressed as a percentage of HRmax) and the amount of
activities were related in part to the heart rate recordings within
high-intensity activities performed by the assistant referee
the same 5-min interval of the match. The distance covered by
within the same 5-min interval of the match (r=0.31; P<0.001;
different match activities in the present study were compared
O Fig. 4).
with those reported in a previous study [19] carried out in a
youth top-level tournament (© Figs. 1 a, b). The Ievel of the competition had an important effect on the physical demands
Discussion
imposed on the assistant referees, as they had to run at highspeeds as much as 2.5 times further (effect size: 2.48) during a
The results of this study show that the overall physical demands
high-standard competition compared to a top-level under-17
imposed on top-class assistant referees during a match can be
tournament. This observation highlights the importance for
considered as modérate, as total distance covered during the
assistant referees to produce maximal and repeated activities to
FIFA Confederations Cup ranged 5-7 km with a mean cardiovaswas 0.64±0.49m. In 17 of the 35 situations the assistant referee
was behind the second-last defender, with a mean distance
of -0.50+0.43 m, whereas in the remaining 18 situations the
assistant referee was 0.78 ±0.51 m ahead of the offside line. The
assistant referee showed the tendency (P=0.091) to be farther
away from the offside line, at the moment of the pass, when he
was running ahead rather than behind the second-last
defender.

keep up with the pace of the game imposed by top-class players
that perform 28 and 58% more high-intensity running and
sprinting than modérate level players [20]. On the other hand,
sidewards movements were inferior in the Confederations Cup,
which could represent a movement strategy of top-class referees
to spare energy for the most demanding episodes of the match.
Distance covered and high-intensity activities performed by the
assistant referees were moderately related to the distance travelled by the ball within the same match. From a practical point
of view, this observation would mean that the style of play of the
teams had an effect on the physical demands imposed on the
officials, reinforcing recent studies [26] that have reported that
match activities of referees were partly related to those of the
players. While controlling the distance covered by the ball, it
would be of interest in future research to determine the speed at
which the ball is played, as this speed dictates the tempo of the
play and elevates the demands experienced by both referees and
assistant referees to follow the game. It is be reasonable to conceive that top-class players would play the ball at a faster speed
than modérate level players.
In addition to the level of the competition, the distance covered
by the ball and the match activies carried out by the players,
another factor that can affect the physical performance of the
assistant referees during a match is the development of fatigue
[15]. The assistant referees observed in this study showed a
decrease in total distance covered and mean heart rate after
halftime, whereas the amount of sidewards movements and
high-speed running was unaltered, which could suggest that
top-class officials seem to have developed skills to avoid physical
underperformance in the final stages of the match [9]. Additionally, we did not detect an impairment of performance after the
most intense episodes of each half. After reaching the 5-min
peak high-intensity activity of the match (48±10s) in the following 5-min interval the amount of this intense activity was
only reduced 4% (P>0.05) in relation to the mean of the match.
These results suggest that the alternative characteristics of the
play allows the assistant referee to partially recover when the
ball is played in the other side of the field. These strategies to
reduce the impairment of the kinematical performance are specially important when assistant refereeing at high-standard
competitions, where officials confront players that are full-time
professionals, around 10 years younger [5] and can be substituted when they become fatigued [20],
To be able to judge the offside positions assistant referees need
to adopt a critical point of view in the field [13]. In the present
study, we differentiated between when the assistant referee was
behind or ahead of the offside line at the moment the ball was
passed. On average, assistant referees were 0.64 m away from
the offside line, which is a closer valué than the 1.36m calculated during the under-17 2003 World Championship [19]. This
was probably due to the higher level of the officials involved in
the Confederations Cup. The assistant referee was nearer
(P=0.091) to the offside line when he was moving behind the
second-last defender rather than ahead. Furthermore, while
controlling the distance from the offside line, information
regarding the accuracy of the decisión is also highly relevant.
Investigations about the decision-making process both in referees [e.g. 10] and assistant referees [e.g. 11,13], related to their
positioning in the field, seems a future challenge for sports scientists, in order to gain greater understanding about the technical aspects of refereeing.

In summary, the present study shows that assistant referees
have to produce frequent bouts of sidewards movements and
high-speed running to follow the play. The physical demands
experienced by these officials are dependent on the level of the
competition and can be influenced by the distance covered by
the ball, that is, the style of play of teams. We found that during
high-standard competitive matches assistant referees have to
perform more high-speed running to keep up with the pace of
the game than when officiating top-level under-17 matches. In
addition, both the total distance covered and the amount of
high-intensity activities were related to the distance covered by
the ball during the match.
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