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Section III - Sports and Physical Activity

Physical Demands of Handball Referees: A Big Data Analysis
between the EHF Men's and Women's EUROs 2022

by
Demetrio Lozano 1, Antonio Carton-Llorente V¥, Virgilio Gilart-Iglesias 2,
Diego Marcos-Jorquera ?, Carmen Manchado 3*

Handball referees face significant physical demands during the games that can influence the accuracy of their
decisions. The aim of this study was to compare the movement profile of the referees during the men’s and women’s EHF
2022 EURO:s. A total of 60 referees were evaluated using a local positioning system which provided data on their total
distance, pace, accelerations, decelerations, and time spent in different speed zones. To automate the proposed
methodology, a system was designed based on three phases: 1) capture of information on the activities and the context of
the match through sensor networks, the LPS system and WebScraping techniques; 2) information processing based on
Big Data Analytics; 3) extraction of results based on a descriptive analytics approach. The analysis revealed that referees
in the women's tournament covered greater total and high-speed distances, but the accelerations were greater in the men's
championship. Despite these differences, the referees” running pace, analyzed in fixed 5-min time intervals, followed a
similar pattern across tournaments, identifying the first 10 min of play as the most demanding scenarios. These findings
highlight the importance of adapting physical training of referees according to the specific demands of each competition.
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Introduction
. ) functions, which are essential for correct refereeing
Handball is a dynamic and complex team decisions (Belcic et al., 2020; Blofs et al., 2022;
sport played all over the world, from the amateur Fernandes da Silva et al, 2010). While physical

to the top level. In this sport, the importance of the

i ! i i fitness alone does not ensure superior refereeing, it
referee is fundamental in ensuring fairness, safety

plays a crucial role in closely following the game,
and tactical development of the game. One of the

most important roles of referees in elite handball is
to enforce the rules of the game in an impartial and
consistent manner (Philippe et al., 2009; Warner et

especially during the most demanding phases.
Moreover, higher levels of physical and mental
stress have shown to significantly impact referees'
accuracy and the error rate (Castillo-Rodriguez et

al, 2013). Referees must be prepared to assess al., 2023; Fernandes da Silva et al., 2010; Morillo et
complex situations within seconds and make al,, 2017)
accurate decisions throughout the match. ' Of note, the European Handball

In most team sports, referees are exposed Federation (EHF) requires continental referees to

pass a fitness test (i.e., 20-m shuttle-running test) to
participate in its competitions (Leger et al., 1988).
This underscores the importance of adequate
aerobic fitness, specifying the last speed surpassed
of 8.5 km/h for women and 9.5 km/h for men

to significant physical demands during
competition, as they have to closely follow the
movements of players and the ball (Sabag et al.,
2023). Inadequate management of physical
demands can have a negative impact on cognitive
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(eurohandball.com). In this regard, physical fitness
of handball referees has been previously reported,
showing an average fat-free mass index of 19.9 *
2.6 kg'm?, the maximum HR of 187.2 + 11.1 BPM
(which was 98.1 + 4.6% of their calculated
maximum HR), maximum oxygen uptake (VOz2max)
of 44.6 + 6.1 ml/kg/min, and a peak lactate of 9.2 +
3.2 mmol-1" (Babity et al., 2022).

Although physiological match demands
that a handball referee must overcome seem to be
primarily of moderate intensity (96.4% of total
match time below HR2mmol), there exists match
phases of heavy (from HR2mmol until HR4mmol)
and severe (above HR4mmol) intensity (2.3 and
1.3%, respectively) that should not be overlooked.
Consequently, an extensive aerobic training
regime, averaging 4.3 + 2.0 hours per week, has
been deemed necessary for referees at the
continental and international levels (Babity et al.,
2022). Furthermore, a specific warm-up protocol
has been recently introduced to adequately
prepare the musculoskeletal system of EHF
referees for enduring the clusters of high-intensity
actions that occur during a handball match
(available at:
https://s7da33d36d31fa0le jimcontent.com/downl
oad/version/1691349406/module/18311555796/na
me/Referee%20Warm%20Up%20Program.pdf;
accessed on: 14 December 2024), stressing the
growing interest of international handball
federations in the physical preparation of their
referees as a key factor for injury prevention.
However, few studies to date have analysed the
most demanding phases (i.e., worst-case scenarios)
in handball, and all of them focused exclusively on
the physical demands of players (Carton-Llorente
et al., 2023; Garcia et al., 2022).

The integration of Local Positioning
System (LPS) technology by the EHF, in
collaboration with the Select® (Select Sport 1947:
Glostrup, Denmark) and Kinexon®'s tracking
system (Kinexon, Munich, Germany), has
revolutionized handball analytics. This system
enables the acquisition of vast volumes of real-
time, raw kinematic data for both players and
referees, significantly enhancing game analysis
and performance evaluation. This technology
reports accurate and valid data (Hoppe et al., 2018;
Serpiello et al., 2018) and has been used in research
on the physical demands of handball at different
performance levels (Carton-Llorente et al., 2023;
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Font et al.,, 2021; Garcia-Sanchez et al., 2023).
However, the proposed analyses require a large
amount of information to be processed from raw
and heterogeneous data sources and formats.
Therefore, it is necessary to propose a system that
homogenizes and automates this process in order
to obtain the information in a limited time and with
adequate quality. As a result, a modular and
integral architecture based on big data analytics
has been designed. This architecture allowed us to
analyse the physical demands of handball referees
by measuring total distance covered, the pace
(m-min?), time at different running speeds, and the
number of accelerations (both positive and
negative) during matches in two recent elite
championships.

This study aimed to compare the physical
demands on handball referees in high-level male
and female competitions and quantify the
locomotion worst-case scenarios in fixed 5-min
windows for both tournaments. It was also
hypothesized that the running pace of referees
during high-level matches would follow an
identifiable pattern. A better understanding of
these demands would help coaches and physical
preparation managers to design specific training
programs for referees that optimize performance,
improve their decision-making, and minimize the
risk of injury.

Methods
Participants

During 112 matches of the EHF Men's 2022
EURO and EHF Women's 2022 EURO, 60 referees
were assessed using a local positioning system
(®KINEXON) affixed to their upper body. Table 1
outlines the anthropometric characteristics and age
of the referees. The official statistical records
supplied by the EHF and routine monitoring of
referees during the competition (Figure 1, Data
Capture Layer) provided all data (14,630,160
records). This study was conducted following the
principles of the Declaration of Helsinki and
approved by the Institutional Review Board of the
University of Alicante, San Vicente del Raspeig,
Spain (protocol code UA-2020-09-10, approval
date: 2 November 2020). Informed consent was
obtained from all participants included in the
study.
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Measures

Each competition match tracking of the 3D
position data (x / y / z) of each referee was obtained
in real time using a portable inertial sensor
(Kinexon SafeTag, Precision
Technologies, Munich, Germany) that was
included in a top worn under the shirt and fitted
between the shoulder blades to avoid discomfort to
the referees. This device provides 9-axis inertial

Kinexon

data (accelerometer, gyroscope, magnetometer)
capable of recording accelerations/decelerations,
rotation, and yaw angles (roll, pitch, yaw) with a
refresh rate of up to 60 Hz. This instrument has an
adequate inter-device reliability (coefficient of
variation around 5%) for the analysis of physical
demands in team sports (Alt et al., 2020; Hoppe et
al., 2018; Manchado et al., 2021).

The following performance metrics were
measured for each referee during each match
according to the official EHF timekeeping: total
distance covered (m), pace (m'min-'), accelerations
(n), decelerations (n), changes of direction (n) and
time (s) spent in the following speed zones:
standing (<0.9 m-s), walking (1.0-1.9 m-s7),
jogging (2.0-3.9 m's™), running (>4.0 m-s™). The
pace was calculated as the ratio between distance
covered and playing time, and the running time
category also encompassed high-intensity running
(56.5-6.9 m-s) and sprinting (>7 m-s™), since such
high-intensity runs, although they do differ in
previous studies on player demands (Bélka et al.,
2016; Cardinale et al., 2017), hardly occurred
among the referees. Following the same criteria, all
acceleration changes greater than 2 m-s™ (positive
and negative) were considered in a single category
(referred to as "accelerations" from now on) and
changes in direction recorded were also added to
represent in a single value all high intensity
actions.

The Kinexon system operates by means of
triangulations between nine antennae located
around the handball court and connected to a
server, and ten reference antennae acting as
anchors. Setting, calibration and verification of the
LPS system in all championship facilities followed
the procedure described in the study by Manchado
et al. (2021).

The rest of the data necessary to perform
the physical demand analysis was collected from
the EHF website using WebScraping techniques.
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Design and Procedures

In order to obtain and compare the
physical demands of handball referees during
male and female high-level competition an
architecture based on Sensors Network, LPS and
Big Data Analytics was designed following the
methodology described in Figure 1.

For data processing, the collected data
were cleaned up and normalized before
proceeding to the processing phase (Figure 1).

Finally, in order to perform the subsequent
data analysis, we conducted the loading process
and all the information necessary for the study was
transformed into Excel format files using an input
format compatible with the statistical analysis tool.

Firmware and software versions employed
in this study corresponded to the latest update of
the aforementioned company (2019).

Statistical Analysis

Descriptive characteristics are presented as
means and standard deviations (SD). The Student's
t-test was conducted to evaluate a priori
differences between the referees in the male and
female tournaments. The Kolmogorov-Smirnov
test was performed to confirm data distribution
normality and the Mann-Whitney U test was
applied to evaluate between-group differences for
all studied variables. Therefore, the subsequent
descriptive analysis was presented as medians
(Mdn) and interquartile ranges (IQR). Effect sizes
for all pairwise comparisons were calculated using
U and Z values to estimate biserial correlation (r).
To gauge the strength of each relationship, we
employed a revised categorization for effect size
(negligible <0.2, small 0.21-0.6, moderate 0.61-1.2,
substantial 1.21-1.99, and exceedingly substantial
>2.0) as proposed within the field of sports sciences
(Hopkins et al,, 2009). Finally, mean and peak
demands for the analysed variables were averaged
for each of the 12 fixed 5-min time periods of a
handball game. The segmentation was performed
following the official playing time and only
recordings lasting > 270s (for each 300-s time
window) were included in the final analyses.

Results

The conducted analysis revealed that
referees' time-motion demands were different
between the EHF Men’s and Women’s EUROs
2022. Table 2 reports the differences in the referees’
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physical demands during the male and female
tournaments. The physical demands of referees by
speed zones are shown in Figure 2, while the
movement characteristics of referees in fixed 5-min
windows, both in average and peak demands, are
displayed in Figure 3. In addition, Table 3 reveals
the differences (in %) between average and peak

demands for the aforementioned 5-min fixed time
spans. Finally, Figure 4 shows the evolution of the
moving pace of referees over the 60 min of an
international match, differentiating between the
men's and women's EHF EURO 2022.

Table 1. Referees’ anthropometric characteristics (mean * standard deviation).

EHF Men’s EURO 2022

EHF Women's EURO 2022

Variable n =36 (m: 34; £:2) n =24 (m:8; £:16) p-value
Age (years) 404 +4.6 37.6+2.6 0.065
Body Height (cm) 183.3+7.2 1745+7.3 <0.001*
Body Mass (kg) 87.6+11.1 70.1+10.5 <0.001*
BMI (kg-m?) 26.0+2.6 229+2.1 0.004*

* Statistical differences between groups; m: male referees; f: female referees

Table 2. Comparative analyses in time-motion variables between
the EHF Men’s and Women's EUROs 2022.
EHF Men’s EURO 2022 EHF Women’s EURO 2022

Variable n =36 n=24 Diff(i/r()ence 8] p r
Mdn (IQR) Mdn (IQR) ’

Total distance (m) 4128 (697) 4471 (484) 83 650  0.001* 0.38S
Standing time (s) 429 (546) 285 (161) -33.6 285 0.023* 0295
Walking time (s) 2587 (573) 2172 (211) -19.0 217 0.001* 0468
Jogging time (s) 367 (94) 691 (209) 88.3 844 <0.001** 0.77M
Running time (s) 223 (62) 458 (78) 1054 820 <0.001* 0.83M

Pace (m'min) 68.7 (11.7) 74.1 (5.5) 7.9 606  0.009* 0.35S

Accelerations (n) 67 (36) 61 (21) -9.0 306 0066 022N

*p <0.05, * p <0.001; Mdn: median; IQR: interquartile range; Standing (<0.9 m-s™1); Walking
(1.0-1.9 m-s7); Jogging (2.0-3.9 m-s™1); Running (> 4.0 m-s7); S: small; M: moderate

Table 3. Worst-case scenario analysis of referees” physical demands during EHF men’s and women's
EUROs 2022. Comparison between average and maximum 5-min demands.
EHF Men’s EURO 2022 EHF Women’s EURO 2022

5-min average 5-min WCS Mdn 5-min average 5-min WCS Mdn

Variable Mdn (IOR) (IOR) Difference (%) Mdn (IOR) (IOR) Difference (%)
Total distance (m) 344 (78) 452 (53) 31% 367 (70) 469 (34) 28%
Running time (s) 19 (11) 38 (13) 100% 37 (14) 57 (5) 54%
Pace (m-min) 68.7 (11.7) 69.3 (15.8) 1% 74.1 (5.5) 76.7 (14.6) 4%
Accelerations (n) 5 (4) 11 (3) 120% 4(4) 10 (4) 150%
WCS: worst-case scenario, Running (> 4.0 m-s™)
Journal of Human Kinetics, volume 99, October 2025 http://www.johk.pl
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Figure 1. Methodology of the comprehensive handball system proposed.
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Figure 2. Time-motion analysis of handball referees during EHF Men’s and Women's
EURO:s, divided into speed zones. Average values (left) and worst-case
scenario values (right).

Average values Average values Average values Average values
600 80 120 20
1 H 70 . . ' 18 :
500 . 100 . 16 . .
o .
- % H o . .
& 400 g ~ 80 g .
» o 50 H g 2 12
g 8 : £ g
Z 300 on 40 £ 60 g 10
= El 3 g g
= 0 £ 30 & 8
g 200 & 40 <
20
100 - 20 ’ 4
10 - 2
g B 0 0 0
EHF Men’s ~ EHF Women's EHF Men's  EHF Women's EHF Men's  EHF Women's EHF Men's  EHF Women's
EURO 2022  EURO2022 EURO 2022  EURO2022 EURO 2022  EURO2022 EURO 2022  EURO2022
5-min worst-case scenario 5-min worst-case scenario 5-min worst-case scenario 5-min worst-case scenario
600 80 120 20
. 18 °
70 .
500 o 100 16
o 14
2 ~ 2
& 400 = ~ 80 C)
Y > 50 ) 2 15
g g & g -
£ 300 . T 40 g 60 £ 10
K o b}
E=) E=] 3 o}
= a & o 8
£ £ w0 g
S 200 & 6
20 °
4
100 20
10 5
0 0 0 - - 0
EHF Men's  EHF Women's EHF Men's  EHF Women's EHF Men's  EHF Women's EHF Men's  EHF Women's
EURO 2022 EURO2022 EURO 2022 EURO2022 EURO 2022 EURO2022 EURO 2022 EURO2022

Figure 3. Physical demands of handball referees during EHF Men's and Women's EUROs
2022. Average values (upper line) and maximum values (lower line).
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Figure 4. Physical evolution of the referee’s average pace during EHF Men's
and Women's EUROs 2022.

Discussion

This research is the first to compare the
physical demands of handball referees across two
top level international men's and women's
competitions. The main findings included
significant differences that were found in the
physical demands of referees between the male
and female tournaments, with the referees in the
female competition covering greater total and
high-speed distances, and with effect sizes ranging
from small to moderate (0.3-0.8). Additionally,
analysis of worst-case scenarios in fixed 5-min
intervals revealed that referees in both
tournaments experienced increases of ~50% to
150% in high-intensity actions compared to the
average demands for time intervals of the same
duration. Finally, despite the differences found in
physical demands between the men's and women's
tournaments, the running pace of referees
appeared to follow a similar pattern during the 60
min of gameplay, regardless of the competition.

Physical Demands

Regarding the physical demands in
competition, several studies have described the
time-movement variables in referees (Babity et al.,
2022; Belcic et al., 2020; Fernandes da Silva et al.,
2010). Those studies described that the intensities
of a handball competition were moderate for 96.4%
of the total playing time, which coincides with our
results in both male (standing 13.8%, walking
67.4%, jogging 11.6%) and female (standing 8%,
walking 59.5%, jogging 19.5%) competition (Figure
2). This may be due to the intermittent
characteristics of handball, which require players
to undergo demanding physical confrontations
followed by variable recovery periods (Fasold and
Redlich, 2018), the relatively small playing area (40
x 20 m) and the involvement of two referees in the
game.

The physiological demands of refereeing
top-level handball matches have been previously
categorized based on the HR, showing time spent
atheavy and severe intensities was small (2.3% and
1.3%, respectively) (Fernandes da Silva et al., 2010).
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The results of the current work, based on the LPS
tracking system, present higher values of time
spent at high-intensity, representing 6.9% of total
time in the EHF Men's EURO 2022 and 12.5% of
total time in the EHF Women's EURO 2022. Despite
the advantage of having real-time heart rate
responses to exercise, the HR has shown certain
limitations for workload quantification as a
standalone method (Achten and Jeukendrup,
2003). Of note, the HR increases with some delay
and does not adjust well to sudden changes in
intensity  (e.g.,,  short-duration intermittent
activities). In addition, the aforementioned study
of Fernandes da Silva et al. (2010) displayed peak
velocities up to 12.5 + 1.0 km-h™!, whereas our
velocity-based threshold for high-intensity activity
was actually higher (14.4 km-'h™). Consequently,
the findings provided in this research seem to
represent the physical demands of continental-
level handball referees more accurately.

It is worth noting that physical demands of
male and female players in high level international
championships have been previously studied
(Garcia-Sanchez et al., 2023; Gomez-Ldpez et al.,
2024). When comparing them by gender, Garcia-
Sanchez et al. (2023) confirmed that the total
distance covered was moderately greater in female
(4549.1 + 758.6 m) than in male competitions
(3332.6 £ 1257.6 m), and that the running pace was
largely higher in female (110.5 + 7.2 m-min)
compared to male matches (78.4+19.7 m-min-') (ES
= 1.6). The results of that systematic review are
consistent with our results in terms of the total
distance covered by referees involved in male and
female elite level matches, even though referees do
not make substitutions and have to referee the
entire match (60 minutes).

Although the distance covered by handball
referees in each offence-defence phase is only 20 m,
as they have to cover the distance from the end line
to the midfield line, referees’ physical demands
seem to mimic those of players involved in the
game. In light of these results, the differences
between the physical demands of the men's and
women's championships must be taken into
account in order to adjust the physical preparation
of referees, as poorer physical ability could have an
impact on decision making during the game (Belcic
et al., 2020; Blofs et al., 2020).

Worst-Case Scenario
Regarding the most demanding intervals

Journal of Human Kinetics, volume 99, October 2025

of the game, no research was found that analysed
the worst-case scenario in handball refereeing.
However, previous research on rugby (Igoe and
Browne, 2020) and indoor soccer (Martinez-
Torremocha et al., 2023) including worst-case
scenario analysis in fixed 5-min windows showed
similar demands for indoor soccer referees
regarding the pace (95 m'min) (Martinez-
Torremocha et al., 2023), but higher for rugby
referees (107.9 m'min) (Igoe and Browne, 2020).
These results might be explained by the
dimensions of the field and the number of referees
involved in each discipline.

Considering worst-case scenario analyses
of handball players in high-level championships,
we have found only two recent studies (Carton-
Llorente et al., 2023; Garcia et al., 2022) that
describe the variables of each playing position. The
results of those studies confirm that male players
cover four times more distance at high intensity
than referees in the same championship. Those
results are therefore difficult to compare with ours.
Asiit is stated, most of the efforts made by handball
referees are of low intensity (Fernandes da Silva et
al., 2010).

Of note, current results show a more
demanding worst-case scenario in women's
championships. These findings are consistent with
greater high-intensity physical demands in the
women's championships. This may be due to the
higher pace of play (Fasold and Redlich, 2018).
Compared to the men's Euro 2022 player data,
where the median peak acceleration was 2.71 m-s?
[IQR (0.49)] and the median peak deceleration was
2.24 m-s? [IQR (2.75)], similar data appeared in the
women's Euro 2022, where the median peak
acceleration was 2.67 m-s? [IQR (0.52)] and the
median peak deceleration was 2.14 m-s? [IQR
(2.85)]. Interestingly, the acceleration variable was
higher in the men's championships. It is possible
that these championships had less rhythm but
higher accelerations due to the explosive and
intermittent nature of handball. These findings are
in line with those of Michalsik and Aagaard (2015)
who observed significant gender differences in
physical demands of elite team handball, with
more high-intensity strength-related game actions
and high-intensity running in the men's
championships  than in  the
championships. In contrast, women's
championships involved a greater total distance

women's
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covered and a greater relative workload than
men's championships.

The results of this study should help
improve the design of the physical preparation of
referees in elite championships of different genders
to meet their needs and to pay attention to injury
prevention, as this can directly affect performance
(Babity et al., 2022; Blofs et al., 2020; Heyn and
Fleckenstein, 2021).

Running Pace

Our results show differences in physical
demands between the men's and women's
tournaments, but the referees' running pace
appears to follow a similar pattern throughout the
60 min of play, regardless of the competition. In the
second periods the total distance per minute
decreased in both championships. These results are
in line with other studies (Belcic et al., 2020;
Gutiérrez-Vargas et al., 2021), yet in order to
understand them, more studies need to be carried
out that jointly analyse the pace of play of players
and referees.

In addition, monitoring physical demands
of referees may reveal the true pace of matches, as
they do not experience the continuous changes that
players do.

A limitation of this study is the absence of
physiological data. The inclusion of heart rate
monitoring as a complementary method could
enhance the complete understanding of physical
demands of handball referees. Furthermore, the
absence of control over external factors that could

mitigate variability in playing conditions, such as
the tournament phase, the level of competition,
and the tournament type, implies that factors like
the score of each 5-min set, the teams' playing style
or the coaches' tactical decisions may have
significantly influenced the referees' physical
demands.

Conclusions

In conclusion, our data describe the
differences in physical demands on referees
between men's and women's tournaments, with
referees in the women's competition covering
greater total distances and distances at high
intensity. Worst-case scenarios at fixed 5-min
intervals revealed that referees in both
tournaments experienced increases of ~50% to
150% in high-intensity actions compared to
average demands for time intervals of the same
length. The referees' running pace appeared to
follow a similar pattern over the 60 min of the
match, regardless of the competition. These results
have direct implications for the design and
planning of specific training for referees in order to
correctly support the physical demands of the pace
of play, worst-case scenarios and acceleration-
deceleration at specific moments of the
competition. The information reported here
addresses the growing concern of international
handball federations to care for the physical
condition of their referees, aiming to enhance their
performance and keep them injury-free.
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