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Abstract

The aim of this study was to compare the physical capacities, in-game activity profiles and decision-making skills of
experienced and less experienced football referees during the match. A total of 10 football referees, 5 experienced (>5 years) and
5 less experienced (<5 years) participated in this study voluntarily. As a result of statistical analysis; aerobic capacity of
experienced referees (61.14+3.31 ml/kg/min) was significantly higher than the less-experienced referees (54.67+2.93 ml/kg/min.)
(p<0.05). As compared with less-experienced referees (9.09+1.08 km), the total distance covered (10.73+.41 km) and sprint
distance of experienced referees (experienced: 686.95+140.93 m, less-experienced: 459.85+168.37 m) were significantly higher in
the match. There was no significant difference in the total decision scores in two football competitions between experienced and
less experienced referees (184.80+21.25 and 193.40+26.12) (p>0.05). It was found that less-experienced referees made more
incorrect decisions in the match than experienced referees (9.60+4.21 and 20.20+2.68) (p<0.05). Experienced referees had higher
in-game activity profiles than less-experienced referees, and their incorrect decision making scores were lower. In addition, in
order to minimize the incorrect decision scores of the experienced and especially less-experienced referees in the match, it is
thought that it is important to include exercises related to perceptual-motor skills in their training programs as well as physical

training.
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INTRODUCTION

The field referee has full authority to control,
and regulate the behavior of players and coaches in
cooperation with two assistant referees. The referee's
mission is to ensure that the game is played under
certain rules, and to apply sanctions in cases of
violation of the game rules (22). Elite referees
perform high intensity activity with short intervals
every 4-5 seconds in matches, such as running
forward/sideways, sudden change of direction, and
transition from forward sprint to side movements
(11,16,30,31).The previous studies showed that that

elite referees covered a total distance of 11-12 km,
about 10-15% of this was high intensity activity (>18
km.hour?), their average heart rate was 85-95%
(177+12 beats/min., their maximal oxygen intake was
in the range of 70-80%), and their blood lactate
concentrations increased up to 14 mmol/L in a 90-
minute  period at international = matches
(4,6,23,30,33). This shows that the football match
causes a significant physiological stress on the
referees. In addition, referees are subjected to mental
stress due to complex decision-making by dealing
with players, coaches and audiences (28,44). In a
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study, it was asserted that a football match increased
the  cortisol decreased  the
immunoglobulin A level of professional football
referees, and the change in these parameters was
associated with physical and mental stress during
the match (28). Therefore, despite the high physical
and mental stresses (12,30), the referees require to
have a high level of physical capacity and match
performance in order to be able to keep up with the
tempo of the game, and evaluate possible violations

level, and

from the most appropriate point of view (35,39,42).
The physical capacity of the referees need to be as
good as that of the players. In studies indicated that
the covered distance and the high intensity activities
of the referees in the matches were almost similar to
those of football players (46,48). The fact that
football referees have a good physical capacity
without feeling tired contributes to making a correct
and consistent decisions by making them follow the
game as closely as possible (13,44,45). Decision
making is the basic component of a football referee's
match performance because the referees have to
make the right decision in a very limited time and
each decision has a direct or indirect effect on the
outcome of the match (24,39,44). In order for the
referees to make satisfactory decisions, it is
important to position themselves
optimally/take the ideal position, and to arrange
their proper
infringements may occur without interfering with
the players and the ball (6,27,33,39,42,44). In a study,
it was reported that the referees had a low risk of
misjudgments when they followed positions within

extremely

distance based on where the

the central area of the game (where the collaboration
of the assistant referee is limited) from a distance of
11-15 m (33). At the same time, the match
performance of the referee is affected by the level of
experience, and experience is considered a
prerequisite for an elite level of performance.
Football referees often reach the peak of their careers
at the age 40 or over years when most football
players retire, and this age is defined as the golden-
age for the referees' career. The average age of 8
super-elite referees who managed the quarter-finals
in 2002 FIFA World Cup was 41+4 years. This means
that football referees often perform their best in an
age range, which is thought to be associated with a
decrease in their physical capacity (8,9). Better
physical capacity may not be associated with a
better referee experience (13). Weston et al. (47)
observed  that
characteristics such as total distance covered, high
intensity activity distance, and number of sprints in
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physical  performance-related

the match declining with age did not affect elderly
experience referees' ability to keep up with the
game, and the referees made an effective decision by
creating the most appropriate angles for them. In
studies, it was noted that experienced referees were
more master at using advanced visual cues to guide
forward-looking responses compared to
inexperienced referees. In addition, it was seen that
older and more experienced referees were better at
predicting and reading the game, and they acted
more economically in their
organized their workloads better in the match due to
their long years of training (47). Castagna and Abt
(5) found that experienced referees regulated their

movements and

competitive behavior during the match, reduced
unnecessary movements in order to avoid fatigue,
and generally showed high intensity activities
towards the end of the game where the game speed
peaked.

In recent studies, it was seen that different
techniques such as portable Global Positioning
Systems (GPS) (12,14,15,21,26), Polar Heart Rate
(HR) monitoring (17), and Multiple-Camera (47)
were used to determine in-game activity profiles of
referees, and their physical demands during the
game. According to traditional Video-Based Time
Motion Analysis method (30,31), these new
automatic match analysis devices provide a more
comprehensive and accurate review of the
locomotor motion patterns of referees in football,
and also providing better objectivity and higher time
resolution (38). The football game is played in a
chaotic environment with a lot of visual stimuli that
can affect referees' decision making. Therefore, it is
very important that the referees are physically and
psychologically trained to meet the physical and
cognitive demands of the game throughout the
whole match. The determination physical capacity
and in-game activity profiles of football referees
allow the evaluation of whether the referees can
meet the physical demands of the match, to make
more accurate and consistent decisions, and to
provide specific
planning of the training programs. In the literature,

information in the effective
there is enough research examining football referees'
in-game activity profiles. However, there is no
study, which examines the physical capacity and in-
game activity profiles of Turkish football referees
with wearable technology, determines their decision
making skills in the matches by video analysis
method, and compares all parameters related to
performance according to the referees' experience.
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This reveals the importance of the study in terms of
literature.

MATERIAL AND METHODS
Participants

Ten referees, including university students at
Mugla Sitki Kocman University (M.S5.K.U) who have
been actively refereeing for at least 2 years in the
province of Mugla, undergo regular health checks
every year, without any having health problems,
participated in this study voluntarily. The referees
were divided into two groups, experienced (>5
years: 5 experienced referees), and less-experienced

Procedures

(<5 years: 5 less experienced referees). City referees
was incorporated into less-experience referee group,
and experienced referee group were formed by
regional and classification referees.

Ethical Considerations

Before the study started, the permissions were
obtained from Mugla Provincial Referee Committee
depending on Turkey Football Federation, and
M.S.K.U. Human Research Ethics Committee
(Decision No. 19, Protocol No: 190005, Date:
02.07.2019). In addition, the volunteers signed an
Informed Consent form.

Detailed information about

the content and method of
the study

Body composition
measurements of referees

Repeated Anaerobic Sprint

Test and Yo-yo Intermittent
Recovery Test (I)
measurements

Determining the activity
profile and decision making
skills of the referees in 2
official amateur football
matches

Figure 1. Data Collection Process

As shown in Figure 1, firstly, volunteer referees
were informed about the purpose, content, and
methodological model of the study. Later, the
height, body weight and body fat percentage of the
participants were measured between 10 and 12.00
hours in the Sports and Performance Laboratory in
M.SK.U. On a different day, Repeated Anaerobic
Sprint test and Yo-Yo Intermittent Recovery Test (I)
were applied to the referees on the football field
during the training hours of the referees (between
18.00-20.00). Before the tests, they warmed up for 15
minutes, including dynamic and static stretching
exercises. The rest time between anaerobic and
aerobic test was 8 minutes as recommended by
FIFA. After these measurements were carried out,
in-game activity profiles of the referees in 2 amateur
football competitions (2018-2019 season) were
determined in at least two weeks in coordination
with the Mugla Provincial Referee Committee, and
the difficulty level of the match and the level of
experience of the referee were taken as criteria by
the committee for the assignment of the referees in
the matches. In addition, 2 amateur matches
managed by the referees were recorded with the
camera, and their decision making skills were

examined by video analysis method.
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Measures
Height and body weight measurements

The body weight of the referees was measured
with Seca (Germany) electronic weight scale (bare
feet and Shorts-T-shirt) with a sensitivity of 0.01 kg.
and their height determined by a metal meter with a
precision of 0.01 cm standing on this scale (50).

Body fat percentage

Holtain brand skinfold caliper that applied 10
gr/sq mm pressure at every angle was used to detect
the body fat percentages of the referees. In order to
minimize the error in the measurements, the
instructions to be considered for skinfold
measurements were followed by American College
of Sports Medicine (1). The subcutaneous fold
thicknesses of the referees from the 4 regions such as
biceps, suprailiac, subscapular and triceps were
measured. The values from four regions were placed
in the formula developed by Durnin and Womersley
(19), and the percentage of body fat of referees was
calculated.
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Anaerobic Capacity

The anaerobic power and capacities of the
referees were measured by Repeated Anaerobic
Sprint Test using photocell system. The Run-Based
Anaerobic Sprint Test (RAST), developed by Draper
and Whyte (18) at the University of Wolverhampton
in the UK in 1997, is a test protocol designed to
detect anaerobic power and capacity, and widely
used by exercise specialists to follow the
performance of athletes (49). The test comprises six
sprints on a distance of 35 m with a 10-second rest
interval between each sprint. By measuring body
mass and sprint times, it is possible to determine the
power in each sprint (Power=body mass x distance2
/time3). For each referee, the maximum power,
mean power, minimum power, and fatigue index
were calculated by entering the 6 sprints value of the
calculation tool into the formulas.

Aerobic Capacity

The Yo-Yo Intermittent Recovery Test (I) was
utilized to specify the aerobic capacities of the
referees. The test consists of a track with 20 m round
trips. At the end of each round trip (40 m), there is a
5+5 m recovery section where the participant
actively rests for 10 seconds. If the participant fails
to reach the finish line twice in time, the test is
terminated, and total distance covered is evaluated
as the test performance. At the first level of this test,
there are a total of 4 round trips, and the speed is 10-
13 km/h; there are 7 round trips at level 2, and the
speed is 13.5-14 km/h. In this study, this increase
continued until the referees were exhausted or two
mistakes were made. The VO2max values of the
referees were calculated by the following formula
according to the Yo-Yo IR1 test result;

Yo-Yo IR1 test: VO2max (ml/min/kg) = IR1
distance (m) x 0.0084 + 36.4 (3,32).

Determining the in-game activity profile

The activity profile of the referees within 90
minutes of the match was measured with the Player
Tek GPS system. This system consists of the
PlayerTek pod, a vest for transporting and fixing the
pod, and a USB cable (to charge the device and
transfer data). The professional sensors in the pod
perform 2500 measurements and monitoring per
second. Every move of the referees on the field is
monitored with high precision. The sensors include
a complex GPS module that measures speed and
position 10 times per second. In addition, 3D sensors
measure power, every response, turn, and motion.
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In this study, the Player Tek GPS vests were dressed
to referees before the official matches (after warm-
up). The vests were removed as soon as the match
was over. Then, each pod in the vest was connected
to the computer, and the total distance (km), sprint
distance (m), energy consumption (kcal), top speed
(km/h), and maximal heart rate (beats/min) of the
referees during the match were detected through the
program on the website;

https://www.playertek.com/gb/playertek/

In order to provide homogenization of external
factors that may affect the performance of the
referees, it was paid attention that the selected
matches were in similar time periods (between
14.00-16.00), in the
conditions.

same field, and climate

Figure 2. Determination of in-game activity profile

of referees

Determination of decision making skill

Two amateur football matches managed by the
referees were filmed from 2 different angles with
camera, and their decisions for 90 minutes evaluated
by the video analytical method by 3 specialists who
were completely independent from each other (in
different environments), and determined by the
Mugla Provincial Referee Committee. Prior the
study, the referees were informed that 3 experts who
evaluated the matches of referees would only score
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within the scope of the study, that the positive and
negative points to be obtained from these matches
were not related to the Mugla Provincial Referee
Committee,
scoring. It was used with the match tracking table
created by the researchers to analyze the decisions of
the referees in the matches. The decisions of referees
in the match tracking table were analyzed in two
different categories: technical penalty (throw-in,
throw out, corner kick, indirect free kick, direct free
kick, and penalty kick) and disciplinary penalty
(vellow and red card decisions shown). The average

and would not mean institutional

of all decisions/ incorrect decisions evaluated by

decisions, and incorrect decisions made by the
referees within 90 minutes in 2 matches was

determined.
Analysis

All data obtained in the study were recorded in
the SPSS (version18.0) program. Whether the data
showed normal distribution was determined by
Shapiro-Wilk test. Independent Sample t test or Man
Whitney U test was used to compare the physical
capacity, in-game activity profile and decision-
making skills of the referees according to experience
level. Significance level was accepted as p <0.05.

three experts was taken, and the total number of

RESULTS

Table 1. The age, height and experience values of referees

Groups N Mean S.D.

Age (years) Experienced 5 28 4.47
Less experienced 5 27.5 7.39

Height (m) Experienced 5 1.81 .05
Less experienced 5 1.82 .09

Experience (years) Experienced 5 6.80 2.58
Less experienced 5 4.60 .54

Table 2. Comparison of body composition, aerobic and anaerobic capacity values of experienced and less experienced
referees with Mann Whitney U test.

Variables Groups N Mean S.D. V4 p
Body Body fat (%) Experienced 5 12.74 2.06
composition Less experienced 5 14.06 1.88 -1.156 310
Maximum power (W) Experienced 5 740.40 90.40
Less experienced 5 642.20 44.50 -1.358 222
Minimum power (W) Experienced 5 552.20 112.65
Anaerobic Less experienced 5 477.00 54.94 -1.149 310
capacity Average power (W) Experienced 5 639.60 76.03
Less experienced 5 552.40 53.55 -1.776 .095
Fatigue index (W/sec.) Experienced 5 6.09 1.69
Less experienced 5 5.20 1.15 -.731 .548
Aerobic Yo-Yo test covered distance Experienced 5 2946.00 394.68
capacity (m) Less experienced 5 2176.00 349.39 -2.200 .032*
Aerobic capacity (ml/kg/min.) Experienced 5 61.14 3.31
Less experienced 5 54.67 2.93 -2.200 .032*

*p<0.05

In Table 2, the aerobic capacity of experienced referees (61.14+3.31 ml/kg/min.) was statistically
significantly higher than less experienced referees (54.67+2.93 ml/kg/min.) (Z = -2.200, p = .032).
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Table 3. Comparison of average values of experienced and less experienced referees' in-game activity profiles in 2 amateur

football matches

Variables Groups N Mean S.D. p
The total distance covered (km) Experienced 5 10.73 41 t=3.1582 .013%
Less experienced 5 9.09 1.08
Sprint distance (m) Experienced 5 686.95 140.93 t=2.3132 .049%
Less experienced 5 459.85 168.37
Energy expenditure (kcal) Experienced 5 1206.27 60.15 z=-1.776> .076
In-game activity Less experienced 5 102894  146.01
profile Top speed (km/s) Experienced 5 25.16 1.15 t=1.0982 .304
Less experienced 5 24.58 27
Maximal heart rate (beat/min.) Experienced 5 181.65 4.50 t=1.1772 273
Less experienced 5 178.85 2.83

*p<0.05, 2Independent Sample t test, "Man Whitney U test

As shown in Table 3, the total distance (9.09£1.08 km versus 10.73+.41 km, p =.013) and sprint distance
459.85+168.37 m versus 686.95+140.93 m) covered by experienced referees during the match was found to be

statistically significantly better than less experienced referees.

250
193.40+26.12
200 184.80+21.25
150
100
50
20.20+2.68%
9.60+4.21
0 — L
Experienced Referees Less experienced referees
H Decisions ™ Incorrect decisions
*p<0.05

Figure 3. Comparison of average values of experienced and less experienced referees' decision making
skills (total and incorrect decisions) in 2 amateur football matches

As shown Figure 3, while experienced referees
made an average of 184.80+21.25 total decisions, the
total number of decisions of less experienced
referees were 193.40+26.12 in two matches. It was
found that less experienced referees (20.20+2.68
errors) made statistically significantly more incorrect
decisions in two matches compared to experienced
referees (9.60+4.21 errors) (Z=-2.417, p=.016). From
these results, it can be said that approximately 5%
and 11% of the total decisions made by experienced
and less experienced referees in 2 amateur matches
were incorrect.
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DISCUSSION

The aim of this study is to compare the physical
capacities, in-game activity profiles, and decision
making skills of football referees by experience level.
The referees do the unusual different activities of a
with very fast and unexpected tempo changes in a
football match. Football referees perform low-
intensity activities, such as walking and jog, in
approximately 30% and 60% of the match (average
heart rate=158.88+3.99 bpm), and energy is supplied
aerobically during these activities. However, the
referees display a total of 1268 activities that change
in about 4 seconds in a match. Approximately 160 of
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these activities are sprints, sudden change of
direction, and short-term high intensity activities
with a mean duration of 2-4 seconds. During these
activities, the referees reach a fairly high blood
lactate level and high maximal heart rate (97%), and
energy is provided anaerobically during these
activities. Therefore, it is very important that the
main component of the physical capacity such as
aerobic capacity need to be perfect for the referees to
show the activity profiles at the highest level in the
match, and to make the right and fast decisions
(20,29). A good aerobic capacity helps the referees to
keep up with the speed of the game taking place at
unexpected speeds, and to make an accurate and
effective decision by taking the optimal position
against various positions. The performance in the
Yo-Yo intermittent recovery test is closely related to
the high intensity activities performed during a
game, and is a fairly convenient and reliable test to
assess the referees' physical performance capabilities
(8,29). In this study, as a result of Yo-Yo Intermittent
Recovery Test-I; the aerobic capacity of experienced
football referees (2946+394.68 m,
MaxV02=61.14+3.31 ml/kg/min.) was found to be
better compared to less-experienced referees
(2176.00+349.39 m, MaxV02=54.67+2.93 ml/kg/min.)
(Table 2). Sanchez-Garcia et al. (41) found the Yo-Yo
Intermittent Recovery Test-I test performances of
football referees with 6 years of experience as
1213.91+432.26 m. In a study, it was detected that the
aerobic capacity of the referees varied according to
the experience level. Castagna et al. (8) determined
the Yo-Yo Intermittent Recovery test performance of
Italian referees in the 1st (elite level, series AB, mean
age: 37.5+4.5 years), 3rd (intermediate, series C,
mean age: 27.8+3.2 years), and 4th (low level, series
D, mean age: 24.8+1.2 years) leagues as 1.874+431 m,
1.360+172 m, and 1.272+215 m, respectively. The Yo-
Yo test performance of experienced referees was
better than the referees with intermediate and low
experience level. In addition, compared to elite
experienced referees, there were higher increases in
lactate levels of referees with intermediate and low
experience after the Yo-Yo test. It was expressed that
lifestyle and training regimes used by elite referees
were effective in avoiding possible age-related
decreases in endurance performance. According to
less experienced it was stated that
experienced referees at the elite level were more
economical in the face of actions in the match (such
as moving forward and backward in a gradual

referees,

intensity in the field), and recovered more quickly
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after high intensity activities. Finally, it was
emphasized that a well-designed training program
performed at high intensity speeds, and aiming to
improve the ability to change direction would be
beneficial for referees of all levels. Castillo et al. (13)
ascertained better distance performance of national
referees in the Yo-Yo test as compared with the
regional referees. Mazeheri et al. (36) determined
MaxVO2 performances of football referees as
59.94+7.09 ml/kg/min. Castagna et al. (2019) detected
the cutting points in aerobic capacity for elite
referees. They pointed out that values equal to or
higher than 50.6 ml/kg/min. (3.93 L/min.) were
recommended as ideal values for the aerobic
capacity of the referees. They also emphasized the
importance of considering the intensities at the
anaerobic threshold speed (14 km/h, 91% heart rate
max) in the training programs planned to improve
the aerobic capacity of the elite referees. According
to Castagna et al. (10), we can say that experienced
and less-experienced referees in this study have a
good aerobic capacity. It was notified that especially
intermittent and high intensity training (above 90%
HRmax) should be applied to the referees in order to
meet the physical demands required for a match.
After these training sessions, it was stated that the
referees improved their Yo-Yo test performance
(31%), increased in-match high intensity activity
distance, decreased their average heart rate, and
these improvements were also reflected in the
decision making performance of the referees, so that
they did not stay away from violations, and their
incorrect decision rates decreased (24,29).

This study demonstrated that experienced
referees covered a total distance of 10.73+.41 km,
performed 686.95£140.93 m of high
activity, consumed 1206+60.15 kcal energy, reached
181.65+4.5 beats/min. in heart rate, and achieved a
speed of 25.16+1.15 km/h in sprints in two amateur

intensity

matches, while less experienced referees covered a
total distance of 9.09£1.08 km, sprinted
459.85+168.37 m, spent 1028.94+146.01 kcal energy,
achieved 178.85+2.83 beats/min. in heart rate, and
reached a speed of 24.58+.27 km/h in sprints. The
covered total distance and sprint distance of
experienced referees in the match was significantly
higher than the
addition, although it was not significant, it was
determined that experienced referees consumed
more energy, reached higher speeds in the sprints,
and performed their activities in the match at higher

less-experienced referees. In
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heart rates (Table 3). E Silva et al. (20) indicated in
their systematic review study involving 428 referees
and 2936 game analysis, and reported that that the
referees covered a total distance of 10.36+1.11 km for
90 minutes, their average number of heart rate
during the match was 158.88+3.99 beats/min. and
they performed short and explosive activities
varying between 2-4 seconds in the match and that
the maximum heart rate reached 97% in these high-
intensity activities. In a study conducted by 13
international referees, Castagna and D'ottavio (7)
showed that the referees traveled approximately
11.5 km during the match, while 1642 m of this was
high-intensity activity. It was noted that the national
referees (12.956+548 m) covered more distance
during the match than international referees
(11.218+1.056 m). It was also determined that the
national referees' running speed was more than 18
km/h (2.378+423 m) and that they displayed higher
intense activity compared to international referees
(1.642+689 m). The reason for this may be that
international referees regulate their movements
more economically during the match. Gomez-
Carmona and Pino-Ortega (23) stated that the
referees who managed the match in the 3rd league
traveled approximately 10.200 m in the match, their
average speed varied between 7.2 and 13 km/h, and
their heart rate achieved 85-95%. Da Silva et al. (16)
reported that football referees working in Italian
League Series A and B covered a total distance of
9155.4+70.3 m during the match, and spent an
average of 734.7+65 kcal energy. Weston et al. (2012)
found the total distance traveled by the referees in
the match as 11770+808 m. They specified that
8894327 m of this distance was high-intensity
running (>19.8 km/h), and the referees had a total of
30.54#21.3 sprints (>25.2 km/h)
Considering all these studies, it was seen that the
football referees performed high-intensity activities
about 19% of the total distance covered ~10.2 km in
the match, and were exposed to almost as high
physical load as players, such as 85% of the maximal
heart rate (24). The standard of the competition also
affects the referee's physical performance and the in-
game activity profile because the referee runs high
intensity and fast runs to keep up with the speed of
the game. Therefore, the distance covered by high-
speed running during a match is the best indicator
of the referee's kinematic performance and the
development of fatigue rather than the total distance
covered (29,34,35). Compared to the studies in the
literature, we can say that experienced and less-
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in the match.

experienced referees have a very high in match
activity profile in this study. In addition, the reason
why experienced referees had higher in-match
activity profiles than less experienced referees in this
study may be due to their better physical
performance, to assign in high-difficulty matches,
and their training number or intensity.

Decision making is the primary precondition for
refereeing performance. A soccer referee makes 137
decisions per average game, that is, an average of
three to four decisions per minute during a 51-
minute net play (about 56.5%). The referee gives
about 45% of all decisions on her/his own, and 64%
in cooperation with other referees (24). Therefore, a
referee need to maintain physical performance and
cognitive perception at the highest level throughout
the 90-minute game, and focus on the game without
losing concentration. It is not enough for a referee to
have high level physical capacity. It needs to
integrate this physical capacity with high-level
capacity
processes. This is extremely important for the
referee to make an effective and accurate decision
against the positions that take place sudden and in a
matter of seconds. Also, the referee having a certain

cognitive such as decision-making

experience is a prerequisite for an elite level of
performance. In one study, it was reported that the
referees analyzed the "environment/game" more
efficiently, more selectively, and more quickly with
the increasing experience level (24). At the same
time, experienced referees make a better spatial
evaluation of the playing field, can change their
movements during the match, use less energy,
adjust  the
comfortably, and reach the right decisions (20).

distance to the positions more
Considering the results of this study, it was seen
that experienced referees made an average of
184.80+21.25 in two amateur football matches, and
9.60+4.21 of these decisions were incorrect. It was
also observed that less-experienced referees made a
total of 193.40+26.12 decisions, and 20.20+2.68 of
these decisions were incorrect. From these results, it
can be said that approximately 5% and 11% of the
total decisions made by experienced and less
experienced referees in 2 amateur matches were
incorrect, respectively (Figure 3). The taking best
position of the referees on the field, and adjusting
their distance to the violations affects their decision-
making performance (21,25). Mallo et al. (33)
examined the decisions of the referees in the case of
80 fouls and 165 offside situations in international
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matches, and they determined the referees' rate of
incorrect decision making as 14%. They stated that
when the referees made the decisions between 11-15
m, the risk of making incorrect decisions decreased,
and the incorrect decision making rates (23%)
peaked due to fatigue in the last 15 minutes of the
game. They also expressed that it was important for
the referees to have a high level of physical capacity
to follow the game until the final parts of the game
(33). In another study, Hossner et al. (25) found an
error of 6.9% in the referees' decisions for a total of
1,527 potential foul conditions after analyzing 64
matches in the FIFA World Cup 2014 organization.
When analyzed in terms of the general view-
distance effect, they observed that the referees had a
10.55 times higher rate of whistle error when they
were 10 to 15 m away from positions, and when they
were 0-5 m away from the positions, non-whistle
errors rate were 5.51 times higher. It is also possible
that exercise-induced fatigue can negatively have an
impact on decision-making process. Gomez-
Carmona and Pino-Ortega (23) observed 18 technical
errors and 11% discipline errors in the decisions
made by the referees during the match. They
pointed out that most of the errors occurred in the
first half of the game during the first 15 minutes, and
more often when the referees exceeded 85% of their
maximal heart rate. Besides, they showed that the
factors affecting the decision making of the referees,
and causing errors were the part of the pitch, the
duration of the game played, and the referee’s
percentage of HRmax. They suggested that training
the referees at intensities exceeding 85% of their
maximal heart rate could also improve their
incorrect decision-making skills in the match. Aslan
et al. (2) determined whether the decision-making
skills of referees at different exercise intensities
changed. The referees were asked to make a decision
about the positions by watching 20 videos of 15
seconds regarding the positions including technical
and disciplinary penalties in their target heart rate
determined for each exercise intensity. Compared to
the decisions they made during low intensity
exercise, especially in exercises performed at 90% of
the target heart rate, a 7.7% decrease in the decision-
making performance of the referees was observed.
They claimed that a decrease in the decision-making
performance could be related to high blood lactate
level (about 8-12 mmol/L). Mcmorris and Hale (37)
ascertained that high-intensity exercises led to an
this
triggered neural noise, which may have a negative
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increase in catecholamine levels, increase

effect on cognitive performance such as decision-
making. Krustrup and Bangsbo (29) demonstrated
that the referees remained 30+35 m away from the
violations due to the fatigue in the second half of the
game, and this situation negatively had an impact
on the decision-making ability of the referees, and
their incorrect decision-making increased. In another
study, Elsworthy et al. (21) indicated that increased
physiological (especially
respiratory threshold) before violations potentially
negatively affected cognitive processes related to

demands above the

decision making. In particular, they found that the
working speed of the referee recorded just before a
free kick awarded (5 sec) was quite high before the
incorrect decisions compared to the correct
decisions. That is, they reported that the high
relative running speed before any decision caused
incorrect decision, and argued that the mechanisms
behind the referees' incorrect decision were
associated with changes in cerebral blood flow.
Finally, it was shown that the referees having
superior anticipation skill reduced the demands for
running before any decision, and helped to make the
right decision. Rooks et al. (40) stated that cerebral
oxygenation increased from low intensity to high
intensity exercise, then plateau was formed, and
cerebral oxygenation decreased during very high
and strenuous exercises. The results of this study
may be related to the results of studies in literature
that examine the reason why the referees make
wrong decisions during high intensity exercises or
because of fatigue. In this study, although
experienced referees were assigned to high difficulty
matches, and their incorrect decision-making scores
were lower compared to less experienced referees.
Experienced referees are accustomed to combating
physical and cognitive stress brought by these
matches compared to less-experienced referees, and
their behavior of reading the game or anticipation
skills may be better due to the variety of positions
they face in these matches. In addition, they have
higher number of matches they have previously
managed, and also superior physical performance
and in-game activity profiles as compared with less-
experienced referees. In this study, the fact that
experienced referees have lower incorrect decision
scores can be based on the such reasons. The studies
emphasized that it is
perceptual-cognitive and video-based related to
visual perception exercises in training programs in
order to improve the decision-making skills of
referees (24,33,43)

important to include
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CONCLUSION

This the study that
comprehensively examines the physical capacity, in-
game activity profile and decision making level of
Turkish football referees. It was found that physical
performance and

research is first

in-game activity profile of
than
experienced

experienced referees were higher less

experienced referees. In addition,

referees (9.60+4.21 errors) had a low rate of incorrect
decision making in the matches compared to less
experienced referees (20.20+2.68 errors). From these
results, it can be said that approximately 5% and
11% of the total decisions made by experienced and
less experienced referees in 2 amateur matches were
incorrect, respectively. In order to improve the
decision-making skills of the referees in both groups
especially the referees in the less experienced group,
and to minimize incorrect decision-making scores, it
is thought that it is very important to include
perceptual-cognitive specific exercises or video-
based trainings that improve visual perception,
visual control and anticipation skills as well as
physical training in referees' training programs. This
study can be repeated on the referee or assistant
referees who manage the matches in higher level
leagues by increasing the number of matches. This
study was performed on male referees. In the next
studies, this study can also be done on women
referees.
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