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Abstract
Decision-making is a critical aspect of soccer referees’ performance. Yet current training methods that simulate the ref-
ereeing task are limited. Skilled soccer referees (N¼ 22, M age¼ 27.14 years, SD¼ 6.40) were tested on a new decision-
making simulator during the active part of the season. They ran on a treadmill for 60min at varying paces while watching two
video sections depicting real matches, in context and in mixed order, and called their match decisions out loud. They
completed pre- and post-test assessments of their feelings and perceived exertion, and a post-test assessment of their
performance. The referees reported positive feelings prior to and following the test, and rated their performance favourably.
They felt the simulator was moderately representative of a real match, and their perceived exertion increased progressively
during the test. Decision accuracy levels were higher for simple decisions, such as out of play (73.81%), than for careless fouls
(62.86%) or yellow/red cards (25.97%). Decision accuracy levels for yellow/red cards decisions were significantly higher in the
in-context section (28.91%) than in the mixed section (20.83%). Decision accuracy levels peaked in the third quarter and
decreased during the final quarter. Self-control during the test correlated moderately with overall accuracy. Careless foul
decision accuracy was on par with previous studies, supporting the simulator’s validity. The findings support the use of the
simulator as a potentially innovative method for training referees in sequential decision-making.
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Introduction

The 2018 FIFA World Cup signified a revolutionary
change in soccer (association football) refereeing, with
the inclusion of the video assistant referee.1 This change
amplified the idea that decision-making is a critical
aspect of soccer referees’ performance.2,3 Referees
must continuously locate themselves in a position that
enables their quick and accurate capture of multiple
static and dynamic cues (e.g., ball, players, lines), in
an often-unexpected arrangement, to make reliable
and trustworthy decisions.4,5 At the elite level, referees
interact, process, and make decisions under high phys-
ical strain6 and considerable psychological stress.7,8

While VAR intervention is allowed in critical match
decisions, referees are required to make numerous
sequential decisions throughout the match without
such a technological advantage. A study examining
the decision-making of the Euro 2000 soccer referees
showed that on average, they performed at 85%" 5%
of their maximal heart rate (HRmax) and made about
200 decisions per match.2

Research on referees’ decision-making has focused
on the underlying mechanism9–12 and on the factors
that affect decisions. These factors included, among
others, home advantage as manifested by crowd
noise,13 a team’s reputation for aggressiveness,14 the
referee’s positioning in the field of play,15 and
the match’s playing time.12 These findings emphasize
the significance of contextual factors in soccer referees’
decision-making. For example, in a study10 which used
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a video-based laboratory setting, soccer referees were
shown potential foul infringements in the penalty area
from a single match. None of the referees awarded two
successive penalty decisions in favor of the same team.
In contrast, a positive link between successive penalty
decisions involving one team and then the opposing
team was evident. In another study, the yellow-card
administration patterns of German referees were exam-
ined in a laboratory setting.12 The findings indicated
that referees used both deliberate game management
(i.e., purposely postponing cards early in the match)
and calibration of the fouls’ scale (i.e., setting criteria
for issuing a yellow card).

Referees’ decision-making training

Considering the complexity of soccer referees’ decision-
making task, it is no surprise that referees make errors.15

Several researchers have suggested that effective training
of soccer referees on decision-making remains a chal-
lenge.16,17 The most common method currently used
for such training involves watching video clips of various
match scenarios with replays and with no contextual
information. The referee is expected to indicate his/her
decision and provide an explanation of the related rea-
sons, based on rule criteria.18 He/she is then informed of
the correct decision as decided by the expert panel. For
example, in one study, German soccer referees used a
video-based decision-making training program of foul
situations.19 During each training session, the referee
observed several video clips of possible foul situations,
with no contextual information (e.g., score, match play
time) about the match. The referee was asked to indicate
his/her decision via a mouse click on respective but-
tons (i.e., ‘‘no foul’’ or ‘‘foul,’’ and the appropriate sanc-
tion). Feedback was then provided on the correctness of
the decision; however, no explanation concerning the
underlying reason for the decision was provided to
the referee. Testing the usefulness of this training
method indicated only small improvements over the con-
trol condition, and the authors concluded that there
was no evidence that learning effects transferred to
the real world.

The main issue with the above training method is the
lack of realistic conditions (i.e., lack of noise or crowd,
physical load, and match context). In terms of physical
strain, previous research indicated that acute high-
intensity physical exercise can lead to a decline in
cognitive performance (e.g., reaction time, memory),
measured during exercise20 or immediately following
the exercise.21,22 Moreover, a study which examined
soccer referees’ decision-making during the 2009
Confederations Cup found that most errors occurred
in the last 15min match period, evidently as the referees
were fatigued and the players’ tactics changed to

passing long distance balls.15 However, it was suggested
that the effects of fatigue on refereeing performance is
complex, and experimental studies are required to
examine these effects.23

Other methods of decision-making training include
one-on-one video-based match analysis, and on-field
simulation with expert feedback. In the latter, referees
are expected to react on a real field to scenarios played
by real players, while their actions are video recorded
and then analyzed. This method more accurately simu-
lates the refereeing task, as it is more realistic compared
to watching video clips; however, the referee can only
train in a few decisions in each session. In addition, this
method is typically used only during courses and sem-
inars, because creating the necessary setup is relatively
costly. We were unable to find empirical data to sup-
port the usefulness of the above methods.

Study objectives and research questions

Considering the refereeing task’s complexity and the
need to produce effective training methods, it was pre-
viously proposed that innovative training simulators be
developed.7 Thus, our main objective was to test the
usefulness of a new decision-making simulator designed
for skilled soccer referees. Our challenge was to create a
simulator that, on the one hand, simulates the referee-
ing task (i.e., numerous sequential episodes of decision-
making under physical strain), and on the other hand,
is cost effective (i.e., can be easily applied by referees on
a regular basis). The following specific research ques-
tions pertained to the training simulator were postu-
lated: (1) How do referees perceive the validity and
usefulness of the simulator? (2) Is the decision-making
accuracy of the simulator on par with previous studies?
(3) How do physical strain and performance modality
(i.e., context versus no context) relate to decision-
making accuracy?

Materials and methods

Participants

To determine the number of participants needed for the
study, a power analysis using G*Power 324 was con-
ducted. For the main analyses (i.e., RM ANOVAs),
using f¼ .30, !¼ 0.05, 1# "¼ 0.80, with one group
and four measurements, the power analysis indicated
that the total sample size recommended was 17.

The study participants were 22 active male soccer
referees (M age¼ 27.14 years, SD¼ 6.40) recruited
from the Referee Union in the Israel Football
Association. They represented a broad age range
(20–43 years) and range of years of refereeing experi-
ence (5–23 years). All were skilled referees, officiating in
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the first three senior divisions in Israel. Table 1 specifies
the participants’ characteristics. The Israeli referees
were comparable in height to, yet weighed less than,
FIFA’s 2012/13 World Cup referee selection.25 The
study received institutional ethical approval, and all
participants provided their informed consent.

Measures

Demographic details (DD). The DD form included ref-
erees’ age, years of experience, height, and weight.

Pre-test feelings and attention focus. To ensure the
referees were mentally prepared for the test, and to
rule out pre-test confounding factors, the study
assessed the referees’ pre-test state motivation, state
self-confidence, and focus, using a single item
aligned by a seven-point Likert-type scale ranging
from 1 (not at all) through 4 (moderately) to 7 (very
much). Previous study has validated the use of single
items as a means of assessing soccer referees’ pre-per-
formance feelings.26

Rate of perceived exertion. The RPE single-item
scale27 ranges from 6 (no exertion at all) to 20 (maximal
exertion). The RPE is a well-accepted measure of per-
ceived exertion in exercise and sport contexts and has
been used previously with samples of soccer referees.28

Post-test evaluation of the simulator and task, self-
control, and attention focus. The degree to which ref-
erees felt the test represented their performance in a
real match as well as their perceived test difficulty,
self-control, attentional focus during the test, and cur-
rent mental exhaustion were evaluated using a single
item each, with a seven-point Likert-type scale ranging
from 1 (not at all) through 4 (moderately) to 7 (very
much). Use of a single item as a means of assessing
soccer referees’ post-performance feelings has been vali-
dated previously.26

Performance. The referees’ simulator test perform-
ance was assessed using subjective and objective meas-
ures. First, they were asked to self-rate their
performance using a single item (i.e., ‘‘How do you
evaluate your performance in this test?’’) with a
seven-point Likert-type scale ranging from 1 (poor)
through 4 (moderate) to 7 (excellent). Soccer referees
are accustomed to evaluating their performance7 and
assessing referees’ performance-related perceptions
using single items has been validated previously.26

Second, the referees’ decision-making total accuracy
scores, as well as their accuracy in the two test sections
(context and mixed), were used as measures of objective
test performance, in line with previous studies.18,19

Simulator test

Design. The simulator test (see Figure 1) was designed
with the assistance of a senior.

Israeli Premier League referee and the Israeli Referee
Union fitness expert. The focus was on designing a
simulator that represents the refereeing task, is highly
applicable, and is easily produced (e.g., uses a regular
treadmill and an iPad). We initially considered the use
of virtual reality video clips but realized that their
development is both costly and lengthy. For a similar
reason, we did not develop custom video clips (i.e.,
from the referee’s point of view), and instead used
edited TV video clips.

Structure. All tests were conducted on a standard
treadmill (Star Trac! Model 8TR), on which a stand-
ard 9.7 inch Apple iPad 2 was mounted (see Figure 1).
Each test lasted 60min and included two 30min video
sections: a contextual section and a mixed section. Both
video sections were edited by a professional video ana-
lyst who is also a soccer referee. It should be noted that
footage of real matches was used, as broadcast on TV.
However, all replays were removed so that the referees
had only one chance (as in a real match) to watch the
match actions.

The contextual section included a video of a
Champions League match between Manchester City
and Cezka Moskva (Nov. 2014). The match was con-
densed from its regular 90min to 30min, while

Table 1. Descriptive statistics (M, SD) of the referees’ charac-
teristics and the test-related factors.

M (SD) (n¼ 22)

Referee characteristics
Age 27.14 (6.40)

Years of refereeing experience 11.31 (5.47)

Height 181.00 (4.90)

Weight 74.14 (6.19)

Test-related factors
Pre-test motivationa 6.27 (0.83)

Pre-test confidencea 6.41 (0.80)

Pre-test focusa 6.00 (0.69)

Perceived exertion 15 minb 9.00 (1.60)

Perceived exertion 30 minb 10.91 (2.24)

Perceived exertion 45 minb 12.72 (2.68)

Perceived exertion 60 minb 14.33 (3.40)

Perceived test difficultya 4.68 (1.49)

Perceived self-control in testa 5.77 (0.92)

Perceived focus in testa 5.41 (1.10)

Current mental exhaustiona 3.09 (1.60)

How well test represents
real performancea

3.82 (1.44)

Self-rated performancea 4.95 (0.58)

aScale is 1–7.
bScale is 6–20.
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maintaining its genuine continuity, including all goals
scored and main events/infringements in the real order
of play. The match score (with the teams’ names) and
match time appeared continuously at the top-left side of
the screen. In addition, this section included the sound of
the crowd and commentators, as broadcast on TV. We
maintained the sound of the crowd to make the context
as close to real match conditions as possible.

The mixed section included a Champions League
match between Real Madrid and Dinamo Zagreb
(September 2011). Again, the 90min match was con-
densed to 30min. However, this section did not show
the real sequence of events. Instead, an editor mixed
the order of events, thereby creating a video containing
randomized clips, which resembled the typical decision-
making training method currently in referees’ use. The
teams’ names, match score, and match time did not
appear in the video, and there was no sound.

The specific test matches used were selected for three
reasons. First, they occurred more than three years
prior to the test, so referees could not have remembered
the actions taken (this was also confirmed with the ref-
erees on-site). Second, the matches contained various
infringements, requiring referees to make numerous
decisions (104 decisions in total; see Table 2). Third,
the matches had been reviewed by UEFA’s (Union of
European Football Associations) refereeing committee
and an official report had been issued concerning the
correct decisions regarding major infringements (e.g.,
penalties, yellow and red cards). A UEFA match obser-
ver reviewed both videos and provided the correct deci-
sions in case they did not appear on the official report.
It should be noted, however, that since real and full
matches were used, we could not clearly verify that
the decision difficulty levels were identical in both sec-
tions. Also, we could not control for the decision diffi-
culty levels in each of the 15min sections of the test.

Operation. The simulator test was operated by two
experimenters, as follows:

(a) The referee began with a 1min warm-up walk on
the treadmill; an explanation of the task appeared
on the iPad 2 screen.

Figure 1. A referee performs on the decision-making simulator.

Table 2. Decision-making accuracy for the context and mixed
sections and for the total test.

Decision category n
Total DM accuracy
M % (SD)

Goals – context 3 87 (17)

Out of play – context 10 71 (20)

Out of play – mixed 6 78 (24)

Goal kick – context 5 66 (25)

Goal kick – mixed 11 74 (21)

Corner – context 4 65 (22)

Corner – mixed 5 81 (13)

Off side – context 1 38 (50)

Off side – mixed 2 74 (37)

Handball – mixed 1 48 (51)

Careless fouls – context 10 66 (17)

Careless fouls – mixed 11 63 (15)

Play on – context 4 45 (29)

Play on – mixed 9 38 (23)

Yellow card – context 12 32 (12)

Yellow card – mixed 6 27 (14)

Red card – context 2 10 (20)

Red card – mixed 2 2 (11)

Total decisions – context 51 56 (9)

Total decisions – mixed 53 59 (11)

Total test decisions 104 57 (9)

n: number of decisions in each category.
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(b) The referee began running on the treadmill at a
pace of 10 km/h for 4min, and one experimenter
then increased the speed to 13 km/h for 1min.
This running pattern continued throughout the
60min test. In total, referees ran 10.6 km during
the test, which is on par with elite referees’ typical
distance covered in a match.25 This pace protocol
was chosen by the fitness expert as it allowed the
referees to run a typical full match distance, while
experiencing considerable physical strain, but
without reaching high fatigue too early.

(c) While running, the referee watched the video clips
on the iPad 2 screen and called all of his decisions
out loud as match actions were seen on the screen
(e.g., out, goal, foul, yellow card, penalty). The
second experimenter recorded all decisions on
paper and asked for clarification when needed.

(d) Between the two sections, a 10 s countdown
appeared on the screen, while the referee contin-
ued running.

(e) At 15, 30, 45, and 60min, the referee was asked to
indicate his/her perceived exertion using the Borg
RPE scale.27 The final evaluation (i.e., at 60min)
was carried out while the referee was running at a
speed of 10 km/h.

(f) At the completion of the 60min test, the referee
underwent a cool down on the treadmill, walking
for several minutes while his/her breathing
returned to normal, and then came to a stop.

Procedure

All tests were conducted at the same location, a quiet
gym designated for testing the referees. Potential par-
ticipants were contacted by the first author, who serves
as the sport psychologist of the Israeli Referee Union.
Participation in the study was on a voluntary basis
only. Referees who agreed to participate were invited
to do so on several test days, all during the same time
(16:00–19:00). Testing occurred during the active peri-
ods of the 2017–2018 season, which insured that the
referees had high fitness and performance levels.

First, referees signed a consent form. Next, they
received an explanation of the simulator test and of
their task, including how they should indicate their per-
ceived exertion. They then completed their demo-
graphic details and pre-test feelings and warmed up
for the test. When this was completed, they performed
the simulator test. They were arbitrarily assigned to one
of two conditions: either beginning with the contextual
section and concluding with the mixed section, or vice
versa. Upon test completion, the referees filled out the
post-test feelings assessment, self-rated their perform-
ance, and reviewed with the experimenter their

responses for validation. Finally, the referees were
asked about their personal reflections on the simulator.
At this stage we also confirmed that the referees were
not previously familiar with the test matches; indeed,
they were not.

Data analysis

Preliminary analyses included data inspection, descrip-
tive statistics, and normality and sphericity assump-
tions testing. The referees’ decision-making (DM)
accuracy was obtained in each category, for the context
and mixed sections as a whole, and for their overall
performance. In addition, DM accuracy was calculated
for the beginning and concluding sections for each
referee in each of the four quarters of the test (i.e.,
0–15min, 16–30min, 31–45min, 46–60min). Various
types of decisions were included in each quarter (e.g.,
out of play, corner, play on, yellow card), with rela-
tively similar overall number of decisions, ranging
from 24 to 27. However, quarters 2 and 4 included
more yellow and red cards decisions than quarters
1 and 3.

The data for one referee was incomplete due to
experimenter error, and was omitted from all DM ana-
lyses, though not from the test-assessment analyses. To
examine differences between the two test sections, a
series of repeated measures (RM) analysis of variance
(ANOVA) was performed on all the dependent vari-
ables. Pairwise comparisons were conducted using
least square difference (LSD). To account for potential
violations of sphericity, the Greenhouse–Geisser (GG)
correction was used when necessary. In line with previ-
ous recommendations,29 the adjusted effect sizes are
reported, including Hedges’ g, corrected for small sam-
ples, with 95% confidence intervals (CI). Values of 0.2,
0.5, and 0.8 were interpreted as small, moderate, or
large effects, respectively.30

Results

Simulator test assessment

Table 1 shows test-related factors. The referees
reported high pre-test motivation (M¼ 6.27,
SD¼ 0.83), confidence (M¼ 6.41, SD¼ 0.80), and
focus (M¼ 6.00, SD¼ 0.69). The referees perceived
the test to be somewhat difficult (M¼ 4.68,
SD¼ 1.49), and felt high self-control (M¼ 5.77,
SD¼ 0.92) and attention focus (M¼ 5.41, SD¼ 1.10)
during the test. They also rated their performance as
relatively positive (M¼ 4.95, SD¼ 0.58). Referring to
our study objective, the simulator was received posi-
tively by the referees, both in their inventory responses
and their verbal reports. In general, the referees
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reported that they had felt challenged and had enjoyed
using the simulator. However, even though the test was
demanding both physically and mentally, the referees
did not feel mentally exhausted immediately upon its
completion (M¼ 3.09, SD¼ 1.60). Nine referees
reported the mixed section to be more challenging,
five reported the context section to be more challenging,
and eight reported that each section was similarly chal-
lenging. The test was perceived as moderately represen-
tative of a real match performance (M¼ 3.82,
SD¼ 1.44). Several referees indicated that the iPad 2
screen was small, and that being mounted at a low
angle created some difficulty in clearly viewing the
video clips. A few referees also suggested using videos
from the referee’s point of view to create more realistic
scenes, as well as using a more dynamic running
pattern.

Decision-making accuracy

Table 2 specifies the accuracy levels for all types of
decisions in the context and mixed sections. Accuracy
levels were higher in simple decisions than in more com-
plex ones, GG¼ 32592.30, F(2.65,52.90)¼ 77.42,
p< .01, #2p¼ .795. Specifically, the referees’ total accur-
acy levels were higher for the decisions of out of play
(M¼ 73.81%, SD¼ 17.19) and corners (M¼ 74.07%,
SD¼ 13.30), compared with more complex decisions,
such as careless fouls (i.e., normal match fouls which
do not require a yellow card; M¼ 62.86%, SD¼ 13.93)
and yellow/red cards (M¼ 25.97%, SD¼ 7.89).

Factors associated with decision-making accuracy

Physical strain. The referees’ perceived exertion
increased significantly as the test progressed, from
15th minute to 60th minute, GG¼ 328.32,
F(1.50,29.92)¼ 57.64, p> .01, #2p¼ .742. LSD pairwise
comparisons showed significant (p< .05) differences
among all four time-frames. Perceived exertion at
60min was positively correlated to mental exhaustion,
r (21)¼ .65, p< .01. In two cases, the referees did not
fully complete the testing protocol and asked to
decrease the running pace during the final quarter, as
a result of fatigue.

To test the effects of physical strain on the referees’
DM accuracy, three analyses were performed. First,
Pearson correlation coefficient between the referees’
perceived exertion at the end of the test and their over-
all DM accuracy was low and nonsignificant,
r(20)¼ .15, p¼ .54. Second, the difference between the
first and second sections for each referee was computed
and subjected to an RM ANOVA. DM accuracy was
somewhat better during the second part of the test
(M¼ 59.34%, SD¼ 10.17) than the first part

(M¼ 55.07%, SD¼ 9.31); however, this difference was
nonsignificant, GG¼ 191.16, F(1,20)¼ 1.71, p¼ .21,
#p

2¼ .08, Hedges’ g¼ 0.399 (i.e., a small effect), 95%
CI (#0.212, 1.01). In addition, as perceived, exertion
increased during the test, decision-making accuracy
was tested in each test quarter, under the assumption
that physical strain might be associated with decision-
making accuracy. An RM ANOVA was performed on
DM accuracy during the first, second, third, and fourth
quarters of the test. The analysis resulted in a signifi-
cant test quarter effect, GG¼ 1767.70, F(2.20,
44.37)¼ 4.85, p> .05, #2p¼ .195. Moreover, a significant
cubic trend was evident; LSD pairwise comparisons
indicated a significantly lower DM accuracy in the
second quarter (M¼ 51.83%, SD¼ 11.83) than in the
third quarter (M¼ 64.09%, SD¼ 12.75), Hedges’
g¼ 0.909 (i.e., a large effect), 95% CI (0.274, 1.625).
There was also a significant difference between the
third quarter and the fourth quarter (M¼ 54.76%,
SD¼ 13.09), Hedges’ g¼ 0.659 (i.e., a moderate
effect), 95% CI (0.038, 1.28). Figure 2 shows the results
of the analysis. In addition, to dismiss a possibility that
this effect was related to differences in decision difficulty
among the four test quarters, a secondary analysis was
performed, excluding the more difficult yellow/red
cards decisions. Once more, a significant test quarter
effect was evident, Wilk’s $¼ 0.65, F(3, 18)¼ 3.24,
p< .05, #2p¼ .35. Moreover, a significant cubic trend
was evident; LSD pairwise comparisons indicated a sig-
nificantly lower DM accuracy in the second quarter
(M¼ 62.84%, SD¼ 12.21) than in the third quarter
(M¼ 70.04%, SD¼ 14.16), Hedges’ g¼ 0.134 (i.e., a
small effect), 95% CI (#0.471, 0.739). The fourth quar-
ter (M¼ 64.40%, SD¼ 13.76) indicated lower DM
accuracy than the third quarter, yet this difference
was not significant. Finally, referees’ self-control
during the test correlated with their overall DM accur-
acy, r(21)¼ .54, p< .05, as well as with their self-rated
performance, r(22)¼ .52, p< .05.

Contextual information. There were no significant
differences between referees who began the test with
the contextual section (M¼ 57.87%, SD¼ 7.12) and
those who began with the mixed section
(M¼ 56.54%, SD¼ 10.47), t(19)¼ 0.34, p¼ .74. To
examine within-subject differences between the context
and mixed sections in DM accuracy, an RM ANOVA
was performed. The difference between the context
(M¼ 55.74%, SD¼ 8.91) and mixed (M¼ 58.67%,
SD¼ 10.75) sections failed to reach significance,
GG¼ 90.02, F(1,20)¼ 0.77, p¼ .39, #2p¼ .037, Hedges’
g¼ 0.264 (i.e., a small effect), 95% CI (#0.343, 0.871).
An RM ANOVA applied to the yellow- and red-card
accuracy considering the context and mixed sections
revealed significant context by yellow/red card inter-
action, GG¼ 685.21, F(1,20)¼ 4.91, p< .05, #2p¼ .197,

6 International Journal of Sports Science & Coaching 0(0)



Hedges’ g¼ 0.652 (i.e., a moderate effect), 95% CI
(0.031, 1.273). Referees’ accuracy in yellow- and red-
card decisions was significantly higher in the context
section (M¼ 28.91%, SD¼ 11.17) than in the mixed
section (M¼ 20.83%, SD¼ 11.41).

Discussion

Although the world of soccer refereeing is transform-
ing due to the inclusion of assisting technologies, the
challenge of training referees in decision-making
remains.3,18 The knowledge that each of their deci-
sions is under scrutiny challenges referees to make
accurate decisions, especially in match events that
are not supported by technological assistance.
In this context, the need to develop effective methods
for training soccer referees in decision-making skills
has been highlighted by several authors.6,16,17

The development of innovative simulators was previ-
ously advocated,7 in order to account for limitations
of current methods, which do not consider aspects of
physical and mental strain.

However, researchers are still drawn to using video
clips, presented in a stationary setup. For example, one
study examined whether domain-specific (e.g., video-
based foul decision-making) and/or domain-generic
(e.g., processing speed) perceptual-cognitive skill vari-
ables could discriminate between elite and sub-elite ref-
erees.18 As in previous studies,19 the decision-making
tasks were conducted using video clips in a laboratory
setting, with the absence of physiological demand and
contextual information. The authors suggested that
using video clips ‘‘is representative and closely aligned
with the demands of referees’ everyday performance
context’’ (Spitz et al.,18 p. 54). The authors further com-
mented that more realistic video-based test protocols

should be used as a supplementary tool in the selection
process for elite-level referees.18

We agree that effective training of soccer referees
must involve domain-specific perceptual cognitive
skills. However, we challenge the idea that a stationary
video-based test, with no contextual information, is a
good representation of the actual refereeing task. As
current training methods for developing referees’ deci-
sion-making skills are limited,6,7 our study objective
was to develop a match simulator that reflects the ref-
ereeing task and is highly applicable. Thus, we designed
the simulator in such a way that it could be easily pro-
duced by any referee, as it uses a regular treadmill, a
regular tablet or screen, and TV-broadcast video clips
(i.e., not clips captured from the field level18). In add-
ition, unlike previous studies,18,19 the referees were
asked to call their decisions out loud, rather than
using a computer mouse, making their task closer to
a real match.

The findings indicated that the referees were moti-
vated to use the simulator. The referees also felt that the
simulator was sufficiently demanding. In terms of phys-
ical strain, their perceived exertion increased as the test
developed, and they ran a similar distance to that cov-
ered in a real match. They also felt that the test was
somewhat difficult and evaluated their performance
favorably. However, the referees were not mentally
exhausted upon test completion; in this context, their
mean mental exhaustion was almost identical to that
reported in a previous study, which was conducted
during real matches.26 In addition, mental exhaustion
moderately correlated with perceived exertion, reveal-
ing that referees experiencing higher fatigue also felt
higher mental strain. The referees felt that the simulator
moderately represented a real match. There was some
variance among the referees, which was also verbally
expressed: some appreciated the simulator, while others
highlighted its downsides (e.g., small screen, unrealistic
point of view).

The decision-making accuracy levels were higher for
decisions that involved recognizing a simple action with
limited environmental cues,4 such as out of play or
corner, than for more complex decisions, such as care-
less fouls or issuing yellow/red cards. In the literature,
most studies that have reported decision-making accur-
acy data have referred to fouls15–19,31,32 and offside
decisions.16 Therefore, the accuracy level in all decision
categories in our study could not be compared to other
data. However, our data concerning careless fouls
(n¼ 21, M¼ 62.86%, SD¼ 13.93) are in line with that
of previous studies, which have reported an accuracy
range of 55% to 86%. Note that some studies have
been based on real match performance data,15 whereas
others have used video-based testing of real match
events18,19 or animated events (Catteeuw et al.,16 for
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offside events). Furthermore, the present study’s data
concerning accuracy level of difficult match decisions,
involving yellow and red cards (M¼ 25.97%,
SD¼ 7.89), somewhat resembled the 36% accuracy
rates reported in a previous study.31 The similarities
between the present results and those of previous
studies provide a degree of validation for the new simu-
lator as a tool that can produce adequate decision-
making performance.

Current decision-making training of soccer referees
is typically conducted using video clips in a stationary
mode, without challenging referees with any physical
strain. However, previous research indicated that
acute high-intensity physical exercise can lead to a
decline in cognitive performance (e.g., reaction time,
memory), measured during exercise20 or immediately
following the exercise21,22). For example, a study with
recreational athletes who completed a cognitive func-
tioning battery test immediately following a treadmill
maximal exercise test indicated a decrease in verbal
memory, immediate recall memory, and delayed recall
memory.21 Therefore, we wished the simulator task to
be physically demanding, thereby creating a training
modality that is closer to a real match, as this setting
can challenge referees’ cognitive processing.

The findings indicated a complex effect of the accu-
mulated performance time on decision-making accur-
acy: accuracy levels decreased from the first to the
second quarter (although this finding was not statistic-
ally significant), and then peaked during the third quar-
ter of the test compared with the second and fourth
quarters. This trend somewhat resembled a previous
study,15 which analyzed referees’ real performance
data (i.e., 380 foul decisions) from the FIFA 2009
Confederations Cup. There, referees’ accuracy levels
decreased progressively until the 60th minute of the
match, then peaked (61–75min), and substantially
decreased again in the last 15min. In the present
study, the referees switched during the third quarter
of the test between the context and the mixed sections
(or vice versa). It seems that changing from one section
to another challenged the referees to increase their con-
centration, and, as a result, their accuracy levels.
However, this mental demand, together with the accu-
mulated physical strain, resulted in a performance dec-
rement. It should be noted, however, that the present
study’s task was not identical to the real matches ana-
lyzed by Mallo et al.15 Also, we did not control
for decision difficulty levels among the four test quar-
ters. The second and fourth sections included more
yellow/red cards decisions, which could account for
some of the differences in decision-making accuracy
among the four quarters. Nevertheless, an additional
analysis that excluded the yellow/red cards decisions
further indicated the above trend. Therefore, it is

possible that the simulator in our study allows ref-
erees to perform towards a potential reduction in per-
formance due to fatigue. In this context, the current
findings revealed that perceived self-control in the test
positively correlated with referees’ performance. This
finding is in line with a previous study on the effects
of self-control strength on referees’ performance in real
matches.26

Acknowledging the lack of contextual information
in the current training methods, we included a context-
ual section in the simulator test. Previous studies indi-
cated that contextual information such as the teams’
characteristics, the score, the match playing time, and
the referee’s prior decisions might influence current
decisions.10,12 The findings revealed that for overall
accuracy there were no significant differences between
referees’ performances in the two sections. However,
referees were significantly more accurate in issuing
yellow/red cards when performing in the context sec-
tion than in the mixed section. Though the accuracy of
their cautionable decisions was low, referees were more
accurate when experiencing the match in its real
sequence, compared to in the mixed condition. This
may be related to the referees’ ability to anticipate
events and develop a more accurate feeling for the
match when it is in context.33 The referees also indi-
cated that the mixed section was more difficult com-
pared to the context one. It should be noted,
however, that we refrained from controlling the deci-
sion difficulty levels in the two sections. Furthermore,
the two sections included different matches with differ-
ent decision-making requirements. Thus, any specula-
tions concerning the study’s findings should be made
with caution and further research must determine the
validity of this effect.

Implications for training

This study’s findings present some potential implica-
tions for the training of soccer referees. Typically,
referees train in decision-making either by watching
out-of-context video clips in a stationary mode, or
through on-field simulations. As previously discussed,
both methods have limitations. While the video-based
approach is cost effective, it does not represent the
actual refereeing task. The on-field simulations are
more representative, yet they are costly and can only
train in a few decisions during a single session. The new
test simulator proposed here bridges these gaps in ref-
erees’ training methods by allowing them to perform
sequential decision-making in a way that is much
closer to their actual task. The method is also relatively
cost effective, as it was designed using ordinary compo-
nents. However, the actual training effects of this new
tool must further be examined.
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Referees can make the simulator even more effective
by using a larger screen, mounted in a frontal position,
and by creating more challenging running patterns.
Referee coaches can also create various stress manipu-
lations to examine effects on referees’ decision-making
and to train them in coping strategies. In addition to
direct training related to various decisions, we recom-
mend that referees use the new simulator while prepar-
ing for their season, and during season breaks, to
maintain refereeing fitness. Finally, we advocate the
use of this tool by referee unions to test referees’ deci-
sion-making skills in a demanding task. As referees
achieved accuracy levels that are comparable to those
found in previous studies, it is conceptually more justi-
fiable to test them in a task that combines physical and
mental strain. We also recommend decision-making
testing to consider the role of contextual information.
Currently, video testing is not conducted using all con-
textual information, as the referees watch segmented
clips (as in the mixed section of the present test). Our
findings support the inclusion of contextual informa-
tion to increase referees’ accuracy in cautionable foul
decisions.

Study limitations

There are several limitations to this study. First, the
sample was relatively small, although it represented
the referee population well. As the simulator task was
highly demanding, and the target population was small,
we were unable to obtain data from additional referees.
It is certainly possible that in some analyses this limited
the study’s power. However, we reported the adjusted
effect sizes to somewhat compensate for this limitation.
Moreover, the small sample size prevented us from
having a control group of referees, who would have
provided their responses to the test without running
on the treadmill. There were also limitations in the
simulator design: since our main objective was to gen-
erate an applicable simulator, we did not use custom-
made videos from the referee’s perspective. Previous
studies have used both custom-made video clips18 and
real match footage.19 In addition, we did not wish to
impact the fluency of our video clips, and therefore the
image of the match referee was not edited out. Thus, we
were unable to determine how decisions made by the
actual match referee might have influenced the partici-
pants’ decisions. We also refrained from matching the
decision difficulty levels in the contextual and mixed
sections in the four 15min sections of the test.

Conclusion

The world of soccer is going through a technological
revolution. Still, effective training of referees in

decision-making remains a challenge. This study pre-
sents a new simulator designed to allow soccer referees
perform sequential decision-making. Referees’ careless
foul decision accuracy levels were in line with those of
previous studies. The new tool presents a potentially
innovative approach to decision-making training, con-
sidering significant factors, such as physical load and
contextual factors, which so far have been overlooked
by researchers as well as professional refereeing
coaches.
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