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Abstract

Referees in sports games have a high level of responsibility as
they have to make correct and appropriate decisions at any point
during a match. Regarding referees’ decision-making (RDM) as
a perceptual-cognitive process, evidence suggests that physical
load might reduce cognitive performance and thus might reduce
RDM performance as well. In consideration of increasing game
dynamics, referees have to cope with high physical load, but they
have to make correct and appropriate decisions further on. Here,
we review the current state of research on the relationship be-
tween physical load and RDM. A scoping review was performed,
in accordance with the PRISMA guidelines, using the following
databases: Scopus, PubMed, Web of Science (all databases),
SURF and SPONET (both with an English and German search).
Only primary studies written in English or German that investi-
gated the relationship between physical load and RDM in sports
games were included. Eleven studies included in the review in-
vestigated six physical parameters and RDM: match period, ve-
locity, blood lactate, running time, heart rate, distance covered.
Most findings of the studies showed no relationship between
physical load and RDM (n = 18). Thirteen findings suggest a neg-
ative relationship and three findings indicate a positive relation-
ship between physical load and RDM. Results of the scoping re-
view show contradictory evidence across and within investigated
different physical parameters. As RDM consists of multi-factorial
components, it is recommended to conduct systematic research
programs — field as well as experimental studies — to resolve the
missing control of potential confounding variables and to con-
sider the difference of internal and external load.

Key words: Performance, accuracy, stress, exertion, umpire, of-
ficiating.

Introduction

Referees in sports games have the responsibility to ensure
that teams and players always abide by the sport-specific
rules and intervene when a team or a player infringed a rule
(Reilly and Gregson, 2006; Rullang et al., 2017). There-
fore, a central task in officiating sports games is to make
decisions about technical, offensive and defensive in-
fringements (Bar-Eli et al., 2011; Plessner et al., 2009). As
referees’ decisions can ultimately impact a game’s out-
come (Larkin et al., 2014; MacMahon et al., 2015), it is
indispensable that referees’ decision-making (RDM) is on
a high level (Helsen et al., 2019; MacMahon et al., 2015).
This includes that referees are able to apply the sport-spe-
cific rules during the entire match; that is, they need to have
a well-developed physical fitness in order to keep up with
the match dynamics when officiating (Kittel et al., 2019;
MacMahon et al., 2015; Plessner and MacMahon, 2013;

Reilly and Gregson, 2006). Mascarenhas et al. (2005) em-
phasize the relevance of both RDM and physical fitness for
appropriate officiating when identifying five cornerstones
of referees’ performance: (1) personality and game man-
agement, (2) physical fitness, positioning and mechanics,
(3) knowledge and application of the law, (4) contextual
judgement and (5) psychological characteristics of excel-
lence. However, albeit highlighting the important role of
both RDM and physical fitness, the authors’ model does
not take into account potential relationships between cor-
nerstones, RDM and physical fitness in particular whereby
the central parameter of RDM is the correctness of the de-
cisions made by the referees (Schweizer et al., 2011).

From this point of view, the relationship between
RDM and physical load is of particular interest. Referees’
decisions are a perceptual-cognitive process (Helsen et al.,
2019; Plessner and Haar, 2006; Schmidt et al., 2019),
which might be impaired through high physical stress
(Chang et al., 2012; Schmidt et al., 2019; Tomporowski,
2003). High physical stress can, for example, lead to an ex-
cessive enrichment of nor-epinephrine, which can result in
a reduction of neuronal activity in the prefrontal cortex and
ultimately cause a reduction in attention and executive
functions (Arnsten, 2009; Schmidt et al., 2019). Thus,
physical load may impair referees’ attentional control and,
as a consequence, their decisions (Helsen et al., 2019;
Schmidt et al., 2019).

Since decision-making is considered as an im-
portant task in officiating (Kittel et al., 2019), it is neces-
sary to understand the relationship between physical load
and RDM. Here we review the evidence on the relationship
between physical load and RDM in sports games.

Methods

The scoping review was performed according to the Pre-
ferred Reporting Items for Systematic Reviews guideline
(PRISMA; Mobher et al., 2009).

Information sources and search strategy

The systematic search was carried out on September 4,
2019, by using the following databases: Web of Science
(all databases), Scopus, PubMed, SURF and SPONET.
Searches in SURF and SPONET were conducted in Eng-
lish as well as in German. The option ‘advanced searches’
was chosen for searches in Web of Science, PubMed and
Scopus with regard to the articles’ title, abstract and key-
words. “All Field” searches were executed in SURF and
SPONET. The development and selection of the final
keywords used was a process consisting of several search
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attempts and corresponding adjustments, which were dis-
cussed with all authors to improve the quality of the key-
words and the search. In the end, the following search
terms are used: “(referee* OR umpir* OR officiating)
AND (“decision-making” OR performance OR judg*)
AND (stress OR strain OR effort OR load OR exertion OR
pressure)”. The general German search term was:
“(Schiedsrichte*) AND (Entscheid* OR Leist* OR Bew-
ert*) AND (Stress OR Belastung OR Anstrengung OR
Beanspruchung OR Erschopfung OR Druck)”.

Eligibility criteria and study selection
To be included in the review, articles must strictly fulfil the
following inclusion criteria. Articles have to be primary
studies and investigate the relationship between physical
load and RDM. They must also refer to sports games and
be written in English or German. We set no limitation to
the year of publication. Besides, articles were excluded
when meeting defined exclusion criteria: articles are re-
views, abstracts, project descriptions, conference papers,
interviews, theoretical papers or dissertations. Studies re-
ferring to athletes, studies without reference to sport games
or articles not written in English or German were also ex-
cluded.

In accordance with the PRISMA approach (Moher
et al., 2009), a dditional articles were appended in the

selection process after the database search was conducted.
Afterwards, duplicates were excluded and titles, abstracts
and the written languages were screened and excluded
when not meeting inclusion criteria. To ensure that no rel-
evant article was excluded, critical articles were kept up
and were discussed by the authors. Finally, full-texts were
analysed and discussed before exclusion. The remaining
articles were integrated into the scoping review (see
PRISMA flowchart in Figure 1).

Data extraction

For each study selected for inclusion in the review, the fol-

lowing parameters were extracted:
o Study characteristics: sport, sample, referee type, ex-
pertise (level of officiating, experience), sex, age and a
brief report of the measurement
e Study results categorized by physical parameters and
physical load (external or internal load), a short descrip-
tion of the results and its statistical key figures

As outcomes and reports of the studies were not uni-
form, data were processed for a scoping review. This type
of review article aims at a first examination of the existing
evidence on a research subject especially for elaborating
future research (Tod, 2019).
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Figure 1. Flow diagram (Moher et al., 2009).
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Risk of bias

All studies included in this review were assessed with re-
gard to risk of bias by the authors. To this end, we used the
Mixed Methods Appraisal Tool (MMAT; Hong et al.,
2018) to assess the methodological quality of included
studies. Criteria and the assessment of the risk of bias of
included studies are illustrated in Table 1.

With reference to the quality assessment with the
MMAT, we follow the MMAT publishers’ recommenda-
tion to not report a numeric score to better inform about the
quality of the studies and to avoid misunderstandings by

Table 1. Characteristics of the included studies.

discussing meanings of the ratings (Hong et al., 2018).

Results

Study selection

A total of n = 2,250 potential articles were identified
through the literature search. Of those, n = 2,224 articles
were found in the database search and n = 26 additional
articles were included in the selection process, as required
by PRISMA. Additional articles were obtained by screen-
ing references from relevant articles. After excluding

Sample Referee Expertise
Study Sport (n) type Level Experience Sex Age Measurement
Ahmed et al. Futsal 18 R Experts > Sy Male 34.1#3.2y - Rrecorded in nine
(2017) competitive matches
- R decisions assessed by three
futsal experts
Catteeuw et al. Soccer 10 AR Experts FIFA:2.6+3.3y NR NR - Video assessment of offside
(2010) EPL: 4.8+5.1y situations with ProZone®
38 AR 6.6 5.7y
Elsworthy etal.  Australian 29 Umpire  Experts NR NR  32.446.1ly - Movement demands meas-
(2014) football ured with GPS
- Decisions assessed by AFL
coaching staff (n = 3)
- Video analysis by the authors
Emmonds et al. Rugby 8 R Experts 7.3+4.3y NR  353+7.ly - Movement demands meas-
(2015) ured with GPS
- Video-assessment of penalty
accuracy in 10-minutes
periods
Gomez-Carmona  Soccer 5 AR Advanced NR NR 21.2+0.98y - Recorded/ monitored in four
and Pino Ortega R Advanced games
(2016) - R decisions assessed by five
experts
Larkin et al. Australian 15 Umpire Experts 2352+ 151.3 NR  36+13.5y - Blood lactate and video test
(2014) football matches after each quarter
- GPS monitoring for move-
ment demands
Mallo et al. Soccer 10 R Experts  FIFA license: NR  39.4+2.4y - Matches recorded during
(2012) 20 AR 92+4.1ly 37.3+4.0y  FIFA confederations Cup 2009
5.8+3.8y in South Africa
- Decisions assessed by top-
class referees (n = 3; experi-
ence: 9.7 = 1.5y)
Mascarenhas etal.  Soccer 5 R Experts >4y Male 38.24+5.89y - Recorded/ monitored in
(2009) seven games
- Assessment by an authors
Oudejans et al. Soccer 4 AR Experts > Sy Male 422y - Four matches recorded
(2005) - Video analysis of offside
situations
Paradis et al. Australian 10 Umpire Sub-elite 8.86+2.04y NR 2.86+3.39y - Physical exercise (10x300m
(2015) football 8 Umpire  Junior NR 22.38+10.5y runs) with a video test each
round
Samuel et al. Soccer 22 R Experts 5-23y Male 27.14£6.4 - Video-based decision test on

(2019)

a treadmill with variable speed

R =referee, AR = assistant referee, EPL: English Premier League, y = years, m = matches, NR = not reported, + = standard deviation
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duplicates, n = 1,854 articles remained for further analyses.
Subsequently, these articles were screened with reference
to their written language, title and abstract. As a result, n =
1,842 articles were excluded, because they did not fulfil the
inclusion criteria. The remaining n = 12 articles underwent
a full-text analysis against the eligibility criteria. This led
to further exclusion of n = 1 article. Finally, n = 11 articles
were included in the qualitative analysis (see Figure 1).

Sports games and referee type

Most of the included studies were carried out in soccer (N
= 6) followed by Australian football (n = 3), rugby (n =1)
and futsal (n = 1). The participants’ referee type comprised
umpires (Australian football), referees (soccer, futsal and
rugby) and assistant referees (soccer). Participants offici-
ated at least on an advanced level (n = 24), but most partic-
ipants were experts (N = 179). Detailed study characteris-
tics are listed in Table 1.

Measurement

Included studies differ in the selected approach of analys-
ing the relationship between physical load and RDM. In
eight studies, video-analysis of recorded matches were
conducted and thus RDM was analysed on-field (Ahmed et
al., 2017; Catteeuw et al., 2010; Elsworthy et al., 2014a;
Emmonds et al., 2015; Gomez-Carmona and Pino-Ortega,
2016; Mallo et al., 2012; Mascarenhas et al., 2009;
Oudejans et al., 2005). With the exception of the study by
Catteeuw et al. (2010), selected video-sequences were as-
sessed by experts (Ahmed et al., 2017; Elsworthy et al.,
2014a; Emmonds et al., 2015; Gomez-Carmona and Pino-
Ortega, 2016; Mallo et al., 2012; Mascarenhas et al., 2009;
Oudejans et al., 2005).

Three studies used video-based decision tests con-
ducted in the laboratory (Paradis et al., 2015; Samuel et al.,
2019) or in the half times of real matches (Larkin et al.,
2014). The video-sequences were assessed by experts too
(Larkin et al., 2014; Paradis et al., 2015; Samuel et al.,
2019).

Table 2. Assessment of the risk of bias (appraised with the MMAT).

Quality assessment

Four included studies were categorized as quantitative non-
randomized studies (Larkin et al., 2014; Mascarenhas et al.,
2009; Paradis et al., 2015; Samuel et al., 2019) and seven
studies as quantitative descriptive studies (Ahmed et al.,
2017; Catteeuw et al.,, 2010; Elsworthy et al., 2014a;
Emmonds et al., 2015; Gomez-Carmona and Pino-Ortega,
2016; Mallo et al., 2012; Oudejans et al., 2005). Regarding
the four quantitative non-randomized studies, two studies
(Larkin et al., 2014; Mascarenhas et al., 2009) fulfil four of
five criteria while the other two studies met three criteria
(Paradis et al., 2015; Samuel et al., 2019). We could not
assess criterion number 5 of the quantitative non-random-
ized studies (if the studies are administered as intended), as
it was not explicitly reported. Assessing the other seven
studies, all studies met three of five criteria (Ahmed et al.,
2017; Catteeuw et al., 2010; Elsworthy et al., 2014a;
Emmonds et al., 2015; Gomez-Carmona and Pino-Ortega,
2016; Mallo et al., 2012; Oudejans et al., 2005). Meanings
of and reasons for this assessment will be reconsidered at a
later stage of this review. An overview on the assessment
of the risk of bias is given in Table 2.

Aspects of physical load

Results of the included studies were summarized in Table
3. Eight studies investigated the relationship between
match period and RDM (Ahmed et al., 2017; Catteeuw et
al., 2010; Emmonds et al., 2015; Gomez-Carmona and
Pino-Ortega, 2016; Larkin et al., 2014; Mallo et al., 2012;
Mascarenhas et al., 2009), followed by six studies that ex-
amined the relationship between referees’ velocity and
RDM (EL; Catteeuw et al., 2010; Elsworthy et al., 2014a;
Emmonds et al., 2015; Gomez-Carmona and Pino-Ortega,
2016; Mascarenhas et al., 2009; Oudejans et al., 2005).
Three studies investigated the relationship between the ref-
erees’ heart rate and RDM (Emmonds et al., 2015; Gomez-
Carmona and Pino-Ortega, 2016; Mascarenhas et al., 2009)
and two studies assessed the relationship between the
total distance covered and RDM (Emmonds et al., 2015;

Ahmed  Catteeuw Elsworthy Emmonds Gomez-Carmona Mallo Oudejans
Quantitative descriptive studies et al. et al. et al. et al. and Pino Ortega et al. et al.
(2017) (2010) (2014) (2015) (2016) (2012)  (2005)
Is the sampling strategy relevant to address the
; 1 1 1 1 1 1 1
research question?
Is the sample representative of the target
. 1 1 1 1 1 1 1
population?
Are the measurements appropriate? 0 0 0 0 0 0 0
Is the risk of non-response bias low? 0 0 0 0 0 0 0

Is the statistical analysis appropriate to answer
the research question?

1

1

1 1

Ju—
J—
Ju—

Quantitative non-randomized studies

Larkin et Mascarenhas Paradis et Samuel et
al. (2014) et al. (2009) al. (2015) al. (2019)

Are the participants representative of the target
population?

Are measurements appropriate regarding both
the outcome and intervention (or exposure)?
Are there complete outcome data?

Are the confounders accounted for in the de-
sign and analysis?

During the study period, is the intervention ad-
ministered (or exposure occurred) as intended?

1

1
1
1

1

1
1

1 1
1 1
1 1
0 0
c c

*Legend: 1 =yes, 0 =no; ¢ = can’t tell



BloB et al.

153

Table 3. Results of the included studies.

physical exertion 4 — quarter four

Load | Study Description p d r
A Ahmed et al. (2017) 1%t half vs. 2" half:
91.1 £ 14.9% vs 73.3 £ 17.4% correct decisions 0.007 | NR | NR
1.7 £5.3% vs. 8.8% contentious decisions 0.068 | NR | NR
7.2+ 14.4% vs. 17.9 = 17.1% incorrect decisions 0.041 | NR | NR
24.8 + 18.4% vs. 75.2 + 18.4% missed fouls 0.002 | NR | NR

Catteeuw et al. (2010) | Uniform distribution of correct and incorrect decisions over six 15-minutes 091 | NR | NR
periods

Emmonds et al. (2015) | Moderate increase of accuracy from minutes 40-50 to 50-60 NR | 0.7 | NR
Moderate decrease of accuracy in the last 10 minutes of the game NR [0.86| NR
No difference in decision-making accuracy in 10-min periods 0.557 | NR | NR

Gomez-Carmona and 69% mistakes in 1% half vs. 31% in 2" half NR | NR | NR

Pino Ortega (2016)

Larkin et al. (2014) Improvement of decision-making performance from quarter two to quarter four | 0.002 | NR | NR
Improvement of decision-making performance from quarter three to quarter 0.001 | NR | NR
four

Mallo (2012) R: no uniform distribution of errors for six 15-min periods. Higher error 0.013 | NR | NR
percentage in last 15-min: 1% 15-min= 7%]| 2™ 15-min= 9%]| 3™ 15-min= 12%)|
4™ 15 min= 17%| 5" 15-min= 9%| 6" 15-min= 23% 0.002 | NR | NR
AR: no uniform distribution of errors for six 15-min periods. Higher error per-
centage in last 15- min: 1% 15-min= 6%]| 2" 15-min= 10%] 3™ 15-min= 10%|
4% 15 min= 19%| 5" 15-min= 25%] 6" 15-min= 21%

Mascarenhas et al. Less accurate in the first 15-min in each half, but not statistically significant: NR | NR | NR

(2009) 15t 15-min= 51%] 2™ 15-min= 69%| 3™ 15-min= 70%

Samuel et al. (2019) Lower accuracy in the second quarter compared to the third quarter NR [091| NR
Lower accuracy in the fourth quarter compared to the third quarter NR [0.66| NR
No difference between first and second section (both lasts 30 minutes) 0.21 | NR | NR

B Catteeuw et al. (2010) | The error rate was uniformly distributed over six 15-min periods regarding 0.24 | NR | NR
movement speed of AR

Elsworthy et al. (2014) | No relationship between correct and incorrect decisions at instantaneous <0.05| NR | NR
velocity at the time of the decision 0.018 | NR | NR
Lower running speed at incorrect decisions over the prior 5 seconds compared
to correct decisions

Emmonds et al. (2015) | No relationship between the referees’ velocity and decision-making accuracy NR | NR [0.36

Gomez-Carmona and Most errors at slow velocity of the R (35.2%): >18 km/h ~ 4% | 13-18 km/h ~ NR | NR | NR

Pino Ortega (2016) 8% | 7.2-13 km/h ~ 19% | 3.6-7.2 km/h ~ 29%

Mascarenhas et al. No relationship between referees velocity and decision-making accuracy 0.9 [0.02| NR

(2009)

Oudejans et al. (2005) | R make more errors when running or sprinting (>8 km/h) compared when 0.05 | NR | NR
jogging or walking

C Paradis et al. (2015) No relationship between running time and decision-making performance >0.05| NR | NR
D Emmonds et al. (2015) | No correlation between distance covered and decision-making accuracy NR | NR [-0.02
E Emmonds et al. (2015) | No correlation between heart rate (mean) and decision-making accuracy NR | NR | 0.2

Gomez-Carmona and Errors occur when heart rate above 75%, especially when HR is between 85- NR | NR | NR

Pino Ortega (2016) 95% (67.7%) and over 95% (26.7%)

Mascarenhas et al. No difference between heart rate at correct (165.5 + 12.5 bpm) and incorrect 09 |o0.01! NR

(2009) decisions (165.6 + 13.3 bpm) ) )

F Larkin et al. (2014) No relationship between physical exertion (blood lactate) and decision-making
perfqrmance fpr each quarter: 0563 | NR | NR
physical exertion 1 — quarter one
physical exertion 2 — quarter two OB T AR AR
physical exertion 3 — quarter three Y
0.579 | NR | NR

*Load: A = match period, B = velocity, C = running time, D = distance covered, E = heart rate, F = blood lactate.
TAbbreviations: R = referees, AR = assistant referees, AFO = Australian field officials, NR= not reported, p = statistical significance, d = effect size, r

= correlation, + = standard deviation

Mascarenhas et al., 2009). Finally, one study examined
the relationship between blood lactate (Larkin et al., 2014)
respectively running time and RDM (Paradis et al., 2015).

Match period. Five studies found a negative rela-
tionship between match period and RDM, which means
that with increasing playing time RDM decreased (Ahmed

et al., 2017; Emmonds et al., 2015; Gomez-Carmona and
Pino-Ortega, 2016; Mallo et al., 2012; Samuel et al., 2019).
Another five studies did not find evidence of a negative or
positive relationship between match period and RDM
(Ahmed et al., 2017; Catteeuw et al., 2010; Emmonds et
al., 2015; Mascarenhas et al., 2009; Samuel et al., 2019).
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Two studies revealed an increase of RDM with increasing
playing time (Emmonds et al., 2015; Larkin et al., 2014).

Samuel et al. (2019; soccer) found a drop in RDM
from the second to the third quarter (effect size: d = 0.91)
as well as from the third to the fourth quarter (d = 0.66).
Two studies, carried out in futsal (Ahmed et al., 2017) and
soccer (Mallo et al., 2012), showed that RDM dropped in
the second half of a game. In contrast, Samuel et al. (2019)
did not find a difference between half times. Likewise,
Ahmed et al. (2017) did not find a drop in RDM at conten-
tious decisions either. Three studies did not reveal a rela-
tionship between 10-minute or 15-minute periods and
RDM (soccer: Catteeuw et al., 2010; rugby: Emmonds et
al., 2015; soccer: Mascarenhas et al., 2009). However, two
studies found a decrease in RDM in the last 10 minutes
(rugby: d = 0.86, Emmonds et al., 2015) respectively 15
minutes (soccer: Mallo et al., 2012) of a match. At last, two
studies revealed a positive relationship between playing
time and RDM (rugby: Emmonds et al., 2015; Australian
football: Larkin et al., 2014).

Velocity. The Relationship between referees’ veloc-
ity and RDM was analysed with the instantaneous referees’
velocity at the time of the decision (Catteeuw et al., 2010;
Elsworthy et al., 2014a; Emmonds et al., 2015; Gomez-
Carmona and Pino-Ortega, 2016; soccer: d = 0.02,
Mascarenhas et al., 2009; Oudejans et al., 2005) and with
the running speed prior to the decision (Elsworthy et al.,
2014a).

Examining first the relationship between the refer-
ees’ instantaneous velocity and RDM, two studies revealed
a decrease of RDM with increasing velocity (soccer:
Gomez-Carmona and Pino-Ortega, 2016; soccer: Oudejans
et al., 2005) while four studies did not indicate a positive
or negative relationship between the referees’ velocity and
RDM (soccer: Catteeuw et al., 2010; Australian football:
Elsworthy et al., 2014a; rugby: Emmonds et al., 2015;
soccer: d = 0.02, Mascarenhas et al., 2009). A closer look
at the two studies that reveal a negative relationship be-
tween the referees’ velocity and RDM indicates contradic-
tory findings: Gomez-Carmona and Pino-Ortega (2016)
found that most errors occur at slow velocity (<8 km/h;
soccer), while Oudejans et al. (2005) found that errors oc-
cur more often at higher velocities (> 8km/h; soccer). As
mentioned, four studies show no change of RDM in terms
of the distribution of errors according to six different cate-
gories of speed (standing: 0.0 — 0.1 m/s, walking: 0.2 - 1.9
m/s, jogging: 2.0 — 3.9 m/s, running: 4.0 — 5.4 m/s, high-
intensity running: 5.5 — 6.9 m/s, sprinting: >7.0 m/s;
soccer: Catteeuw et al., 2010) nor to the instantaneous ve-
locity at the time of the decision (Australian football:
Elsworthy et al., 2014a; rugby: Emmonds et al., 2015;
soccer: Mascarenhas et al., 2009).

At least, Elsworthy et al. (2014a) investigated the
relationship between RDM and the referees’ velocity five
seconds, thirty seconds, one minute and five minutes prior
to the decision. Results indicate that the referees’ velocity
five seconds prior to incorrect decisions was significantly
higher compared to correct decisions.

Running time. Paradis et al. (2015) investigated the
relationship between running time and RDM in Australian
football (Australian football: Paradis et al., 2015), but they

did neither find a negative nor positive relationship.

Distance covered. No relationship was found be-
tween the total distance covered and RDM (rugby:
Emmonds et al., 2015; soccer: d = 0.27, Mascarenhas et al.,
2009).

Physiological parameters. Two studies did not find
a relationship between heart rate and RDM (rugby:
Emmonds et al., 2015; soccer: d = 0.01, Mascarenhas et al.,
2009), while one study revealed a drop in RDM especially
when the heart rate was above 85% (soccer: Gomez-
Carmona and Pino-Ortega, 2016). One study examined
physical exertion with blood lactate did not find evidence
for a relationship between physical exertion and RDM
(Australian football: Larkin et al., 2014).

Overall, most findings in this review did not reveal
a negative or positive relationship between physical load
and RDM (n = 18; Ahmed et al., 2017; Catteeuw et al.,
2010; Elsworthy et al., 2014a; Emmonds et al., 2015;
Larkin et al., 2014; Mascarenhas et al., 2009; Paradis et al.,
2015; Samuel et al., 2019). However, n = 13 findings point
to a negative relationship between physical load and RDM
(Ahmed et al., 2017; Elsworthy et al., 2014a; Emmonds et
al., 2015; Gomez-Carmona and Pino-Ortega, 2016; Mallo
et al., 2012; Oudejans et al., 2005; Samuel et al., 2019),
while only two studies suggest an increase of RDM with
increasing load (match period; Emmonds et al., 2015;
Larkin et al., 2014).

Discussion

Empirical evidence

Recent studies examined the physical demands imposed on
referees across various sports games, especially in soccer
(Castagna et al., 2007) and Australian football (Elsworthy
et al., 2014b). Current trends in competitive sports show
increasing game dynamics and thus altered physical load
not only for players but also referees (Bilge, 2012;
Dolanski et al., 2017; Mascarenhas et al., 2005; Weston et
al., 2007). Hence, referees are required to cope with phys-
ical load (Brightmore et al., 2016; Dolanski et al., 2017;
Leicht, 2008; Martin et al., 2001; Weston et al., 2007)
when making decisions in a match or day by day in a tour-
nament (Helsen and Bultynck, 2004). Thus, it is important
to focus on referees’ physical fitness and the relationship
between physical load and RDM, as RDM might decrease
with increasing physical load (Helsen et al., 2019; Schmidt
et al., 2019). Therefore, the aim of this review was to pro-
vide an overview of studies examining the relationship be-
tween physical load and RDM. Our findings suggest that
empirical evidence is unclear and contradictory.

Methodological assessment

With regard to the risk of bias, an advantage of the seven
studies conducting video-analyses is that the referees made
decisions in real-world situations. Thus, these studies prob-
ably have high external validity. However, such approach
does not enable to control and vary the independent varia-
bles nor to identify and control confounding variables.
Consequently, the above seven studies’ conclusions on the
relationship between physical load and RDM have to be
treated carefully as the results might be impaired due to
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confounding variables, for example crowd noise (e.g.,
Unkelbach and Memmert, 2010). Lab-based studies, in
turn, may ensure high internal validity by identifying and
controlling confounding variables, systematically varying
the independent variable(s) and minimizing error variance
(Aziz, 2017). Hence, lab-based studies can provide first un-
derstanding of the suggested systematic relationship be-
tween physical load and RDM as well as about confound-
ing variables. Overall, to comprehensively add to both the-
ory and practice, and reduce the risk of bias, we recom-
mend a combination of a lab-based and field-based. Both
have specific advantages, in systematic research programs
comprising several studies which build upon each other
(Biisch, 2019). Research programs should base on theoret-
ical models that allow deriving testable hypotheses.

Furthermore, most studies examined the relation-
ship between external load and RDM rather than internal
load and RDM. This may be problematic because external
load is more a kind of description of a physical task (e.g.,
distance). Internal load, however, is an individual’s psy-
chophysiological response to external load (Impellizzeri et
al., 2019). Thus, different individuals (e.g., referees) can
experience the same external load (e.g., operationalized by
match period) as differently exhausting (Impellizzeri et al.,
2019). Therefore, we recommend that future studies should
test the hypothesized relationship between physical load
and RDM with consideration of external and internal load.
By controlling the internal load, it can be ensured that an
individualized external load leads to a comparable internal
load, e.g. relative heart rate (Impellerizi et al., 2019), in or-
der to examine the relationship between physical load and
RDM inter-individually and to make intra-individual com-
parisons more reliable.

Limitations

The present review does not provide a clear picture of evi-
dence regarding the relationship between physical load and
RDM. First of all, this might be due to the low number of
studies included in this review. Furthermore, studies were
conducted in different sports and this may render compar-
isons across studies potentially difficult, although it also
remains open whether there are any sport-specific differ-
ences at all. Likewise, consideration of different referee
types (e.g., referee or assistant referee in soccer) across
studies might have enhanced heterogeneity in findings, as-
suming that different referee types are faced with different
physical as well as decision-making demands (Mallo et al.,
2012).

Conclusion

Based on this scoping review, we conclude that the current
state of evidence on the relationship between physical load
and RDM is contradictory and thus inconclusive. This re-
fers to evidence across and within physical parameters. Fi-
nally, in view of the risk of bias described above, we sug-
gest a combination of lab- and field-based approaches as
part of systematic research programs aiming to determine
the impact of selected physical load parameters on RDM
under naturalistic conditions.
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Key points

e Officiating in sport games requires high-level deci-
sion-making under various constraints.

e A scoping review was conducted on the relationship
between physical load and RDM.

e Most studies suggest that physical load is not or neg-
atively correlated with RDM.

e Conclusions, however, are limited due to the low in-
ternal validity of the included studies.

e Systematic research programs with targeted isolated
testing of the relationship between physical load and
RDM are recommended.
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