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ABSTRACT  Although sports officials are essential in the adjudication of rules during competitions, research
into officiating populations is preliminary. This review explores existing research on the effects of sleep loss
on decision-making in athlete populations, to gain relevant insight into sports officials and the growing de-
cision-making demands of their role. Specifically, cognitive factors that influence decision-making are iden-
tified, and the potential relationship between sleep/wake behaviours and decision-making in sports officials
were examined. Particular focus was granted to sleep, specifically sleep restriction in athlete populations,
and the hypothesized relationship between sleep/wake behaviours and decision-making in sports officials.
Impaired sleep duration and quality has been shown to impair cognitive performance. In the context of sport,
impairments to sleep can negatively impact motivation, physical strength, reaction time, and decision-mak-
ing, all of which are imperative to the role of the sports official. Despite numerous studies demonstrating that
sleep loss reduces cognitive performance in athletes, this review revealed that similar research in sports offi-
cials has surprisingly yet to be conducted. Since sports officials require a high level of cognitive and physical
skills to make correct decisions, an inquiry into the influence of sleep on cognitive performance may encour-
age research that facilitates improved performance training methods for decision-making in officials. Such
findings are important to maintain the standard of officiating and allow for the development of guidelines and
strategies to manage sleep and optimize decision-making across various sporting codes.
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Introduction

As the professional and recreational market of sport is under more pressure than ever, the need to enforce
rules and regulation in sporting events has paralleled the lucrative shift in athletic competition (Stewart &
Smith, 2000). Such regulation is heavily controlled by the sports official. The sports official is fundamental to
the regulation of competition in sport, by administering the rules, which influence overall match results based
on their adjudication of play and decision-making. Furthermore, officials carry an ethical responsibility that
preserves the intrinsic value of sport and competition, all under the watchful eye of athletes, coaches, specta-
tors, and the entire audience of a broadcasted competition (Page & Page, 2010; Isidori, Muller, & Kaya, 2012).

Despite the crucial role of sports officials, they have not been extensively considered in research. While ath-
letes often physically benefit from interchanges during competition, audiences seemingly discount the fact
that sports officials are required to complete an entire match, limiting their opportunity to recover between
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bouts of high-intensity activity (Heinemann, 1990; MacMahon et al., 2014; Pina, Passo, & Maynard, 2018).
Sports officials have a range of demands to consider during competition, their role in evaluating technical
code, decision-making, and enduring physical demands are consistently present across sports (MacMahon,
Helsen, Starkes, & Weston, 2007; MacMahon et al., 2014).

Since the adjudication of rules is imperative to the role of sports officials, this review will examine their deci-
sion-making, including the underlying cognitive factors involved. It is important to note, due to the limited
research on this topic, this review will consider key findings reported in athlete populations where relevant.
Furthermore, given the well-established importance of sleep to cognitive performance (Belenky et al., 2003;
Rogers, Dorrian, & Dinges, 2003), particular focus will be given to sleep in this review. Specifically, sleep
restriction in athlete populations and the potential relationship between sleep/wake behaviours and deci-
sion-making in sports officials will be discussed.

This narrative review searched for sleep and decision-making research conducted in both athletes and sports
officials. Although narrative, the source articles were identified using a systematic search strategy. The online
databases Cochrane, MEDLINE (Pubmed), Scopus and Web of Science for scientific papers were searched us-

ing keywords, including “sleep” and “decision” in combination with “athlete”, “sport”, and “sports official”. Rel-
evant references were inspected and limited to peer-reviewed papers published in English from 1981 to 2020.

Decision-making in sports officials

Decision-making in sport requires sports officials to possess a high level of rule knowledge and application
(MacMahon et al., 2007). MacMahon and Plessner (2013) categorized sports officials into three main types;
interactors, reactors, and monitors, based on their interaction with athletes and the number of signals being
monitored. Interactors enforce competition rules, such as soccer officials, reactors play a perceptual role in
monitoring specific competition codes, such as tennis line judges, and monitors observe and assess the quality
of performance, for example, gymnastic judges (MacMahon & Plessner, 2013). Despite these variations in
duty across sports, officials all share a common process - decision-making — defined as the ability to integrate
information to plan, judge, and execute an action (Causer & Ford, 2014; MacMahon & Plessner, 2013).

On occasions, the decision-making requirements of sports officials may be relatively simple. However, it is
common for sports officials to undertake complex decision-making processes, requiring a high level of rule
interpretation. Recent studies have examined the extent of decision-making during competition, with 887
decisions made by officials during an Australian Football League match (Neville, Salmon & Read, 2007), and
approximately 140 observable decisions made by officials during an international soccer match (Helsen &
Bultynck, 2004). In the latter study, Helsen and Bultynck (2004) showed the number of decisions made by
soccer officials was uniformly distributed throughout competition, asserting the need for officials to exercise
complete focus for for an entire match (Helsen & Bultynck, 2004). While this study provides a preliminary
investigation into the decision-making demands of sports officials, it forms a very limited body of research
from which to draw definitive conclusions. These decisions, made under highly stressful and time-sensitive
circumstances, can have a large impact on overall match outcome, athlete safety, spectatorship, and sponsor-
ship (Page & Page, 2010). Recently, the Federation Internationale de Football Association (2019) introduced
the Video Assistant Referee (VAR) to help referees in reviewing decisions made by the head referee. However,
this approach has been met with some controversy. For example, Nevill et al. (2002) found that referees who
viewed videotaped fouls with crowd noise called significantly fewer fouls for the away team than those pre-
sented only with video. It is evident that accurate effectiveness of the VAR is still in its infancy, and further
research is required to examine its efficacy (Carlos et al., 2019). Further research is also needed to understand
the relationship between sleep and decision-making in the VAR context. Regardless, sports officials, whether
video assistants or head officials, are vital members of their sports and are recognized as performers in their
own right (Morris & O'Connor, 2017).

While the demands of the sports official role continue to grow, the pressure of officials to reduce deci-
sion-making errors parallels such growth (Dickson, 2002). Studies have reported soccer officials attain 86%
accuracy in decision-making during competition (Mallo, Frutos, Juarez, & Navarro, 2012), whereas Austra-
lian football umpires reported 84% accuracy when awarding free kicks during competition (Elsworthy, Burke,
Scott, Stevens, & Dascombe, 2014). Regardless of this need for high-quality officiating and decision-making,
recent studies have focused on the physical and cognitive factors underpinning decision-making processes
in athletes across sports (Almonroeder, Tighe, Miller, & Lanning, 2018; Konishi et al., 2017; Scanlan, Hum-
phries, Tucker, & Dalbo, 2014). Because the cognitive skills of athletes and sports officials are specific to their
roles, the prevailing research on athletes should not be considered completely transferable to sports officials
(Williams & Davids, 1995).

Physical, environmental, and psychological demands have been recognized as defining factors for deci-
sion-making performance in sports officials (Larkin, Mesagno, Berry, & Spittle, 2018). To understand of-
ficiating performance, Mascarenhas et al. (2005) developed a model identifying five common themes: (i)
knowledge and application of competition code; (ii) physical fitness; (iii) personality and match management;
(iv) contextual judgement; and (v) psychological characteristics. While these themes provide a framework to
identify factors that contribute to performance and are theoretically relevant to decision-making ability, they
do not describe how such contextual factors might affect the underlying cognitions of decision-making or
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inform and improve the process. Understanding the factors that improve decision-making and the integra-
tion of information to enforce competition rules is vital for providing a high standard of decision-making in
officials (Helsen & Bultynck, 2004; Williams & Davids, 1995).

While some studies have examined the impact of contextual factors such as match-bias or rule changes on
decision-making, cognitive factors that also influence decision-making in officials have been less explored
(Plessner & Haar, 2006). In general adult populations, an increased interest in the role of mood, stress, fatigue,
and sleep on decision-making ability has emerged (Loewenstein & Lerner, 2003). In a review by Loewenstein
and Lerner (2003), cognitive factors significantly impacted decision-making, with incidental and unexpected
emotions and stress affecting decision-making quality. These underlying cognitive factors of decision-making
are recognized as significant indicators of an individual’s ability to respond to a situation, not only because of
the positive effect experienced by the individual, but also their ability to utilize such mechanisms to deal with
and influence decision-making (Loewenstein & Lerner, 2003; Xing & Sun 2013).

With sports officials, early investigations focused on the influence of common sources of stress on physical
and cognitive performance (Taylor, Daniel, Leith & Burke, 1990; Rainey & Hardy, 1999; MacMahon et al.,
2014; Pina, Passo, & Maynard, 2018). Taylor et al. (1990) found that stressors, such as a lack of appreciation
from spectators, athletes, and coaches, contributed to burnout and high turnover rates in soccer officials. Fur-
thermore, younger sports officials reported greater burnout than older sports officials, which was attributed
to older sports officials possessing more effective coping mechanisms. Such findings were later supported by
Rainey and Hardy (1999), who reported stress-reducing strategies, such as relaxation or self-regulation tech-
niques, reduced burnout and minimized the decline of cognitive and physical performance in rugby union
officials. While interpersonal conflicts and the fear of failure are considered the most stressful influences on
sports officials, these factors demonstrated small to moderate relationships with stress and burnout rates
(Rainey & Hardy, 1999; Taylor et al., 1990). In fact, studies indicate sports officials experience changing and
differing amounts of stress, and the effect of stress on officiating performance is speculative using evidence
provided in generic populations (Mascarenhas et al., 2005; Rainey & Winterich, 1995; Stewart & Ellery, 1996).

Suggested cognitive factors that influence decision-making in sports officials include prior decisions, fatigue
due to travel, and athlete attitudes (Mascarenhas et al., 2005). While these external influences provide insight
into broader psychological phenomena, they do not provide direct evidence on whether psychological factors
facilitate decision-making in officials. Research has produced conclusions applicable to general populations
or athletes on this matter (Akerstedt, 2007; Almonroeder et al., 2018; Durmer & Dinges, 2005) however,
future research is required to attribute such conclusions to sports officials. In turn, a cognitive factor that is
routinely demonstrated as having a significant impact on decision-making abilities in the general population
is sleep (Akerstedt, 2007; Almonroeder et al., 2018; Weston et al., 2012).

Sleep and decision-making

Sleep, defined as a homeostatic behavioural state of reduced movement and sensory reaction that repeatedly
reoccurs at 24-hour intervals, is widely regarded as critical to cognitive and physiological function (Gordijn
& Beersma, 2007). The effects of sleep on human cognition and motor functioning are well recognized (Da-
viaux, Mignardot, Cornu, & Deschamps, 2014; Frey, Badia, & Wright Jr, 2004; Rogers et al., 2003). Sleep has
many psychological and physiological functions, with a recommended duration of seven to nine hours per
day in adults (Hirshkowitz et al., 2015; Watson et al., 2015). Studies have shown mood, fatigue, and cognitive
function are routinely impaired by sleep quality, partial sleep restriction, or total sleep deprivation in general
populations (Akerstedt, 2007; Frey et al., 2004; Rogers et al., 2003).

Sleep quality, a subjective rating of the efficiency and maintenance of sleep, has been shown to influence
physical and cognitive function in general populations (Nebes, Buysse, Halligan, Houck, & Monk, 2009) and
athlete populations (Brandt, Bevilacqua, & Andrande, 2017; Peppard, Barnet, Rasmuson, Bliwise, & Hagen,
2017). For instance, Peppard et al. (2017) reported significant positive correlations between sleep quality and
cognition, specifically memory, executive function, and attention in the general population. However, this
study did not account for common conditions that impair sleep and cognition, such as illness, medication,
or psychological disorders (Nebes et al., 2009). In this regard, Nebes et al. (2009) analysed the relationship
between cognitive performance and the duration of sleep in older adults from the general population while
controlling for confounding conditions. Significant positive correlations were reported between sleep quality
and cognitive performance, with no significant relationship observed between sleep duration and cognitive
performance (Nebes et al., 2009). Consequently, the results of this study highlight the specific need for future
investigations to consider the impact of sleep quality on cognitive function.

Reduced sleep duration impacts specific domains of cognitive performance, including increased memory
lapses, cognitive slowing, memory impairment, and decreased vigilance, attention, response time, and ca-
pability (Chua et al., 2014). Scott, McNaughton, and Polman (2006) examined the effect of 30-hour sleep
deprivation on cognitive and psychomotor function compared to normal sleep in a general adult population.
Significant disturbances in mood, reaction time, vigour, and mental fatigue were apparent following sleep
deprivation. Although studies tend to focus on the effects of sleep deprivation on cognitive performance,
sleep restriction is a more common experience in general adult populations (Demos et al., 2016). Indeed,
Demos et al. (2016) showed that following restricted sleep, decision-making remained unaffected, yet partici-
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pants were 30% more likely to make errors in cognitive ability tasks. Consequently, sleep restriction, like sleep
deprivation, impaired reaction time and impulsive actions. This collective evidence suggests that reductions
in sleep diminish reaction time, alertness, and cognitive performance (Demos et al., 2016; Scott et al., 2006).

Given that sleep restriction is common in athlete populations, examining the implications of this pattern
on cognitive performance is paramount (Blumert et al., 2007; Jarraya et al., 2013; Skein et al., 2013). Re-
strictions to sleep can negatively impact cognitive performance, reaction time, and decision-making - all
of which are essential to the role of athletes (Hirshkowitz et al., 2015; Jarraya et al., 2013; Reilly & Edwards,
2007; Scott, McNaughton, & Polman, 2006). Blumert et al. (2007) investigated the effect of 24 hours of sleep
deprivation on physical performance and mood in national college weightlifters. Sleep deprivation had no
significant influence on physical performance but substantially affected mood state. Similarly, Skein et al.
(2013) showed 24 hours of sleep deprivation significantly deteriorated reaction time and accuracy during a
word colour recognition test due to reduced alertness and attention in rugby league athletes following com-
petition. While these studies show the impact of sleep deprivation on cognitive performance, the simulated
overnight sleep deprivation adopted within the respective methodologies limit the representation of common
sleep disruptions encountered by athletes (Blumert et al., 2007; Skein et al., 2013). In this regard, Jarraya et
al. (2013) examined the effect of sleep restriction on cognitive performance in handball goalkeepers. Athletes
were monitored morning and night following regular sleep and restricted sleep, after which they completed
three cognitive tasks. Sleep restriction resulted in significantly poorer reaction time, selective attention, and
constant attention, with greater changes observed at night compared to morning demonstrating an additive
effect of timing on performance.

Given the majority of research investigating the impact of sleep on cognitive performance has utilized sim-
ulated laboratory environments, it is necessary to examine sleep and cognition in a real-world competitive
context (Blumert et al., 2007; Jarraya et al., 2013). In doing so, findings on sleep and cognitive performance
will carry stronger ecological validity. Further studies should consider utilizing cognitive measures that con-
sider sporting environments to closely parallel the context of competition to establish more definitive con-
clusions.

Sleep restriction in sport

In sport, sleep restriction provides realistic insights into the experiences of athletes and sports officials. Sleep
restriction can negatively impact physical strength and performance, mood, motivation, reaction time, and
decision-making in athletes (Lastella, Lovell, & Sargent, 2014; Martin, 1981; Samuels, 2012; Thun, Bjorvatn,
Flo, Harris, & Pallesen, 2015; Reilly & Edwards, 2007). These findings are highly relevant to sporting perfor-
mance as factors such as stress, travel for matches, nervousness prior to competition, and sleeping in unfamil-
iar environments can significantly curb sleep duration and quality (Pallesen et al., 2017). A crucial element
of training and recovery in athletes is sleep management, as disturbances to sleep potentially compromise
athletic performance, cognitive function, mood, and injury risk (Durmer & Dinges, 2005; Erlacher, Ehrlen-
spiel, Adegbesan, & El-Din, 2011).

Unavoidable circumstances can disturb sleep in athletes. Eagles et al. (2016) explored the effect of competition
on the duration and efficiency of sleep in professional rugby union athletes. Significant reductions in sleep du-
ration on nights following competition were observed, particularly when matches were played in the evening
(Eagles et al., 2016). While sleep was negatively impacted following competition, findings were limited by the
lack of definition for “non-game nights” (i.e., nights before a competition or nights before no competition).
Furthermore, home matches were exclusively examined, and since it is common for competitions to be held
at away venues, representation of a competitive season was somewhat limited (Eagles et al., 2016).

Similarly, Juliff et al. (2015) reported a significant reduction in sleep duration on nights before a competition
in athletes from individual and team sports, with thoughts about competition and nervousness identified as
the main mechanisms interfering with sleep. The investigated athletes also reported being unaware of strat-
egies to overcome poor sleep, possibly highlighting the need for further monitoring and education of sleep
in athlete populations (Juliff et al., 2015). While these studies collectively demonstrate that sleep in sporting
environments is dependent on the time of competition (day versus night), and sampled night (habitual versus
before competition versus after competition), there is yet to be a broad analysis of how all these factors inter-
act and impact sleep in athletes and sports officials (Eagles et al., 2016; Juliff et al., 2015). A comprehensive
investigation into the impact of time of competition on sleep outcomes in sports officials should be consid-
ered in future studies.

The need to examine sleep and decision-making in sports officials

Data examining decision-making in sports officials have attributed performance to contextual factors such as
time of competition, regulations, and athlete attitudes (Helsen & Bultynck, 2004; Larkin et al., 2018). Sports
officials need to have exceptional cognitive skills to make correct decisions; thus, inquiry to identify factors
that influence decision-making, such as sleep, is necessary and long overdue in this population. Future inves-
tigation of sleep restriction on cognitive performance in sports officials will not only extend knowledge but
allow for improved strategies to enhance decision-making ability and overall sport competition (Williams &
Davids, 1995).
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Cognitive distress, anxiety, and common mental health conditions in athlete populations have gained in-
creased attention in research (Gouttebarge, Backx, Aoki, & Kerkhoffs, 2015; Junge & Feddermann-Demont,
2016), while empirical evidence about the psychology of sports officials remains limited (Gouttebarge, John-
son, Rochcongar, Rosier, & Kerkhoffs, 2017). The lack of research on officials is surprising, considering they
perform in difficult psychosocial environments involving stressors such as physical energy, social pressure,
and spectator scrutiny. It is common for sports officials across all playing levels to hold dual occupations, thus
exacerbating pressures beyond the context of competition. In a study comparing common mental health con-
cerns of athletes and sports officials, officials were found to have a high risk of mental health concerns similar
to athletes (Gouttebarge et al., 2017). While this study was specific to soccer officials and therefore may not
be generalizable to other sports, the results suggested specific training and support measures for sports offi-
cials should be introduced. Consequently, the authors concluded that role-specific management and training
protocols were necessary to improve the psychological performance and well-being within and beyond the
context of competition in sports officials (Gouttebarge et al., 2017).

Sleep has been consistently recognized to influence decision-making (Demos et al., 2016; Nebes et al., 2009;
Scott et al., 2006), and while athlete populations have been identified as experiencing poor sleep duration and
quality compared to general populations (Blumert et al., 2007; Jarraya et al., 2013; Skein et al., 2013), the un-
derlying relationship between sleep and decision-making in sports officials has yet to be examined. Not only
is such future research important to maintain the integrity of sport performance, but it may provide an op-
portunity to improve the standard of officiating in sport (Hancock, Rix-Lievre, & Cote, 2015; Catteuw, Helsen,
Gilis, & Wagemans, 2009). This knowledge will also allow for the development of guidelines and strategies to
help manage sleep and optimize decision-making in officials across various sporting codes.
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