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1.0 Introduction

Researchers have investigated how cognitive skills such as visual search (Loffing et al.,
2015; McGuckian et al., 2020; Sors et al., 2017) or anticipation (Smeeton & Huys, 2011)
contribute to sporting performance. While isolating and assessing cognitive skills is important
in sports research, it is also necessary to explore how cognitive skills are combined to influence
overall awareness of the sporting environment; awareness that may aid in sporting
performance. Situation Awareness (SA) is a popular construct that arguably captures these
elements holistically during complex dynamic tasks (Hulme et al., 2019). Endsley (1995b)
describes SA as “the perception of the elements in the environment [...], the comprehension of
their meaning, and the projection of their status in the near future” (Endsley, 1995b, pp. 36).
SA has been studied in a variety of highly dynamic environments including aviation
(Muehlethaler & Knecht, 2016), transportation (Jackson et al., 2009; Schomig & Metz, 2013;
Underwood et al., 2011), and medicine (Chapman et al., 2020; Dishman et al., 2020; Hunter et
al., 2020). Within a sports setting, some researchers have argued that SA is necessary for an
athlete to achieve high-level performance (Hadlow et al., 2018), yet few studies have examined
the role of SA in sports (Ng et al., 2013). This is interesting considering the cognitive skills
associated with SA are widely studied in sports (Hadlow et al., 2018). This paper aimed to
therefore provide a reconnaissance of information related to SA in sport and focused on
identifying the frameworks labelled as SA in a sporting context, the methods used to assess SA

in sports and the cognitive skills directly associated with SA in sports.

While many researchers agree that SA is important for safety and performance in dynamic
environments (Salmon & Stanton, 2013), there is no universally accepted framework (Salmon
et al., 2009). However, Endsley's (1995) three-level framework is arguably the most cited and

validated definition of SA (Salmon et al., 2009). In this framework, perception (Level | SA) is
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the detection of surrounding elements and provides the base for an individual’s overall SA.
Comprehension (Level Il SA) is identifying the importance and understanding the meaning of
the perceived elements, and projection (Level I11) SA involves predicting what may happen in
the near future (Jackson et al., 2009). It is important to recognize that SA is not decision making
nor is decision making encompassed within the three-level framework. But arguably SA will
influence, in part, decision making where good SA can subsequently contribute to better
decision making. SA does not always guarantee good performance as there are many factors
which influence performance, and SA is just one of those factors (Endsley, 1995b). As an
example of this three-level framework in a sporting context, a soccer player may perceive
another player running with the ball (Level I SA). The soccer player must now comprehend
(Level Il SA) if the player is a teammate or opponent and understand what their role is (e.g.,
that they are an opponent attacking with the ball). The soccer player combines their perception
of the elements (a player running with the ball) with the comprehension of the elements (the
player is an opponent attacking with the ball) and now may make a prediction (Level 111 SA)
on what the perceived player intends to do; will the opposing player take on the defence, or do

they pass, and if so, to whom?

1.1 Research Questions and Rationale

There are few studies that specifically and directly investigate SA in sports, particularly
when compared to the volume of SA studies in other domains, such as driving and aviation.
This scoping review aims to provide a summary of the research related to three specific

research questions:

1) What are the different types of frameworks labelled as situation awareness in sports?

2) What methods are used to directly assess situation awareness in sports?
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3) What are the cognitive skills that have been explicitly linked to a situation awareness

framework in sports?

Scoping reviews are relatively new research tools but are useful for determining the
capacity of literature and its overall scope in the domain (Munn et al., 2018). We believe the
exploratory nature of the scoping review to be initially more important than a systematic review
in a less established area of research. A systematic review would be required to answer a more
specific or set of specific research questions in a more established research area using literature
as the data (i.e., “a review on the effect of x on y”). With this review, we hope to provide a
reconnaissance of the theoretical underpinnings, methodological issues, and potential future

directions of SA in sports.

In our first research question, we asked: what are the different types of frameworks
labelled as SA used in sporting contexts? The three-level SA framework (Endsley, 1995b) is
typically applied at an individual level within other domains and is likely also relevant within
a sporting context, but many sports are team-orientated and there may be benefits to having a
framework that captures team-wide awareness. In addition, one could argue that the advent of
sophisticated technology in sports might also aid in developing SA. For example, side-line
video playback reviews have been widely integrated in a variety of sports (Can et al., 2011;
Neptune et al., 2009) and can provide players and coaches (and officials) with alternative points
of perspective or in-game opportunities to study the players to aid prediction and subsequent
decision making. Because SA is not universally defined (Salmon et al., 2009), researchers have
posited different types of frameworks that measure different components. Therefore, we aim
to identify which SA frameworks are used in sporting contexts and how these frameworks

attempt to capture the varied elements across sports (e.g., individual vs team).
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In our second research question, we asked: what are the methods to directly assess SA in
sporting contexts? There have been several methods employed by other domains which assess
an individual’s SA. For instance, offline freeze-probes such as the Situation Awareness Global
Assessment Technique (SAGAT; Endsley, 1995a) and What Happens Next (WHN; Jackson et
al., 2009) involve simulations or freeze-frame video techniques, and participants must answer
queries that target their SA (Endsley, 1995a). These techniques have been used in aviation
(Endsley, 1995a, 2000a), air traffic control (Endsley, 2000b), driving (Jackson et al., 2009),
and medical studies (Wright et al., 2004). Real-time online probes such as the Situation Present
Assessment Method (SPAM; Durso & Gronlund, 1999) presents queries during a simulation,
and participants may choose when to answer the queries based on their workload (Salmon et
al., 2009). This has been used in air traffic control (Bacon & Strybel, 2013) and submarine
track management (Loft et al., 2013). For a recent review that compares the SAGAT and SPAM
methods see Endsley (2021). Lastly, subjective rating tools such as Situation Awareness Rating
Technique (SART; Taylor, 1990) measure an individual’s perceived SA through a series of
post-simulation questionnaires (Salmon et al., 2009), and has been used in aviation (Endsley,
1988), air traffic control (Durso et al., 1999), and military planning (Salmon et al., 2009).
Because there are a variety of methods that directly assess SA in other domains, we aim to

identify which SA methods are used in a sporting context.

In our third research question, we asked: what are the cognitive skills linked to a SA
framework in a sporting context? Endsley's (1995b) three-level hierarchal framework, for
example, necessitates certain cognitive skills such as visual search skills (i.e., for Level | SA)
and anticipation (i.e., for Level Il SA; de Winter et al., 2019; Endsley, 1995b; Salmon et al.,
2009). We aim to identify which cognitive skills have been directly associated with SA or
mentioned in relation to SA within a sports context. Although note, reviewing more generally

the literature of cognitive skills (e.g., visual search) that could simply be implied to relate to
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SA or an element of SA exceeds the aim of this scoping review. Our focus is on those pieces
of research that directly make mention to SA. For examples of reviews targeting certain
cognitive skills in sport more generally, see McGuckian et al. (2018) for visual search and

Loffing & Cafial-Bruland (2017) for anticipation.
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2.0 Approach

2.1 Sources of Information

The literature search was carried out using seven internet-based databases:
ScienceDirect, Google Scholar, Nottingham Trent University Library OneSearch Pro, Web of
Science, Psycinfo, PubMed, and SCOPUS. These databases are available to the authors
through institution subscriptions or are freely available search engines. Table 1 shows the

databases used, how to access them, and their accessibility.

2.2 Search Terms & Delimiting

The following parameters were used to search the databases for relevant literature.
Search keywords included “situation(al) awareness”, AND “sport(s)”, OR “athlete(s)”, OR
“player(s)”, OR “coach(es)”, OR *“trainer(s)”, OR “referee(s)”, OR *“official(s)”, OR

“umpire(s)”.

2.3 Selection Criteria Employed

To narrow down the number of papers included for this review, certain selection criteria
were employed to ensure the papers were relevant. Figure 1 shows the PRISMA flow diagram
for the screening and selection process. To be included in the review, papers were required to
be peer-reviewed articles, sports and situation awareness-related, and written between the years
2000 — 2020. The searches were up to date as of December 2020. Initial searches of “situation
awareness” AND “sports” revealed no articles pre-2000. Papers were excluded if they did not
contain the phrase “situation awareness” in either the title, abstract, or the listed keywords, if

they did not pertain to a sporting context, or were not written in English. From our initial search,
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it was found that there were many duplicates of papers as well as irrelevant articles (i.e., papers

on the topic of SA but not pertaining to sports).

The selection criteria for this review made it necessary for papers to explicitly describe
situation awareness in sports contexts. While many sports papers investigate cognitive skills,
such as visual search behaviours or anticipation, only papers that mentioned or directly linked
those cognitive skills to situation awareness were included. More than preserving focus, this
criteria also removes our own author subjectivity in categorizing whether a cognitive skill could

be related to SA.
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3.0 Findings & Discussion

3.1 Situation Awareness frameworks in sports

The findings of our literature search revealed that Distributed Situation Awareness (DSA)
and Endsley's (1995b) three-level frameworks were the overwhelming SA frameworks
discussed in a sporting context. Four articles described Endsley's (1995b) three-level
framework (Caserta & Singer, 2007; Knez & Ham, 2006; Murray, 2018; Ng et al., 2013). Four
articles employed the framework of DSA to a variety of sports which included research on
athletes, coaches, and officials (Macquet & Stanton, 2014; Neville et al., 2016; Neville &
Salmon, 2016; Salmon et al., 2017). However, Neville & Salmon (2016) was a review article
on SA in officials and will not be discussed explicitly in this paper. One article employed a
Shared Situation Awareness (SSA) framework to athletes and their coaches (Schei & Giske,
2020). One article (McGuckian et al., 2020) did not describe a specific framework, but

mentioned SA.

3.1.1 Three-level framework.

Endsley's (1995b) three-level framework was described in four papers investigating SA
in cyclists (Knez & Ham, 2006), tennis players (Caserta & Singer, 2007), basketball players
(Ng et al., 2013), and squash players (Murray, 2018). As mentioned previously, Endsley's
(1995b) three-level framework contains hierarchal levels of perception, comprehension, and
projection. The first level is the ability of an individual to perceive the elements in the
environment. The second level, comprehension, is when that individual identifies the
importance and understands the meaning of the elements in the environment. The third level,

projection, is when the individual makes a prediction about what may happen in the near future
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(Endsley, 1995b). The three-level framework describes how individuals use mental models
established through experience and training to effectively perceive their environment and
predict the future state of the environment (Endsley, 1995b; Salmon et al., 2009). While the
four papers above mentioned the three-level framework of SA, their main objective related to
our other research questions more closely and, as such, will all be discussed individually in

subsequent sections.

3.1.2 Distributed Situation Awareness.

Distributed Situation Awareness (DSA,; Stanton, 2016; Stanton et al., 2006) suggests
SA is applied across systems or environments and describes how SA is obtained via the
interaction between human and non-human agents. It argues that SA is within both the
individual and the context of the environment (Macquet & Stanton, 2014). With DSA,
researchers and practitioners may describe how interactions within a system determine the
overall performance (Neville & Salmon, 2016). DSA therefore describes what unique SA
information is necessary for each individual agent within a system. Once the unique SA
information is identified, agents can exchange that information when and where it is required.
Within DSA, SA is a combination of the individuals’ and technical agents’ SA models.
However, the actions of each individual are still based on their own understanding of their SA.
DSA has been suggested to be a more accurate representation of a team’s SA (Stanton, 2016),
and has been described in many environments such as military control, healthcare,
transportation, and sports (Neville & Salmon, 2016). DSA has been argued as an appropriate
method for describing SA within sports because of the cooperative nature of sports with
multiple individuals each with different relationships and tasks (Macquet & Stanton, 2014;
Neville et al., 2016). Many sports create an environment in which individuals and teams of

people compete for the same goal, so while a sport may be labelled as “individual”, there is
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still a team of coaches, trainers, and other athletes that influence training, competition, and

ultimately SA.

Salmon et al. (2017) used a DSA approach to examine the SA networks in elite
women’s cycling. In elite cycling, athletes form a “peloton” or pack of cyclists. In these
pelotons, athletes must remain aware of their teammates’ and opponents’ movements in order
to successfully strategize how to win as well as to avoid collisions. There is also substantial
communication during a race between teammates and coaches. In their research, Salmon et al.
(2017) video-recorded a cycling race, recorded the verbal communications during team race
planning meetings, conducted post-race Critical Decision Method (CDM) interviews, and
audio recorded post-race team debriefs. Following the interviews, each participant completed
a social network analysis diagram to show who and what they interacted with during the race.
The interviews were transcribed verbatim and categorized into three networks based on the
Event Analysis of Systematic Teamwork (EAST). This is a framework designed for analysing
behaviour of sociotechnical systems (a system with both human and digital agents). The three
thematically identified networks were the: 1) Task, 2) Social, and 3) SA networks. The Task
Network revealed there was a range of subtasks involved - both at an individual and team-level.
The relationship between each subtask can be used to identify which are important to team
success. The Social Network showed that the “protected rider” (the leader of the peloton) and
“domestique rider 2” (support rider in the peloton) were the most connected with
incoming/outgoing communications. These two riders also had more frequent communications
with other agents. Importantly for this research, the network analysis revealed, with the SA
Network, that SA was distributed across the team, peloton system, and between human and
non-human agents. As an example, information presented on the bike-mounted computer and
handlebar screen was used in conjunction with verbal transactions within the peloton and was

important to inform decisions; for example, when to attack. This research was exploratory in
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nature and, like much of the DSA research, simply offered a description of the elements that

may be related to situation awareness or performance.

The athlete is not the only performer in a sports context. The coach is also an important
member of the team in many ways. The coaching process is composed of training, competition,
and organization, which is highly cognitive in nature (Debanne & Chauvin, 2014). They must
have an awareness of how their team and the opposition are performing to make quick
decisions. Coaches often have different vantage points of the situation in comparison to the
athlete, therefore they may interpret the situation differently (Macquet & Stanton, 2014).
Macquet & Stanton (2014) used a DSA approach to determine if the athletes’ and coaches’ SA
matched each other. Six elite athletes (two male and two female hammer throwers, and one
male and one female rower) and three coaches (one hammer throwing and two rowing) were
observed and recorded during training sessions. Video recordings of the athletes’ behaviour,
athletes’ and coaches’ communication, and verbalizations from post-training interviews were
analysed for behavioural and contextual data. Participants watched their videos during
interviews with the researchers and described their activity and thoughts during a course of
action. The data identified what the authors called “meaningful units”, which were
verbalizations relating to or that described the athlete’s behaviour, focus, feelings, and the
situation (Macquet & Stanton, 2014). It was suggested that if the content of the units described
by the player and coach matched or were “compatible”, then this would aid performance. The
authors then thematically organized the content of the meaningful units into broader categories.
They identified that the content of the meaningful units could be themed as relating to
“Technical Elements”, “Athlete’s Psychological States”, “Organization and Safety”,
“Performance”, and “Athlete’s Experience”. They report that the meaningful units themed
within Technical Elements were reported to have the highest number of compatible matches.

Meaningful units themed within the Athlete’s Experience were reported to having the least
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number of compatible matches. What we can take from this research, and what the authors
suggest then, is that coaches and athletes often have compatible SA about certain performance
elements but can differ in their overall perspective. How this relates to performance, however,

is unclear.

Officials are a vital part of all sports and can be classified as interactors (e.g., basketball
referees), reactors (e.g., line judges), or monitors (e.g., gymnastics judges; Neville & Salmon,
2016). Officials are required to have significant awareness of the unfolding play and make
rapid decisions that may be influenced by a variety of factors (Burnett et al., 2017). Therefore,
it can be argued that officials must have SA during competitions to ensure correct and fair calls
or judging. Neville et al. (2016) applied a DSA framework to officials in sport (OiS). Game
video recordings and audio commentaries between referees were provided by the Australian
Football League (AFL). Each game was transcribed and coded for DSA using the EAST
method. The authors described how SA is distributed within an OiS sociotechnical system with
six tenets (Neville et al., 2016), where the OIS sociotechnical system is defined by the network
of both human referees and non-human technical agents (e.g., video review and goal-line
technology). Tenet 1 described that the OiS SA is held by both human and non-human agents.
Video review systems and goal-line technologies facilitated the SA held by officials. Tenet 2
stated that the agents have different perspectives on the game due to positions and roles, and
these different views are combined to make an appropriate decision. The authors report that
the system could not function if the officials’ SA are not compatible with each other, or in other
words do not align towards a similar goal or decision. Tenet 3 described the overlapping of SA
between agents and suggests that overlapping of SA occurs and is only important when the
goals of the agents are similar or the same. Tenet 4 stated communication between agents could
be verbal and non-verbal. The use of hand signals and flags were used by officials as non-

verbal SA transactions in the OiS system. Tenet 5 described how SA holds loosely coupled
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systems together, but also that coupling can shift dynamically throughout the duration of a
game. The officials interacted with the game differently depending on play situation. Officials
were more loosely coupled during general play, and field umpires did not interact as much with
boundary and goal umpires. However, during set shot for goal and out of bounds situations, the
umpires interacted much more with each other. Lastly, Tenet 6 described that one agent may
compensate for the degradation of SA in another. For example, video review for uncertain plays
and goals compensates for an on-field official’s initial ruling. Overall, Neville et al. (2016)
suggested that SA in officials is activated and updated through transactions in the system either
through verbal or non-verbal communication. They also argued that DSA can contribute to the

understanding and enhancement of complex sociotechnical systems performance.

While DSA has been described as appropriate for assessing SA in sports (Macquet &
Stanton, 2014; Neville et al., 2016; Neville & Salmon, 2016; Salmon et al., 2017), we propose
that this method merely describes the thoughts and actions of the performers and identifies
relevant knowledge that other actors have. Ultimately, DSA appears vague and unquantifiable.
It offers no obvious way of creating a standardized test that can be compared across studies,
trials, and sports. There is also no discernible in-depth measurement of performance with DSA
that states whether or not a performer has good or adequate SA required for their tasks, nor
does DSA allow one to identify where mistakes were made during a performance or how to
correct those mistakes. One could propose that DSA is simply a way to describe that the overall
SA model is an outcome of the combination of all others® SA models. Related, but perhaps not
a limitation given the nature of DSA, DSA does not provide insight into the importance of an
individual’s SA - particularly in sports where communication between coaches during
gameplay is minimal (e.g., racquet sports). Even in team sports, one still operates at an
individual level, and as such it would be still be useful to explore individual SA in team sports.

We discuss a potential measurable method to accomplish this in the General Discussion. It
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should be noted, however, that DSA is still in its infancy and has not been extensively studied

and applied as other measures of SA (Stanton, 2016).

3.1.3 Shared Situation Awareness.

Shared Situation Awareness (SSA) promotes the idea that team performance will be
optimal if players on the same team have a shared understanding of the environment, the agents
within the environment, and how to execute the current task (Jonker et al., 2010; Salas et al.,
1994). SSA appears to be very similar in nature to DSA (both in terms of construct and
measures of) and has been defined as a shared understanding of a situation (Kurapati et al.,
2012). Itis argued that each team member has their own pre-existing knowledge and experience
that differs from the other members. However, the members often must have good SA of their
specific components as well as those shared by the team (Gillespie et al., 2013). Success of a
task depends on the members’ shared strategic knowledge and mental models which allows the
team to have common definitions of tasks, assessments of the situation, and expectations of the
task requirements (Salas et al., 1994). Communication amongst team members is argued to be
the most important aspect of SSA as it affects the flow of information and ultimately the
decision making of the team (Seppénen et al., 2013). Researchers believe that through SSA,
teams become coordinated, and members are able to anticipate the actions of the other members

(Salas et al., 1994), which is important for sports teams (Loffing & Cafial-Bruland, 2017).

Schei & Giske (2020) examined the SSA between soccer players and their coaches to
determine if athletes and coaches are coordinated in their views of the game. Ten elite soccer
players and their coach watched 12 videos of a soccer match in which the players participated,
and they were interviewed following each video. Participants were asked to “describe what you

perceive in this video” along with follow-up questions. Each interview was transcribed and
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analysed to determine similarities and differences amongst the players and coach. Situational
descriptions, such as the theme, terminology, positions, and pitch area, as well as the situational
solutions were used to evaluate the similarities and differences in statements. The authors
revealed that in seven of the game situations, the players and coach shared coordinated views,
but in five of the situations, they had contradictory views. The contradictory views would
arguably have a negative effect on SSA, and therefore team coordination (Schei & Giske,
2020). The authors suggested that SSA requires players (and coaches) to continuously update
their views of the situation for the team to be cohesive. They also argued that SSA in a team is
a collective endeavour, and that teams should watch game footage to express their opinions to

improve their shared knowledge skills, and thus SSA (Schei & Giske, 2020).

While SSA does address the communication and coordinated information required for
successful teams, it arguably fails to explain how the individuals obtained their information,
whether that information gave them “good” or “bad” SA, or how to improve their overall SA,
which is often the goal of researchers (Patrick & Morgan, 2010). Therefore, it appears the major
shortcomings of SSA and DSA are that these frameworks are only descriptive in nature, do not
provide an in-depth measurement of SA, and lack the ability to be empirically tested and trained

over different trials with different participants.

3.2 Direct methods of assessing Situation Awareness in sports

The results of our literature search revealed only two papers where the authors used
direct methods to assess SA in athletes. Ng et al. (2013) used the Situation Awareness Global
Assessment Technique (SAGAT) alongside several other general cognitive tests in basketball

players, while Knez & Ham (2006) used a subjective Cognition Self-Assessment Tool (CSAT)
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and objective Random Number Cognition Test (RANCT) to measure SA in cyclists. The other

studies reviewed did not use a direct measurement of SA.

3.2.1 Situation Awareness Global Assessment Technique (SAGAT).

Arguably the most popular and validated objective method is the Situation Awareness
Global Assessment Technique (SAGAT; (de Winter et al., 2019; Endsley, 1995a, 2021). It has
been reported that SAGAT scores are indicative of performance in a simulation, which
validates the measurement of SA (Endsley, 2000a). The SAGAT test was designed alongside
the three-level framework of SA proposed by Endsley (1995b). It is an offline, freeze-probe
objective measurement taken during a task that queries participants’ knowledge of task-specific
elements and how they are likely to act in the future (Orique & Despins, 2018). The questions
then target a participant’s SA through their perception, comprehension, and projection
(Dishman et al., 2020). Once the participant answers the questions, the simulation or video
resumes. The questions may be scored binarily as “correct” or “incorrect” (Endsley, 1995a) or
the response time may be used to assess SA (Bacon & Strybel, 2013). Upon the completion of
the simulation or video, the points are summed to give an SA score (Endsley, 1995a). The
higher the score or lower the response time, the better the participant’s SA. The SAGAT test
has been shown to be a reliable method for measuring an individual’s SA in a variety of
environments (Crozier et al., 2015; Dishman et al., 2020; Endsley, 2000a; Ikuma et al., 2014;

Jannat et al., 2018; Joffe & Wiggins, 2020; Kaber et al., 2016; Lavoie et al., 2016).

To assess how cognitive skills and SA influence basketball performance, Ng et al.
(2013) tested teenage (14 — 16 years) basketball player’s level of anxiety, short-term memory,
and SA. They also tested the players’ knowledge of basketball rules and concepts, their ability

to learn and set plays, and their physical fitness level. Twenty-five basketball players completed
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a SAGAT test and several other cognitive tests in conjunction. The SAGAT and cognitive tests
were taken twice during the study—once at the beginning of the season before the first game
and once at the end of the season following the last game. In the SAGAT test, players were
shown a 5 — 7-minute professional basketball video that was paused three times. At each pause,
the players answered 4 — 5 multiple choice questions that targeted their perception,
comprehension, and anticipation abilities. Alongside the SAGAT test, the basketball players
completed a Competitive State Anxiety Inventory-2 (CSAI-2) test to measure cognitive and
somatic anxiety plus self-confidence. They completed a Corsi block-tapping task to measure
short-term spatial memory, in which participants were shown a pattern of randomized block
taps and were required to replicate the pattern, with the patterns increasing in length for each
trial. Participants also completed a multiple-choice basketball knowledge test, a basketball
recall-and-recognize learning video task, and a standardized physical fitness test. The authors
compared scores of the SAGAT, cognitive tests, and fitness test with the players’ performance
results in the basketball games. Ng et al. (2013) reported that the fitness test score can best
explain the variance in basketball performance, followed by basketball learning ability,
basketball knowledge, short-term spatial memory, competitive anxiety, and lastly SA, which
was not a significant predictor. Within the cognitive skills tests (Corsi block-tapping and CSAI-
2), the short-term spatial memory (Corsi block-tapping test) had the largest coefficient for
predicting basketball performance, which the authors suggested was indicative of players’

abilities to find open spaces on the basketball court to score points.

SA, measured through the SAGAT test, was not a significant predictor of the variance
in performance scores across the players (Ng et al., 2013). Players averaged 54.2% on the
perception questions, 33.3% on the comprehension questions, and 46.9% on the anticipation
questions. However, the players were least consistent when responding to the anticipation

questions, with scores ranging from 0 — 100%. The authors argued SA may not explain
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basketball performance as well as the other skills because basketball performance is often
influenced by other players. They reasoned that a player may have good SA and pass the ball
to a teammate, but if that teammate does not have the same SA and catch the ball, the
performance is ultimately affected. Ng et al. (2013) explained that performance statistics are
also often dependent on the opposing team. One of the important takeaways from this piece of
research therefore is that SA may not relate to performance directly. SA is not performance
itself. It is a mental awareness that may aid in performance, but good SA cannot guarantee
good performance. Where this distinction is likely to be most salient is in the execution of
technical motor skills. Whilst an individual may have a good level of SA, and then subsequently

make the correct decision, they may, for example, be inaccurate in their pass.

However, some limitations remain in the Ng et al. (2013) study, particularly with
regards to the attempt to relate SA and performance. This research did not take into account
the importance of measuring different experience levels of players. The players sampled in the
study were all of similar ages (14 — 16 years) and played on the same team, so it is possible the
variability of SAGAT scores and basketball performance was small due to the similarities of
the players. It would be beneficial to sample players of differing experience (i.e., experts and
novices) to provide a greater variability in SA performance measures. This is often seen in
driving SA studies where experts and novices are compared (Kroll et al., 2020). It is also worth
noting that the low SAGAT scores in all three levels suggest that the questions were perhaps
too difficult for the level of the players, or that the questions focused on elements that the
players did not consider relevant to their next move. It should also be noted that Ng et al. (2013)
only averaged the SAGAT scores of the players and did not look at the individual scores
themselves. It would be beneficial to see if individuals with higher SAGAT scores had better
basketball performance scores. This would potentially show a link between better SA and better

performance, often seen in other domains such as driving (Crundall, 2016; Kroll et al., 2020).
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Ultimately, we argue that whilst SA may not explain all the variance in performance, we
suggest that further studies better targeting this relationship using the SAGAT method is

warranted.

3.2.2 Cognition Self-Assessment Tool (CSAT) and Random Number Cognition
Test (RANCT).

Knez & Ham (2006) examined the effects of fatigue on elite cyclists’ subjective and
objective SA during a Time Trial 30km (TTs0) cycling race. Physical factors such as fatigue
and psychological factors such as boredom, anxiety, and pressure have been known to affect
SA in individuals (Endsley, 1995b; Sneddon et al., 2013). The measures identified to assess
SA were 1) the Cognition Self-Assessment Tool (CSAT) and 2) the Random Number
Cognition Test (RANCT). The CSAT is a subjective self-report measure that asks questions
related to the degree to which participants would be able to carry out specific cognitive tasks.
Tasks such as the ability to plan race lines, develop race strategy, judge distance, etc. The
RANCT is a common measure for visual search and detection performance. In this study
participants were presented with a 6 x 6 grid containing numbers 1 — 36 and were asked to
sequentially score out the numbers. Whilst the CSAT may seem somewhat related to assessing
SA, itis more difficult to connect performance in the RANCT with overall SA. At best, perhaps
it might relate to Level I of the three-level framework (Perception), but it is unclear how it
might relate to a general awareness where one is able to make predictions or make decisions.
The authors reported that the maximal physical effort during a TTasorace resulted in a significant
increase in performance in the RANCT, suggesting that high-exertion exercise benefits visual

search/detection. In contrast, it was reported that high exertion also resulted in greater



443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464
465

21

perceived difficulty to maintain SA during the race, which were reflected in the scores of the

CSAT.

Knez & Ham (2006) suggested that CSAT and RANCT have a high reliability to give
consistent measures of visual perception and detection skills, as well as measures of cognitive
function. The authors also suggested these tools may be used to help manage an athlete’s
perception of fatigue and arousal levels, the contributing factors to fatigue and arousal, and
their own SA abilities (i.e., recognizing key elements and making correct and timely decisions).
While Knez & Ham (2006) argued that the CSAT and RANCT are reliable measures of SA, it
should be addressed that crossing out sequential numbers through the RANCT makes no
connection to the athlete’s awareness of their surrounding sporting environment. While the
RANCT is useful in assessing general cognitive functions and visual search tasks (Knez &
Ham, 2006), this is not necessarily the same as SA. One could make the argument that RANCT
is not a valid measurement of SA but only an arbitrary method to examine visual scanning and
cognitive function. Knez & Ham (2006) noted the increase in perception of difficulty through
the CSAT was inconsistent with the “objective’ measurement of SA through the RANCT. They
suggested athletes perhaps underestimate their level of SA. Self-reported SA assessments have
been criticized as being unable to accurately report SA (Salmon et al., 2009) because they are
thought to be influenced by an individual’s performance or memory and not on a participant’s
actual SA (Endsley, 1995b). However, it is still important for athletes to know if they are over-
or underestimating their SA abilities. This knowledge may allow them to alter their behaviour

to better suit their environment and performance (Knez & Ham, 2006).
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3.3 Cognitive skills associated with Situation Awareness in sports

The results of our literature search showed the cognitive skills of visual search,
anticipation, and decision making were directly linked to SA in a sports context. McGuckian
et al. (2020) examined the visual search behaviours of soccer players, Caserta & Singer (2007)
studied how anticipation, decision making, and SA influenced tennis performance, and lastly
Murray (2018) isolated the effect of SA on decision making in elite squash players. As a
reminder, whilst a plethora of sporting research will investigate and report on these elements,
only those that specifically discuss these in relation to SA were included in the review (this

point is addressed later in the discussion).

3.3.1 Visual search behaviours.

Perception—the first level in Endsley's (1995b) framework of SA—is heavily
influenced by an individual’s ability to efficiently and effectively use vision to monitor their
environments. Perception (Level | SA) errors are notably the most common amongst SA errors,
particularly due to the failure to recognize or see important environmental elements (Mason,
2020). Therefore, visual behaviours are important in acquiring SA. Each athlete has different
perceptions and roles in their environment based on their past experiences, coaching, and
positions played (Richards et al., 2009). Playing positions, offense or defence, positions on the

pitch, and the flow of the game can all impact an athlete’s visual perception and ultimately SA.

McGuckian et al. (2020) examined how SA and decision making (DM) via visual

search behaviours is affected based on an athlete’s pitch position, role on the team, and phase
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of play. Twenty-two teenage Australian National Premier League youth players competed in
two separate 11 v 11 training matches. The players’ head movements and pitch position were
recorded. The authors examined data regarding pitch zone, ball possession, phase of play, head
turn frequency, and head turn excursion for each player. McGuckian et al. (2020) reported the
ball possession, phase of play, location on the pitch, and playing role constrained the way
players visually explored their environment. They found players explored more extensively
when they were in possession of the ball in comparison to when they were not. The authors
suggested players were not searching as much prior to ball possession and thus compensated
and searched more when they received possession. In a defensive or attacking area on the pitch,
players explored more than they did in central or neutral areas despite being surrounded by
teammates and opponents in the central areas which offered an abundance of visual
information. McGuckian et al. (2020) proposed that players should develop their visual
searches in the central pitch areas. The players also searched more when their team had
possession of the ball compared to when the opposing team had possession and transition
phases when there was no clear possession. McGuckian et al. (2020) suggested there may be
less searching in transition phases due to the uncertainty of the situation and the increased task
demands. The authors also reported that players were only in possession roughly 2% of the
playing time, and they argued that players should develop their searching abilities outside of
ball possession. McGuckian et al. (2020) suggested that perception—and the visual behaviours
that underly it—forms the base of a person’s SA, therefore it is important that players are able

to increase their searching abilities in times outside of possession to increase their SA.

Yet, despite this mention, this study did not measure the relationship between visual
search behaviours and SA explicitly. Because perception (Level I SA) is the foundation for
good SA (Endsley, 1995b), sports studies investigating SA should ideally explore the

relationship between visual behaviours. Other domains, such as driving, have extensively
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identified visual search strategies and their effect on SA (Haupt et al., 2015; Scott et al., 2013;
Underwood et al., 2003). Generally, more experienced drivers exhibit more effective search
strategies and also have better driving performance and SA (Konstantopoulos et al., 2010;
Mackenzie & Harris, 2017). In sports, many studies have examined gaze behaviours (Binsch
et al., 2009, 2010; Panchuk et al., 2017; Panchuk & Vickers, 2006; Vickers, 1996), but few
have related those behaviours to SA. Therefore, we argue that it is important to examine how
sports participants use perception and visual behaviours to achieve SA within a sporting

domain.

3.3.2 Anticipation.

Anticipation has long been investigated within sporting contexts (Loffing & Cafial-
Bruland, 2017; Williams & Jackson, 2019). Projection (Level 111 SA) is often seen as the ability
to anticipate or predict what may happen next in the environment (Jackson et al., 2009).
Therefore, it can be argued that anticipation and SA are highly related. Information from
athletes’ bodies, kinematics, and equipment is often used to anticipate shot direction (Cafal-
Bruland et al., 2011), movement (Loffing et al., 2015), and deceptive actions (Wood et al.,

2017), which affect sports performance.

Caserta & Singer (2007) investigated how anticipation and SA training in tennis
influenced performance on a tennis-related video task (identify where to position oneself to
return a shot). Training was instruction-based and, depending on the experimental condition,
informed participants about: the most important cues to attend to (visual), the meaning of those
cues (understanding), how to use this information to anticipate shots (anticipation) and how to
respond effectively (decision making). After training, each participant viewed several tennis

video clips and were required to choose a location to return a shot by manually pressing buttons
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that represented areas of a tennis court. The results were that, overall, the training groups
responded faster than the control group (no instructional training) but there was no difference
in accuracy (Caserta & Singer, 2007). The training had perhaps enhanced the awareness of
strategies, court positioning, and shot tendencies and thus allowed the training groups to make
faster decisions (Caserta & Singer, 2007). The authors proposed that athlete performance can
be improved with training SA, anticipation, and DM skills rather than years of developing
physical skills. Importantly, Caserta & Singer (2007) argued that training perceptual skills
should go beyond isolating anticipation and DM and should instead combine the skills
associated with SA to provide athletes with a complete set of perceptual tools. The results of
Caserta & Singer (2007) lend credence to the idea that SA is important in dynamic sports
contexts, and that training SA and anticipation skills may be effective in assisting athletes’ DM

processes.

3.3.3 Decision Making.

The decision making (DM) abilities of athletes have long been explored by researchers
and practitioners. Researchers generally accept that SA is an important foundation for DM and
ultimately performance (Mason, 2020). Many also agree that DM in complex environments,
such as sports competitions, requires extensive domain expertise that is acquired through many
hours and years of practice and experience (Hutton & Klein, 1999; Macquet & Fleurance,
2007). In a SA context, DM is influenced by an individual’s ability to take in all relevant
sources of environmental information, combine that information using knowledge from past
experiences, and physically respond to that information (Murray, 2018). Researchers also argue
that SA is an important precursor to DM (Endsley, 1995b), meaning that better SA may lead

to better decisions.
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Murray (2018) investigated how SA influenced the decision of which shot to play in
expert squash players. Over 40 squash matches were recorded, and player shot type, player
position and movement, and ball position were tracked using squash game tracker technology.
Based on these quantifiable aspects of play, the authors conducted a cluster analysis to identify
categories of shot-outcome. The analysis revealed six, what the authors termed, “SA clusters”
that related to the shot the player decided to play. For example, an “attempted winner”, was
revealed as a cluster that often resulted from when the player identified the opponent was out
of position and the player was facing low pressure (i.e., more time to play the shot). Conversely,
a “defensive” cluster was identified, and this was a shot outcome that would result from when
the player was facing high pressure (i.e., where the distance they would have to travel to make
the shot was large or the time they had to make the shot was short). The authors suggest this
method and the results allowed for a fine-grained analysis into the reasons for differences in
behaviour and decision making within expert-level players. And this is an important addition
to the field, where much of the research into differences in behaviours within sports addresses

the differences between expert groupings (novice/amateur/professional).

We would argue the terminology of “SA cluster” is somewhat misleading as it seems
these clusters are categorized as decision making outcomes rather than SA itself. SA is
arguably more related to the analysed components that fed into the corresponding cluster (i.e.,
having awareness of an opponent’s position or awareness of how long one has to make a shot).
The authors make an inference that the players had SA related to these parameters that then
may have influenced the decision of which shot to play, but there was no measure of SA per
se. Successful decision making is likely, at least in part, a result of successful SA (Endsley,
1995b) but is not the same as SA. This distinction is not made particularly clear in the research

by Murray (2018).
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4.0 General Discussion

This scoping review examined SA in sports, focusing on three research questions:
Within sports, 1) What are the different types of frameworks labelled as SA? 2) What methods
are used to directly assess SA? 3) What are the cognitive skills that have been explicitly linked
to an SA framework? Our results confirmed there is a paucity of sources which report studies
of SA within sporting contexts. In this section, we will discuss the key findings, implications,

and present suggestions for future studies of SA in sports.

4.1 Issues with description in frameworks

Perhaps one of the more surprising findings in this review is the scarcity of using the
more tangible three-level SA framework in a sporting context. It has been investigated in other
domains such as aviation and driving and is able to provide quantifiable insights into the nature
of SA and how it might link to sporting performance. As such, one would argue this is an
appropriate starting point for investigating SA in sports. Yet, in much of the research described,
analyses relating to SA frameworks have been somewhat retroactive. That is, games have been
recorded and then researchers make inferences based on the behaviour observed (Knez & Ham,
2006; Murray, 2018). Whilst this approach has benefits such as being able to analyse
naturalistic behaviour, it often results in very descriptive research; research that appears to
provide only surface level observations of what information a human or digital agent may hold.
From our literature search, we ultimately found a lack of testability and replicability in SA
frameworks used in sports, namely with the Distributed Situation Awareness (DSA) and Shared
Situation Awareness (SSA) frameworks. The descriptive nature of these frameworks makes it
difficult to compare results across the studies and draw conclusions on the importance of SA

in sports. While DSA and SSA acknowledge the importance of team communications and
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technological agents in SA, they do not provide a reliable and/or valid method of measurement.
Nor do they provide an in-depth measure of performance or decision-making or indicate the
sufficiency of SA. There is no discernible component to DSA and SSA which allows one to
conclude if a person’s SA is good or bad, and there are no performance measures described to
correlate with the SA. Consequently, the implications for training and assessment become
limited, which are aspects that are often targeted in sports cognition (Caserta & Singer, 2007,
McGuckian et al., 2020; Patrick & Morgan, 2010). If SA in sports is to be trained as a means
to aid performance, as it has been in other domains (Mason, 2020; Salehi et al., 2018), including
driving (Horswill et al., 2013; Wetton et al., 2013; Young et al.,, 2017), and aviation
(Muehlethaler & Knecht, 2016), then we argue for the importance of quantifiable measures of

assessment in SA frameworks.

4.2 Underdeveloped methods assessing SA and the potential for a Synchronized SA
framework

Providing individual assessment of SA in sports is hugely important as 1) many sports
are individual based (e.g., squash) and 2) even in team sports, team performance is (usually) a
culmination of individual performances. As demonstrated in other domains, Endsley’s (1995a)
SAGAT method appears reliable for assessing individual SA (Crozier et al., 2015; Dishman et
al., 2020; Endsley, 2000a; Ikuma et al., 2014; Jannat et al., 2018; Joffe & Wiggins, 2020; Kaber
et al., 2016; Lavoie et al., 2016) given its link to the three-level framework. As such this is
likely again a good starting point in assessing SA in sport. Other methods identified as
providing assessment (or claiming to) for individual SA included the Cognition Self-
Assessment Tool (CSAT) and Random Number Cognition Test (RANCT; Knez & Ham, 2006).

There were issues relating to the validity of SA measurements in sport which was most salient
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with the RANCT which appeared to assess visual search/identification and not SA. Beyond
this, no research that we are aware of had demonstrated a level of validity in their tool
(including SAGAT) by comparing performance between, for example, novices and
experienced, ‘more expert’ sports players, or even winning and losing teams. One could argue
that identifying performance differences across these groups would identify expertise effects
suggesting a level of validity in the tool (if, of course, the more experienced or expert players
perform better than novices). We see this type of comparison in What Happens Next (WHN)
tools in driving, for example, Kroll et al. (2020) have shown that emergency response drivers

outperformed control drivers in a WHN task based on the SAGAT.

The reviewed studies also gave conflicting results regarding the relationship between
physical performance and SA, with Ng et al. (2013) stating no relationship between actual
performance and SA, and Knez & Ham (2006) stating the opposite. Given the scarcity of
research it is difficult to make any claims here linking ‘adequacy of SA’ and sporting
performance. Developing more quantifiable and sensitive measures of SA would benefit the
field whereby one might be better able to identify the link between SA and sporting
performance. These measures might also identify the possible disconnect between level of SA
and sporting performance where, for example, an avid soccer viewer has high level of SA but

is physically unable to perform.

Whilst continuing research into methods of assessing SA at an individual level is
warranted, perhaps there is opportunity to also better investigate the interaction between
individual SA and team performance. One such possibility would be to use the more promising
SAGAT method of assessment to capture SA at the individual level and compare this across
the team. It is possible that the successful teams have increased synchronicity across probe
questions. Rather than there being an absolute correct answer for SAGAT probe questions, it

might be the case that what is important is the synchronicity in the answer across the team
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where players are interpreting cues in a similar way to arrive at the same answer. And this is
despite players having different perspectives and positions. This would allow players on the
same team to make decisions regarding the current state of play, safe in the knowledge that
their teammates were likely thinking the same thing. We are terming this concept Synchronized

SA (SyncSA).

This concept of SyncSA would combine the team elements of DSA with the
individualized measurement of a SAGAT probe technique to determine how the overlap of SA
in individual team members can influence the effectiveness of a team. Rather than this being a
new framework of SA, it takes the principles of the three-level framework, assesses these
principles at an individual level using the SAGAT probe-like method and then compares the
synchronicity of answers across the team as a measure of SynchSA. The first hypothesis to test
is whether increased levels of SyncSA relates to more team wins. The second hypothesis to test
would be to investigate the relative importance of SyncSA compared to performance on a more
traditional there-is-always-a-correct-answer SAGAT probe task. To this end, we will explore

the possibilities of a SyncSA model in future research and encourage others to do so as well.

4.3 Cognitive skills and SA, and general limitations

The cognitive skills directly linked to SA in sports were visual behaviours, anticipation,
and decision-making (Caserta & Singer, 2007; McGuckian et al., 2020; Murray, 2018). The
three-level framework of SA acknowledges that these cognitive skills contribute to SA or, in
the case of decision making, is a potential product of SA (Endsley, 1995b). Many sports studies
have alluded to the importance of SA, but either only isolate a particular cognitive skill to study
(Macquet & Fleurance, 2007; Macquet, 2009), or in the case of McGuckian et al. (2020), do

not demonstrate how the cognitive skill (visual search) relates to SA. What is arguably missing
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here is 1) a body of research that better links cognitive skills to SA and 2) a body of research
that investigates the interaction between these cognitive skills and their relation to SA. Perhaps
what is needed initally however is a larger review on the potential cognitive skills (within and
across perception, comprehension and anticipation) that could, in principle, link to an
individual’s SA, despite not being explicitly termed SA (or an element of). We acknowledge
that there is an extensive body of research that investigates cognitive skills (such as visual
search) in sports that were not reviewed in this paper. The scope of this review was to identify
research that made direct mention of or links between cognitive skills in relation to SA. We
direct the readers to example reviews that directly focus on some of the cognitive skills in
sports highlighted here more generally and outside the context of SA e.g., visual search
(McGuckian et al., 2018) and anticipation (Loffing & Cafial-Bruland, 2017), however a wider,
holistic, and in-depth review of a range of cognitive skills that could relate to SA in sports is

warranted.

Owing to the vague descriptive nature of the Distributed Situation Awareness (DSA)
and Shared Situation Awareness (SSA) frameworks one might question if the role of cognitive
skills is supported by or indeed relevant to DSA/SSA. We argue that the role of cognitive skills
in acquiring DSA/SSA is currently unclear rather than them not being important. One of the
advantages of the three-level framework is the potential to identify how SA can be acquired by
means of the individual, yet interacting, components including the cognitive skills. Research
into the possible cognitive skills that would be related to DSA/SSA would be warranted.
Where, for example, in the case of DSA, visual search would likely be very important for sports

officials in aiding in the decision of the legality of a play.

It is also important to highlight a general limitation to some SA in sport studies where
studies are conducted in laboratory settings with simulations or video displays (e.g., Loffing &

Cafial-Bruland, 2017; Smeeton et al., 2013; Williams & Jackson, 2019; Wright et al., 2011).
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Lab-based studies are important building blocks in cognitive research in general but often do
not consider the importance of in situ environments where variables that are otherwise
controlled for influence behaviour in a meaningful way (Kingstone et al., 2008). There is also
a lack of research into whether the lab-based behaviours transfer to the field (Williams et al.,
2003). Although there is some suggestion of transference (Gabbett et al., 2009), there is
evidence that certain behaviours, (e.g., eye movement strategies) often differ between passive
lab-based methods and their more active “real-world” counterparts (Foulsham et al., 2011,
Mackenzie & Harris, 2015; Risko & Dunn, 2015). We believe that it is important for sports
researchers to also investigate SA abilities or elements of SA on the field during real game play

(e.g., Aksum et al., 2021).
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5.0 Conclusion

The purpose of this review was to answer the research questions: Within sports, 1) What
are the different types of frameworks labelled as SA? 2) What methods are used to directly
assess SA? 3) What are the cognitive skills in an SA framework? We conducted a scoping
review of the current literature of SA in sporting environments. We found that Endsley’s
(1995b) three-level framework and Distributed Situation Awareness (DSA) were the most
mentioned frameworks of SA in sports, while the methods used to directly assess SA in sports
varied across studies and sports. Lastly, the cognitive skills of visual behaviours, anticipation,
and decision-making were directly linked with SA in sports. We ultimately conclude that in
order to advance the field of SA in sports, researchers: might find advantage in grounding their
research within the three-level framework (at least initially), identify quantifiable ways to
assess individual and team SA and, importantly, identify how significant SA or the elements

of SA are in relation to performance in naturalistic contexts.



34

742 References
743

74Aksum, K. M., Pokolm, M., Bjegrndal, C. T., Rein, R., Memmert, D., & Jordet, G. (2021).
745  Scanning activity in elite youth football players. Journal of Sports Sciences.
746  https://doi.org/10.1080/02640414.2021.1935115

74Bacon, P. L., & Strybel, T. Z. (2013). Assessment of the validity and intrusiveness of online-probe
748  questions for situation awareness in a simulated air-traffic-management task with student air-
749  traffic controllers. Safety Science, 56, 89-95.

75Binsch, O., Oudejans, R. R. D., Bakker, F. C., & Savelsbergh, G. J. P. (2009). Unwanted effects in
751  aiming actions: The relationship between gaze behavior and performance in a golf putting
752  task. Psychology of Sport and Exercise, 10(6), 628-635.

753 https://doi.org/10.1016/j.psychsport.2009.05.005

75Binsch, O., Oudejans, R. R. D., Bakker, F. C., & Savelsbergh, G. J. P. (2010). Ironic effects and
755  final target fixation in a penalty shooting task. Human Movement Science, 29(2), 277-288.
756  https://doi.org/10.1016/j.humov.2009.12.002

75Burnett, A. M., Bishop, D. T., Ashford, K. J., Williams, A. M., & Kinrade, N. P. (2017). Decision-
758  making of English Netball Superleague umpires: Contextual and dispositional influences.

759  Psychology of Sport and Exercise, 31, 52-60.

760  https://doi.org/10.1016/j.psychsport.2017.04.003

76Can, H., Lu, M., & Gan, L. (2011). The research on application of information technology in
762  sports stadiums. Physics Procedia, 22, 604-609. https://doi.org/10.1016/j.phpro.2011.11.093

76€afal-Bruland, R., Zhu, F. F., der Kamp, J. van, & Masters, R. S. W. (2011). Target-directed
764  visual attention is a prerequisite for action-specific perception. Acta Psychologica, 136(3),
765  285-289. https://doi.org/10.1016/j.actpsy.2010.12.001

76€aserta, R. J., & Singer, R. N. (2007). The effectiveness of situational awareness learning in
767  response to video tennis match situations. Journal of Applied Sport Psychology, 19(2), 125—
768  141. https://doi.org/10.1080/10413200601184712

76€hapman, L. R., Molloy, L., Wright, F., Oswald, C., Adnum, K., O’Brien, T. A., & Mitchell, R.
770  (2020). Implementation of situational awareness in the pediatric oncology setting. Does a
771 ‘huddle’ work and is it sustainable? Journal of Pediatric Nursing, 50, 75-80.

772 https://doi.org/10.1016/j.pedn.2019.10.016

77€rozier, M. S., Ting, H. Y., Boone, D. C., O’Regan, N. B., Bandrauk, N., Furey, A., Squires, C.,
774  Hapgood, J., & Hogan, M. P. (2015). Use of Human Patient Simulation and Validation of the
775  Team Situation Awareness Global Assessment Technique (TSAGAT): A Multidisciplinary
776 ~ Team Assessment Tool in Trauma Education. Journal of Surgical Education, 72(1), 156—
777 163

77€rundall, D. (2016). Hazard prediction discriminates between novice and experienced drivers.
779  Accident Analysis and Prevention, 86, 47-58. https://doi.org/10.1016/j.aap.2015.10.006



35

78de Winter, J. C. F., Eisma, Y. B., Cabrall, C. D. D., Hancock, P. A., & Stanton, N. A. (2019).
781  Situation awareness based on eye movements in relation to the task environment. Cognition,
782  Technology and Work, 21(1), 99-111. https://doi.org/10.1007/s10111-018-0527-6

78Bebanne, T., & Chauvin, C. (2014). Modes of cognitive control in official game handball
784  coaching. Journal of Cognitive Engineering and Decision Making, 8(3), 283-298.
785  https://doi.org/10.1177/1555343414538819

78Bishman, D., Fallacara, M. D., & Wright, Melanie, C. (2020). Adaptation and Validation of the
787  Situation Awareness Global Assessment Technique for Nurse Anesthesia Graduate Students.
788  Clinical Simulation in Nursing, 43, 35-43.

78Burso, F. T., & Gronlund, S. D. (1999). Situation Awareness. In F. T. Durso, R. S. Nickerson, R.
790  W. Schvaneveldt, S. T. Dumais, D. S. Lindsay, & M. T. H. Chi (Eds.), Handbook of Applied
791 Cognition (pp. 283-314). John Wiley & Sons, Ltd.

792  https://lwww.researchgate.net/publication/232562661

79Burso, F. T., Hackworth, C. A., Truitt, T. R., Crutchfield, J., Nikolic, D., & Manning, C. A.
794  (1999). Situation Awareness As a Predictor of Performance in En Route Air Traffic
795  Controllers.

79Endsley, M. R. (1988). Situation Awareness Global Assessment Technique (SAGAT). IEEE, 789-
797  795.

79Bndsley, M. R. (1995a). Measurement of Situation Awareness in Dynamic Systems. Human
799  Factors, 37(1), 65-84.

80&ndsley, M. R. (1995b). Toward a theory of situation awareness in dynamic systems. In Human
801  Factors (Vol. 37, Issue 1, pp. 32-64). https://doi.org/10.1518/001872095779049543

80Endsley, M. R. (2000a). Direct Measurement of Situation Awareness: Validity and Use of
803 SAGAT. InD.J. Garland (Ed.), Situation Awareness Analysis and Measurment. Law.
804  https://doi.org/10.4324/9781315087924-9

80Endsley, M. R. (2000b). Situation awareness: A comparison of measures Human-Autonomy
806 Interaction View project Careers View project.
807  https://lwww.researchgate.net/publication/259703417

80Bndsley, M. R. (2021). A Systematic Review and Meta-Analysis of Direct Objective Measures of
809  Situation Awareness: A Comparison of SAGAT and SPAM. Human Factors, 63(1), 124—
810  150. https://doi.org/10.1177/0018720819875376

81Foulsham, T., Walker, E., & Kingstone, A. (2011). The where, what and when of gaze allocation
812 in the lab and the natural environment. Vision Research, 51(17), 1920-1931.
813  https://doi.org/10.1016/j.visres.2011.07.002

81@abbett, T., Jenkins, D., Abernethy, B., Macrae, H., & Mckenna, J. (2009). Game-Based Training
815  for Improving Skill and Physical Fitness in Team Sport Athletes Reviewers. In International
816  Journal of Sports Science & Coaching (Vol. 4, Issue 2).



36

81Gillespie, B. M., Gwinner, K., Fairweather, N., & Chaboyer, W. (2013). Building shared
818  situational awareness in surgery through distributed dialog. Journal of Multidisciplinary
819  Healthcare, 6, 109-118.

82bladlow, S. M., Panchuk, D., Mann, D. L., Portus, M. R., & Abernethy, B. (2018). Modified
821  perceptual training in sport: A new classification framework. In Journal of Science and
822  Medicine in Sport (Vol. 21, Issue 9, pp. 950-958). Elsevier Ltd.

823  https://doi.org/10.1016/j.jsams.2018.01.011

82Kaupt, J., van Nes, N., & Risser, R. (2015). Look where you have to go! A field study comparing
825 looking behaviour at urban intersections using a navigation system or a printed route

826 instruction. Transportation Research Part F: Traffic Psychology and Behaviour, 34, 122—
827  140. https://doi.org/10.1016/j.trf.2015.07.018

82Blorswill, M. S., Taylor, K., Newnam, S., Wetton, M., & Hill, A. (2013). Even highly experienced
829  drivers benefit from a brief hazard perception training intervention. Accident Analysis and
830  Prevention, 52, 100-110. https://doi.org/10.1016/j.aap.2012.12.014

83Hulme, A., Thompson, J., Plant, K. L., Read, G. J. M., Mclean, S., Clacy, A., & Salmon, P. M.
832  (2019). Applying systems ergonomics methods in sport: A systematic review. Applied
833  Ergonomics, 80, 214-225. https://doi.org/10.1016/j.apergo.2018.03.019

83kunter, J., Porter, M., & Williams, B. (2020). Towards a theoretical framework for situational
835  awareness in paramedicine. In Safety Science (Vol. 122). Elsevier B.V.
836  https://doi.org/10.1016/j.ssci.2019.104528

83Futton, R. J. B., & Klein, G. (1999). Expert Decision Making. Systems Engineering, 2(1), 32-45.

83kuma, L. H., Harvey, C., Taylor, C. F., & Handal, C. (2014). A guide for assessing control room
839  operator performance using speed and accuracy, perceived workload, situation awareness,
840 and eye tracking. Journal of Loss Prevention in the Process Industries, 32, 454-465.

84Jackson, L., Chapman, P., & Crundall, D. (2009). What happens next? Predicting other road users’
842  behaviour as a function of driving experience and processing time. Ergonomics, 52(2), 154—
843  164. https://doi.org/10.1080/00140130802030714

84dannat, M., Hurwitz, D. S., Monsere, C., & Funk Il, K. H. (2018). The role of driver’s situational
845  awareness on right-hook bicycle-motor vehicle crashes. Safety Science, 110, 92-101.

84doffe, A. D., & Wiggins, M. W. (2020). Cross-task cue utilisation and situational awareness in
847  learning to manage a simulated rail control task. Applied Ergonomics, 89.
848  https://doi.org/10.1016/j.apergo.2020.103216

849onker, C. M., van Riemsdijk, M. B., & Vermeulen, B. (2010). Shared mental models: a
850  conceptual analysis. COIN 2010 International Workshops, Section 2, 132-151.

85Kaber, D., Jin, S., Zahabi, M., & Pankok, C. (2016). The effect of driver cognitive abilities and
852  distractions on situation awareness and performance under hazard conditions. Transportation
853  Research Part F: Traffic Psychology and Behaviour, 42, 177-194.

854  https://doi.org/10.1016/j.trf.2016.07.014



37

85Kingstone, A., Smilek, D., & Eastwood, J. D. (2008). Cognitive Ethology: A new approach for
856  studying human cognition. British Journal of Psychology, 99(3), 317-340.
857  https://doi.org/10.1348/000712607X251243

85Knez, W. L., & Ham, D. J. (2006). A COMPARISON OF THE EFFECTS OF FATIGUE ON
859 SUBJECTIVE AND OBJECTIVE ASSESSMENT OF SITUATION AWARENESS IN
860 CYCLING. In ©Journal of Sports Science and Medicine (Vol. 5). http://www.jssm.org

8e6lKonstantopoulos, P., Chapman, P., & Crundall, D. (2010). Driver’s visual attention as a function
862  of driving experience and visibility. Using a driving simulator to explore drivers’ eye

863  movements in day, night and rain driving. Accident Analysis and Prevention, 42(3), 827-834.
864  https://doi.org/10.1016/j.aap.2009.09.022

86Kroll, V., Mackenzie, A. K., Goodge, T., Hill, R., Davies, R., & Crundall, D. (2020). Creating a
866 hazard-based training and assessment tool for emergency response drivers. Accident Analysis
867  and Prevention, 144(May), 1-14. https://doi.org/10.1016/j.aap.2020.105607

86Kurapati, S., Kolfschoten, G., Hendrik, A. V., Specht, M., & Brazier, F. (2012). A Theoretical
869  Framework for Shared Situational Awareness in Sociotechnical Systems. Proceedings of the
870  2nd Workshop on Awareness and Reflection in Technology-Enhanced Learning, 47-53.

87lLavoie, P., Cossette, S., & Pepin, J. (2016). Testing nursing students’ clinical judgement in a
872  patient deterioration simulation scenario: Development of a situation awareness instrument.
873  Nurse Education Today, 38, 61-67.

g7koffing, F., & Cafal-Bruland, R. (2017). Anticipation in sport. In Current Opinion in Psychology
875  (Vol. 16, pp. 6-11). Elsevier B.V. https://doi.org/10.1016/j.copsyc.2017.03.008

87koffing, F., Stern, R., & Hagemann, N. (2015). Pattern-induced expectation bias in visual
877  anticipation of action outcomes. Acta Psychologica, 161, 45-53.
878  https://doi.org/10.1016/j.actpsy.2015.08.007

87Roft, S., Morrell, D. B., & Huf, S. (2013). Using the situation present assessment method to
880  measure situation awareness in simulated submarine track management. International
881  Journal of Human Factors and Ergonomics, 2(1), 33.

882  https://doi.org/10.1504/ijhfe.2013.055975

88Backenzie, A. K., & Harris, J. M. (2015). Eye movements and hazard perception in active and
884  passive driving. Visual Cognition, 23(6), 736—-757.
885  https://doi.org/10.1080/13506285.2015.1079583

88bMacquet, A. C., & Fleurance, P. (2007). Naturalistic decision-making in expert badminton players.
887  Ergonomics, 50(9), 1433-1450. https://doi.org/10.1080/00140130701393452

88Blacquet, A. C., & Stanton, N. A. (2014). Do the coach and athlete have the same «picture» of the
889  situation? Distributed Situation Awareness in an elite sport context. Applied Ergonomics,
890  45(3), 724-733. https://doi.org/10.1016/j.apergo.2013.09.014

89Macquet, A.-C. (2009). Recognition within the decision-making process: A case study from expert
892  volleyball players. Journal of Applied Sport Psychology, 21(1), 64-79.
893  https://doi.org/10.1080/10413200802575759i



38

89Mason, S. (2020). Practice makes better? Testing a model for training program evaluators in
895  situation awareness. Evaluation and Program Planning, 79.
896  https://doi.org/10.1016/j.evalprogplan.2020.101788

89McGuckian, T. B., Cole, M. H., Chalkley, D., Jordet, G., & Pepping, G. J. (2020). Constraints on
898  visual exploration of youth football players during 11v11 match-play: The influence of

899  playing role, pitch position and phase of play. Journal of Sports Sciences, 38(6), 658—668.
900 https://doi.org/10.1080/02640414.2020.1723375

9oMcGuckian, T. B., Cole, M. H., & Pepping, G. J. (2018). A systematic review of the technology-
902  based assessment of visual perception and exploration behaviour in association football.
903  Journal of Sports Sciences, 36(8), 861-880. https://doi.org/10.1080/02640414.2017.1344780

9oMuehlethaler, C. M., & Knecht, C. P. (2016). Situation Awareness Training for General Aviation
905 Pilots using Eye Tracking. IFAC-PapersOnLine, 49(19), 66-71.
906 https://doi.org/10.1016/j.ifacol.2016.10.463

9okunn, Z., Peters, M., Stern, C., Tufanaru, C., McArthur, A., & Aromataris, E. (2018). Systematic
908  review or scoping review? Guidance for authors when choosing between a systematic or

909  scoping review approach. BMC Medical Research Methodology, 18(143), 143.

910 https://doi.org/https://doi.org/10.1186/s12874-018-0611-x

91Murray, S. R. (2018). PROFILING ELITE MALE SQUASH PERFORMANCE USING A
912  SITUATION AWARENESS APPROACH ENABLED BY AUTOMATED TRACKING
913 TECHNOLOGY.

91Meptune, R. R., McGowan, C. P., & Fiandt, J. M. (2009). The influence of muscle physiology and
915 advanced technology on sports performance. Annual Review of Biomedical Engineering, 11,
916  81-107. https://doi.org/10.1146/annurev-bioeng-061008-124941

91leville, T. J., & Salmon, P. M. (2016). Never blame the umpire — a review of Situation Awareness
918  models and methods for examining the performance of officials in sport. Ergonomics, 59(7),
919  962-975. https://doi.org/10.1080/00140139.2015.1100758

92bleville, T. J., Salmon, P. M., Read, G. J. M., & Kalloniatis, A. C. (2016). Play on or call a foul:
921 testing and extending distributed situation awareness theory through sports officiating.

922  Theoretical Issues in Ergonomics Science, 17(1), 80-103.

923  https://doi.org/10.1080/1463922X.2015.1106617

92hg, S. Y., Peacock, J. B., & Chuan, T. K. (2013). Measuring cognitive abilities of BB players.
925 International Journal of Biomedical and Biological Engineering, 7(11), 740-745.

920rique, S. B., & Despins, L. (2018). Evaluating Situation Awareness: An Integrative Review.
927  Western Journal of Nursing Research, 40(3), 388—-424.

92Banchuk, D., & Vickers, J. N. (2006). Gaze behaviors of goaltenders under spatial-temporal
929  constraints. Human Movement Science, 25(6), 733-752.
930 https://doi.org/10.1016/j.humov.2006.07.001

93Ranchuk, D., Vickers, J. N., & Hopkins, W. G. (2017). Quiet eye predicts goaltender success in
932  deflected ice hockey shotst. European Journal of Sport Science, 17(1), 93-99.
933  https://doi.org/10.1080/17461391.2016.1156160



39

93Ratrick, J., & Morgan, P. L. (2010). Approaches to understanding, analysing and developing
935  situation awareness. Theoretical Issues in Ergonomics Science, 11(1-2), 41-57.
936  https://doi.org/10.1080/14639220903009946

93Richards, P., Mascarenhas, D. R. D., & Collins, D. (2009). Implementing reflective practice
938  approaches with elite team athletes: parameters of success. Reflective Practice, 10(3), 353—
939  363. https://doi.org/10.1080/14623940903034721

94Risko, E. F., & Dunn, T. L. (2015). Storing information in-the-world: Metacognition and cognitive
941  offloading in a short-term memory task. Consciousness and Cognition, 36, 61-74.
942  https://doi.org/10.1016/j.concog.2015.05.014

948alas, E., Stout, R. J., & Cannon-Bowers, J. A. (1994). The Role of Shared Mental Models in
944  Developing Shared Situational Awareness. In R. D. Gilson, D. J. Garland, & J. M. Koonce
945  (Eds.), Situational Awareness in Complex Systems (pp. 297-304). Embry-Riddle

946  Aeronautical University Press.

94%alehi, S., Kiran, R., Jeon, J., Kang, Z., Cokely, E. T., & Ybarra, V. (2018). Developing a cross-
948  disciplinary, scenario-based training approach integrated with eye tracking data collection to
949  enhance situational awareness in offshore oil and gas operations. In Journal of Loss

950  Prevention in the Process Industries (Vol. 56, pp. 78-94). Elsevier Ltd.

951  https://doi.org/10.1016/}.j1p.2018.08.009

953almon, P., Dallat, C., & Clacy, A. (2017). It’s not all about the bike: distributed situation
953  awareness and teamwork in elite women’s cycling teams. In R. Charles & J. Wilkinson
954  (Eds.), Contemporary Ergonomics and Human Factors.

955almon, P. M., & Stanton, N. A. (2013). Situation awareness and safety: Contribution or
956  confusion? Situation awareness and safety editorial. In Safety Science (Vol. 56, pp. 1-5).
957  https://doi.org/10.1016/j.ssci.2012.10.011

958almon, P. M., Stanton, N. A., Walker, G. H., Jenkins, D., Ladva, D., Rafferty, L., & Young, M.
959  (2009). Measuring Situation Awareness in complex systems: Comparison of measures study.
960 International Journal of Industrial Ergonomics, 39(3), 490-500.

961 https://doi.org/10.1016/j.ergon.2008.10.010

963chei, G. S., & Giske, R. (2020). Shared Situational Awareness in a Professional Soccer Team :
963  An Explorative Analysis of Post-Performance Interviews. International Journal of

964  Environmental Research and Public Health, 17(24), 9203.

965 https://doi.org/https://doi.org/10.3390/ijerph17249203

966chOmig, N., & Metz, B. (2013). Three levels of situation awareness in driving with secondary
967  tasks. Safety Science, 56, 44-51. https://doi.org/10.1016/j.ssci.2012.05.029

968cott, H., Hall, L., Litchfield, D., & Westwood, D. (2013). Visual information search in simulated
969 junction negotiation: Gaze transitions of young novice, young experienced and older

970  experienced drivers. Journal of Safety Research, 45, 111-116.

971  https://doi.org/10.1016/j.jsr.2013.01.004

973eppanen, H., Makel4, J., Luokkala, P., & Virrantaus, K. (2013). Developing shared situational
973  awareness for emergency management. 55, 1-9. https://doi.org/10.1016/j.ssci.2012.12.009



40

978meeton, N. J., Hibbert, J. R., Stevenson, K., Cumming, J., & Williams, A. M. (2013). Can
975  imagery facilitate improvements in anticipation behavior? Psychology of Sport and Exercise,
976  14(2), 200-210. https://doi.org/10.1016/j.psychsport.2012.10.008

973meeton, N. J., & Huys, R. (2011). Anticipation of tennis-shot direction from whole-body
978  movement: The role of movement amplitude and dynamics. Human Movement Science,
979  30(5), 957-965. https://doi.org/10.1016/j.humov.2010.07.012

988neddon, A., Mearns, K., & Flin, R. (2013). Stress, fatigue, situation awareness and safety in
981  offshore drilling crews. Safety Science, 56, 80-88. https://doi.org/10.1016/j.ssci.2012.05.027

983ors, F., Murgia, M., Santoro, I., Prpic, V., Galmonte, A., & Agostini, T. (2017). The contribution
983  of early auditory and visual information to the discrimination of shot power in ball sports.
984  Psychology of Sport and Exercise, 31, 44-51.

985  https://doi.org/10.1016/j.psychsport.2017.04.005

9gbtanton, N. A. (2016). Distributed situation awareness. Theoretical Issues in Ergonomics Science,
987  17(1), 1-7. https://doi.org/10.1080/1463922X.2015.1106615

9g8tanton, N. A., Stewart, R., Harris, D., Houghton, R. J., Baber, C., Mcmaster, R., Salmon, P.,
989  Hoyle, G., Walker, G., Young, M. S,, Linsell, M., Dymott, R., & Green, D. (2006).

990 Distributed situational awareness in dynamic systems: theoretical development and

991  application of an ergonomics methodology. Ergonomics, 49, 1288-1311.

99Zaylor, R. M. (1990). Situational Awareness Rating Technique (SART): The development of a
993 tool for aircrew systems designs. Situational Awareness in Aerospace Operations (AGARD-
994  CP-478), 3/1-3/17.

99bJnderwood, G., Chapman, P., Brocklehurst, N., Underwood, J., Underwood, G., Chapman, P.,
996  Brocklehurst, N., & Underwood, J. (2003). Visual attention while driving : sequences of eye
997 fixations made by experienced and novice drivers. Ergonomics, 46(3), 629-646.

998  https://doi.org/10.1080/0014013031000090116

99bnderwood, G., Crundall, D., & Chapman, P. (2011). Driving simulator validation with hazard
1000  perception. Transportation Research Part F: Traffic Psychology and Behaviour, 14(6), 435-
1001  446. https://doi.org/10.1016/j.trf.2011.04.008

100¥ickers, J. N. (1996). Visual Control When Aiming at a Far Target. Journal of Experimental
1003  Psychology: Human Perception and Performance, 22(2), 342-354.
1004  https://doi.org/10.1037/0096-1523.22.2.342

1008Vetton, M. A., Hill, A., & Horswill, M. S. (2013). Are what happens next exercises and self-
1006  generated commentaries useful additions to hazard perception training for novice drivers?
1007  Accident Analysis and Prevention, 54, 57—66. https://doi.org/10.1016/j.aap.2013.02.013

1008Villiams, A. M., & Jackson, R. C. (2019). Anticipation in sport: Fifty years on, what have we
1009 learned and what research still needs to be undertaken? In Psychology of Sport and Exercise
1010  (Vol. 42, pp. 16-24). Elsevier Ltd. https://doi.org/10.1016/j.psychsport.2018.11.014

101Williams, A. M., Ward, P., & Chapman, C. (2003). Training perceptual skill in field hockey: Is
1012  there transfer from the laboratory to the field? Research Quarterly for Exercise and Sport,
1013 74(1), 98-103. https://doi.org/10.1080/02701367.2003.10609068



41

101¥ood, G., Vine, S. J., Parr, J., & Wilson, M. R. (2017). Aiming to deceive: Examining the role of
1015  the quiet eye during deceptive aiming actions. Journal of Sport and Exercise Psychology,
1016  39(5), 327-338. https://doi.org/10.1123/jsep.2017-0016

101Wright, M. C., Taekman, J. M., & Endsley, M. R. (2004). Objective measures of situation
1018  awareness in a simulated medical environment. BMJ Quality and Safety, 13, i65-i71.

1019Vright, M. J., Bishop, D. T., Jackson, R. C., & Abernethy, B. (2011). Cortical fMRI activation to
1020  opponents’ body kinematics in sport-related anticipation: Expert-novice differences with
1021 normal and point-light video. Neuroscience Letters, 500(3), 216-221.

1022  https://doi.org/10.1016/j.neulet.2011.06.045

102¥oung, A. H., Crundall, D., & Chapman, P. (2017). Commentary driver training: Effects of
1024  commentary exposure, practice and production on hazard perception and eye movements.
1025  Accident Analysis and Prevention, 101, 1-10. https://doi.org/10.1016/j.aap.2017.01.007

1026

1027

1028



1029

1030

1031

Table 1. Databases for Literature Search

Database Web Address Accessibility
ScienceDirect sciencedirect.com Institutional
Google Scholar  scholar.google.com Open
NTU Library lIr.ntu.ac.uk/choose-los Institutional
OneSearch Pro
Web of Science  apps.webofknowledge.com Institutional
Psyclnfo search.proquest.com/psycinfo/advanced Institutional
PubMed pubmed.ncbi.nlm.nih.gov Open
SCOPUS scopus.com Institutional

42



1032

1033

1034

1035

1036

1037

Figure 1. PRISMA flow diagram for literature screening and selection

= ScienceDirect (n = 738) Psyclnfo (n=118)
g
E Google Scholar (n = 3040) PubMed (n=9)
=
= NTU Library OneSearch Pro (n=12) SCOPUS (n=13)
%]
= Web of Science (n=21)
1
Total articles (n = 3949)
Irrelevant articles (n=3903)
B
|
§ ) |
E Title / abstract screening (n = 44) Articles excluded (n=11)
Full-text articles assessed (n=35) Articles excluded (n = 25)
£ | |
=
éﬂ Trrelevant Duplicates
n=13) (n=12)
Articles included (n = 10)
Types of SA Methods Cognitive Skills
T Macquet & Stanton (2014) Knez & Ham (2006) Caserta & Singer (2007)
=
é Neville & Salmon (2018) Ngetal (2013) Murray et al. (2018)
=
Neville et al. (2016) McGuckian et al. (2020)
Salmon et al. (2017)
Schei & Giske (2020)

43



	1.0 Introduction
	2.0 Approach
	2.1 Sources of Information
	2.2 Search Terms & Delimiting
	2.3 Selection Criteria Employed

	3.0 Findings & Discussion
	3.1 Situation Awareness frameworks in sports
	3.1.2 Distributed Situation Awareness.
	3.1.3 Shared Situation Awareness.

	3.2 Direct methods of assessing Situation Awareness in sports
	3.2.1 Situation Awareness Global Assessment Technique (SAGAT).
	3.2.2 Cognition Self-Assessment Tool (CSAT) and Random Number Cognition Test (RANCT).

	3.3 Cognitive skills associated with Situation Awareness in sports
	3.3.1 Visual search behaviours.
	3.3.2 Anticipation.
	3.3.3 Decision Making.


	4.0 General Discussion
	4.2 Underdeveloped methods assessing SA and the potential for a Synchronized SA framework
	4.3 Cognitive skills and SA, and general limitations

	5.0 Conclusion
	References

