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Abstract: Three perspectives were taken to explain decision-making within team sports (information
processing, recognition primed decision-making, and ecological dynamics perspectives), resulting
in conceptual tension and practical confusion. The aim of this paper was to interrogate empiri-
cal evidence to (1) understand the process of decision-making within team sports and (2) capture
the characteristics of decision-making expertise in a team sport context. Nine electronic databases
(SPORTDiscus, PsycINFO, PsycArticles, PsycTests, PubMed, SAGE journals online, Web of Knowl-
edge, Academic Search Complete, and Web of Science) were searched until the final return in March
2021. Fifty-three articles satisfied the inclusion criteria, were analysed thematically, and synthesised
using a narrative approach. Findings indicate that the relative absence or presence of mental repre-
sentation within the decision-making process depends on factors, including complexity, typicality,
time available, and contextual priors available in the game situation. We recommend that future re-
search integrate concepts and methodologies prevalent within each perspective to better understand
decision-making within team sports before providing implications for practitioners.

Keywords: decision-making; perception; cognition; action; information processing; recognition
primed decision-making; ecological dynamics

1. Introduction

Post-match diagnosis of team performance will often find individual or collective
decision-making to be the difference between a win, loss, or draw. The importance it holds
leads practitioners to seek understanding of how best to develop expert decision makers.
This is not easy as team sports are often seen as unpredictable [1] environments, which
require players to respond effectively to uncertain situations that vary both in time and
complexity [2]. The scrutiny on decision-making proficiency in applied practice has com-
pelled research to better understand the decision-making process and the characteristics of
expert performance [3]. As a result, three clear perspectives have emerged—information
processing, ecological dynamics, and naturalistic decision-making—that are born from
inherently different views of human behaviour. The crux of the debate typically revolves
around a player’s access to memory representations in the decision-making process. From
an information processing account, players are seen to make decisions through a process
of selection from formalised responses that are stored in memory;

“Perceptual-cognitive skill refers to the ability to identify and acquire environmental
information for integration with existing knowledge such that appropriate responses can
be selected and executed (Marteniuk, 1976)”. [4] p. 457

In contrast, the ecological dynamics perspective proposes that decisions are made
through online perceptual control where perception and action are coupled through the
information available in the environment, absent of cognitive resources [5]. For example;
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“This theoretical rationale proposes that the most relevant informational constraints
for decision-making and controlling action in dynamic environments such as a rugby
match are those that emerge during on-going performer-environment interactions, not
information from past experiences stored in the brain”. [6] p. 131

Unfortunately, the differences between these perspectives present knowledge-hungry
practitioners with a juxtaposition of theoretical concepts, terminology, and practical im-
plications that they may conflate or misinterpret in their design of learning activities and
adopted coach behaviours. Seeing as each perspective disputes the way decision-making
is understood, it is useful to present each view clearly. Those schooled in information
processing have tended to adopt an expert performance approach [7] to understand the
mechanisms and processes that underpin elite performance and discriminate elite players
from their less skilled counterparts [8-10]. The resulting evidence presents decision-making
as a deliberate process of selection, in which expert players excel in their capability to;
extract and process cues from the environment [11,12] recognise and interpret familiar
patterns of play [12-14] form expectations by computing situational probability [15-17].
These processes of selection are viewed as an intermediate agent between what a player
perceives (perception) and how a player responds to the play unfolding about them.

In contrast to the aforementioned process, the school of ecological dynamics describes
how individual and team/shared behaviour emerges as a result of; an ongoing reciprocal
relationship between perception of information, which constrains movement, and action,
which creates information [9,18-20]. The coupling of perception and action can be captured
as invitations for action (or options), known as affordances [21], which are defined relative
to the task goal, structure of the environment and the action capabilities of the performer.
Whilst shared affordances, capture a collective perception of what is possible within the
constraints of a context. Decisions of one player interacting with another (to give or receive
a pass for example) are made based on the affordances offered by the environment and the
perception of the capability of teammates who they are in a position to interact with.

Finally, naturalistic decision-making was conceptualised by Klein, Calderwood, and
Clinton-Cirrocco [22,23] to explain human performance in highly pressurised, time con-
strained situations. They argued that decisions are made through a recognition primed
process that alters from situation to situation according to the decision maker’s familiarity
with the perceptual information available (visual, auditory, olfactory, etc.) and their context
relevant knowledge base [22,23]. In this theory the decision-making process happens
through one of three levels [22-24]. Simple match—represents a case in which the decision
maker recognises a situation as typical as the goals, cues, expectations, and action response
present themselves in an obvious fashion. Diagnose the situation—where the information
is not provided in a typical fashion. Using a process of rapid story telling through mental
simulation, the decision maker has to clarify the goals, cues, and expectations through a
process of diagnosis to restore typicality and come to a decision. Finally, evaluate a course
of action—where the information available (goals, cues and expectations) is recognised but
a course of action does not immediately present itself. As such a course of action is rapidly
mentally simulated considering intended and unintended consequences to disregard or
select an appropriate course of action. We recognise that both the information processing
and naturalistic decision-making perspectives are both grounded in a cognitive view of the
world. However, we propose they are sufficiently different that they are worthy of being
considered as separate approaches to examining decision-making in teams sports. They
will form two separate perspectives throughout this study.

The presence of the three theoretical perspectives and their associated narratives
presents problems for coaches attempting to use theory to inform their practice. First,
researchers are often guilty of taking a firm theoretical stance and presenting just one side
of the argument when making sense of the coaching problem and when interpreting their
findings. Second, differences in the lexicon of the different perspectives can hamper rela-
tional and abstract thinking by coaches. Third, sharing of the findings via social media can
result in nuanced misinterpretations of empirical evidence [25]. Fourth, national governing
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bodies of team sports may prescribe to one point of view and nurture a bias towards one
way of looking at a coaching problem. As a consequence, a practitioner’s engagement
with research can result in bewilderment, conceptual blind spots and convoluted solutions
to an intricate practical problem. In an attempt to provide clarity, a systematic review of
empirical studies on decision-making in team sports was conducted to (i) fully understand
the process of decision-making within team sports and (ii) comprehensively capture the
characteristics of decision-making expertise within a team sport context.

2. Materials and Methods
2.1. Development of a Search Strategy

To start this review, a list of keywords was created by deconstructing the research
aims [26]. These keywords were used to conduct a preliminary search on the SPORTDiscus
database. The returns from the preliminary search were sampled to identify the relevance
to the research aims (i.e., every 10th return) and mined to identify other possible key-
words [27]. This process was repeated until the search typically returned highly relevant
studies. The keywords originally entered also returned studies that were unrelated to the
research aims, such as those associated with sport injury or decision-making in sports
marketing. Subsequently, these terms were added to the search phrase using the NOT
operator. The final search phrase emerging from this process was:

“Decision Mak*”
AND
Sport*
AND
(Expertise* OR Process* OR Coach* OR Tactic* OR Team Game* OR Percept* OR Action* OR
Anticipat* OR Cue OR Knowledg* OR Affordance* OR Cognit*)
NOT
(Sport Injur* OR Adventure OR Recruit)

The following databases were accessed on the basis of relevance to the research
question and accessibility to the lead researcher: SPORTDiscus, PsycINFO, PsycTests,
PubMed, SAGE Journals Online, Web of Knowledge, Academic Search Complete, and Web
of Science.

2.2. Inclusion/Exclusion Criteria

Inclusion/exclusion criteria were used to set clear boundaries to the review process
and ensure returns would pinpoint all studies that met the research aims [28,29]. The
studies included needed to: (i) be peer-reviewed research studies; (ii) be published in
the English language; (iii) be published before March 2021 (when the final search criteria
were established); (iv) have collected original empirical evidence; (v) have reference to
decision-making in the title or abstract; (vi) only involve the investigation in the context of
team sports [29,30]; and (vii) include data that related directly to the aims of the study; for
example, studies reporting findings related to the development of player decision-making,
but neither the decision-making process nor characteristics of decision-making expertise
were omitted.

2.3. Search Returns

The initial search phrase was completed on the 10 May 2017, which returned 524 peer
reviewed articles following the removal of duplicates. In applying the inclusion criteria,
a further 359 articles were excluded for exploring the decision-making of athletes within
individual sports, leaving a total of 165. The full text of each was then assessed against
the inclusion criteria and research aims, which resulted in 123 articles being excluded.
Of these 124, 36 were conceptual or review articles and 88 were articles that produced
empirical data, the majority of which were excluded due to focusing on the development of
player decision-making. Initially, a total of 41 papers met the inclusion criteria. Following



Sports 2021, 9, 65 4 of 28

feedback from an external panel of experts within the subject area in March 2021, a follow
up search was conducted on 6 March 2021, for appropriate articles published after the initial
search. 418 peer reviewed articles were returned and mined leaving 19 appropriate articles
following the removal of duplicates. Of the 19 articles, 12 were excluded, 4 were conceptual,
whilst 8 fell outside the scope of the inclusion criteria as they focused on external factors
influencing the decision-making process (i.e., fatigue or emotional intelligence). A further
5 articles were signposted by the panel for inclusion having not arisen from either search.
In total, 13 articles were added to the initial 41, leaving a total of 53 research articles meeting
the inclusion criteria (See Figure 1).

Records identified Records identified through Additional records
IDENTIFICATION through initial database secondary database search identified through
search after removal of after removal of duplicates other sources
duplicates (n =524) (n=418) (n=5)
SCREENING Records screened s Records excluded
(n=947) (n=758)

l

Full text articles assessed

ELIGIBILITY for eligibility (n =189) —» Full text articles excluded
with reason
(n=136)
i Out of scope (n = 96)

Conceptual papers (n = 40)

Articles included in the
synthesis —
(n=53)

INCLUDED

Figure 1. PRISMA flow diagram demonstrating the process of identification, screening, eligibility, and inclusion of research
articles returned from the search phrase.

2.4. Data Synthesis

The final 53 articles were read multiple times in full to capture the focus of investi-
gation, method, findings, inferences and implications of each study [29]. Following this,
a two-stage thematic analysis was completed to identify consistent themes within the
data [29,31]. First, deductive analysis was used to identify data that informed the research
aims [26,28,29]. Second, each study was rigorously explored and classified according to
the perspectives that shaped the theoretical focus of investigation, the study design and/or
the interpretation of the findings. This exploration enabled comparisons, similarities,
and differences to be drawn between and within each perspective. There was a mix of
quantitative and qualitative data sets across the 53 studies; therefore, to find a “middle
ground” [29], p. 809 a narrative approach to synthesis was adopted to integrate, interpret,
and communicate the relevant findings [32,33].

2.5. Establishing Trustworthiness and Audit Trail

Across the articles returned, an equal balance of quantitative and qualitative study
designs were identified, which led us to take numerous precautions to ensure the trustwor-
thiness of the review [29]. Trustworthiness is a term frequently used in qualitative research
to describe the validity and reliability of a study’s method and findings [29,34]. In order to
establish such trustworthiness, an audit trail was kept of the initial keywords, search terms,
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repeated search phrases and the search returns. Furthermore, the audit trail kept note of
studies that were excluded following the application of the inclusion/exclusion criteria [26].
The audit trail was continuously reviewed and verified by a group of academics who have
conducted research in this area or had a research interest in the area of decision-making
in team sports [29,34]. This included providing support to the lead researcher, acknowl-
edging and challenging personal bias when interpreting findings, shaping and guiding
the methodology of the review, and the guidance of shaping the conclusive interpretations
of the data. Additionally, in an attempt to abide by Tracy’s ‘Big Tent’ criteria of ensuring
quality in our approach [35,36] a panel of expert researchers within the subject area (n = 2)
of decision-making in team sports, offered an external appraisal of the methods, approach,
and returns taken following the initial search.

3. Results
3.1. General Results

The 53 articles included in this systematic review comprised a total population size of
2078 participants, made up of 1552 males, 427 females, and 99 participants whose sex was
not declared. Moreover, 2021 were team sport players and 57 were coaches. Table 1 is a
summary of the research perspective, the level of the sample, the population size of the
sample, the sport, the method, what was measured and an indication of whether the article
assessed choice, perception or choice and perception.

3.2. The Decision-Making Process

Forty-one articles explored the process of decision-making within team sports explicitly
in their studies. Table 2 summarises these findings into the three broad perspectives. In seek-
ing to extract a definitive decision-making process from the literature, clear descriptions (if
available) have been directly quoted from relevant articles. The thematic analysis has shaped
three broad processes that align with the three perspectives: perceptual-cognitive expertise,
perception-action coupling, and recognition primed decision-making, respectively.
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Table 1. Summary of decision-making perspectives, level of sample, population size, team sport, method, measures and assessments of perception, selection or a combination used in the

included articles.

Level of Sample

Assessment of

Author(s) Perspective (as Defined in the Study) Population Size Team Sport Method What Was Measured Perception, ‘Sele‘ctlon
of a Combination?
Information . . Visual search .
1 Afonso [37] . Elite 12 adult females Volleyball In-situ 6 vs. 6 " Combined
processing and cognition
2 AlfOI:ISO Garganta, MC.R obert, Informa.tlon Highly skilled and skilled 27 adult females Volleyball In-situ 6 vs. 6 Visual searc h Combined
Williams, and Mesquita [38] processing and cognition
3 Af.OI.ISO, Gargnata, MFRobert, Informgtlon Recreational 9 adult females Volleyball In-situ and lab based task Visual searc h Combined
Williams, and Mesquita [39] processing and cognition
4 Ba§eV1tF h, Tenenbaum, Filho, Razon, Informa?tlon High skill vs. low skill 40 adult males Soccer Lab based video task A~nt1c1.p ation and Selection
Boiangin, and Ward [40] processing situational awareness
5 Bishop [41] Informe?tlon Elite 13 adult females Netball Lab based task Visual searc h Combined
processing and cognition
Retrospective
6 Bourbousson, Poizat, Saury, and Ecolog{cal Recreational 9 under 18 males Basketball .self-co.nfrontatlon Shared knowledge Combined
Seve [42] dynamics interview with real
game footage
. Lab based and .
7 Bruce, Farrow, Raynor, and Mann [43] Informa.tlon Expert., developmental and 58 adult females Netball decontextualized Skﬂ.l a.md . s Combined
processing less skilled S decision-making ability
in-situ task
8 Causer and Ford [44] Informgtlon Skilled vs. less skilled 205 adults (females .Socce.r and Lab based video task Sltuathl.’lé}l awareness Selection
processing =55, males = 155) invasion sports and decision accuracy
9 CordQVﬂ’ Araujo, Davids, Gouvel,a’ ECOlogl.Cal Relatively experienced 10 adult females Basketball Decontextualized in-situ Movement patterns Selection
Barreiros, Fernandes, and Serpa [45] dynamics lvs. 1
. . . . . Tau (distance between
10 Correia, Araujo, Craig, and Ecolog{cal Semi-professional Match footage Rugby Union Post ho.C .anal'ys1s of attack and defence) and Selection
Passos [46] dynamics competitive fixtures .
decision to pass
1 Correia, Araujo, Davids, Fernandes, Ecolog{cal Semi-professional Match footage Rugby Union Post ho.c fmalysm of Moyement p.atterns and Selection
and Fonseca [47] dynamics competitive fixtures territorial gain
. . . . Non, recreational, . .
12 Cor.rela, Araujo, Cummins, and Ecologl.cal intermediate, and 46 adult males Rugby Union Decpntextuahzed virtual Decision-response Selection
Craig [48] dynamics . reality task-3 vs. 3
professional
Correia, Araujo, Duarte, Travassos, Ecological . . Decontextualized in-situ .
13 Passos, and Davids [49] dynamics Youth recreational 12 males Rugby Union Lvs. 2 Movement patterns Selection
14 Correia, Passos, Araujo, Davids, Ecological Youth recreational 8 males Rugby Union Decontextualised in-situ Movement patterns Selection

Diniz, and Kelso [50]

dynamics

Tvs. 1
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Table 1. Cont.
Level of Sample Assessment of
Author(s) Perspective X . P Population Size Team Sport Method What Was Measured Perception, Selection
(as Defined in the Study) o
of a Combination?
. o .. . . . Collective movement
15 Correia, de Oliveira, Clavijo, da Silva, Ecolog{cal Experienced 32 adult males Futsal Post. hoc analysis of patterns and Combined
and Zalla [51] dynamics In-situ futsal games. : .
interpersonal distances
16 Esteves, de Oliveira, and Araujo [52] ECOlOgl.Cal ?{outh noviee and 32 males Basketball Decontextualized in-situ  Foot placement and Selection
ynamics intermediate 1vs. 1 movement patterns
17 Evans, Whipp, and Lay [53] Informatlon Adultand . 16 adult males Football Repeated mn-situ 6vs. 4 Cognition, knowlen.ige Combined
processing youth-recreational and verbalisations and pattern recognition
18 Fuji, Isaka, IEouzakl, and Informa}tlon N/A Computer model Basketball l?econtextuallzed Anticipation Selection
Yamamoto [54] processing simulated model-1 vs. 1
Information . Decontextualized lab . . .
19 Memmert and Furley [55] . Youth recreational 63 males Handball In attentional blindness Combined
processing based tasks
69 basketball Decision-response and
20 Furley and Memmert [56] Informe?tlon Recreational (36 male 3.3 female) Easketball and .Lab.based and working memory Combined
processing and fifty five ice hockey in-situ task .
capacity
adult males
Gredin, Broadbent, Williams, and L 10 adult males and . Decision accuracy and .
21 Bishop [57] Naturalistic Expert soccer players 8 adult females Soccer Lab based video task judgment utility Selection
22 Gorman, Abernethy, and Farrow [58]  Naturalistic Expert and novice 32 adult males Basketball In-Situ 5vs. 5 Pat’fan recall and Combined
decision-response
Information . . . Decontextualized lab S .
23 Jackson, Warren, and Abernethy [59] . Skilled and novice 28 adult males Rugby Union Anticipation Combined
processing based task 1 vs. 1
Jackson, Kinrade, Hicks, and Information County, regional Hockey and Post hoc analysis of Cognition and .
24 Wills [60] processing and national 59 adult females Netball competitive fixtures decision-reinvestment Selection
Retrospective
25 Johnston and Morrison [61] Naturalistic Profe ssional .and 10 adult males Rugby League verbalisations alongside Cognlt}qn and Combined
semi-professional game footage and recognition
game images
. 111 participants . i
26 Kinrade, Jackson, and Ashford [62] Informgtlon Recreational (80 adult males, 31 Basketball and Comparlso‘nhbet‘ween Cog.n‘ltlon a?nd Selection
processing adult females) Korfball coach classifications decision-reinvestment
Information Low and high pressure rcezglgglszn::lcel;cs}iséin
27 Kinrade, Jackson, and Ashford [63] . Skilled 38 adult males Basketball lab based 2 vs. 2 and 4 p ! Selection
processing accuracy and

vs. 4.

decision-reinvestment
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Table 1. Cont.
Level of Sample Assessment of
Author(s) Perspective X . P Population Size Team Sport Method What Was Measured Perception, Selection
(as Defined in the Study) o
of a Combination?
Klatt, Noel, Musculus, Werner, Information Coaches 62 adult male Lab based video Creativity, intuition and
28 Laborde, Lopes, Greco, Memmert, rocessin Elite vouth coaches and fifty Football taskCoaches- cultural differences in Combined
and Raab [64] p & ¥ six under 19 males Questionnaire decision-making.
Retrospective semi Situational factors
29 Levi and Jackson [65] Naturalistic Professional 8 adult males Football pect . influencing Combined
structured interviews .. .
decision-making.
. . Lab based retrospective o
30 Lex, Essig, Knoblauch, and Informe?tlon Less and more experienced 58 adult males Football verbalisations alongside Cog.n.1t10n and Combined
Schack [66] processing . decision-accuracy
game images
Retrospective Coenition and
31 Macquet and Kragba [67] Naturalistic Elite 7 adult females Basketball self-confrontation gn Combined
. . decision-response
interview
Retrospective Coenition and
32 Macquet [68] Naturalistic Professional 7 adult males Volleyball self-confrontation gh Combined
. . decision-response
interview
Information Pattern detection,
33 Magnaguagno and Hossner [69] . Expert vs. near expert 24 adult males Handball Lab based 1 vs. 1 task response and positional Selection
processing -
differences
Retrospective
34 McPherson and Vickers [70] Informe?tlon Elite 5 adult males Volleyball Verbahsatlon.s follf)w1.ng Vlsua.ll.search and Combined
processing decontextualized in-situ ~ cognition
3vs. 3
Lab based task and
35 MFRobert, Ward, Eccles, and Informa}tlon Less and more skilled 20 adult males Cricket retrospect} ve . Vlsugleearch and Combined
Williams [71] processing verbalisations following  cognition
real game footage
Retrospective
36 Mulligan, McCracken, and Naturalistic Expert and non-expert 23 adult males Ice-Hockey .self-co.nfronFatlon Fan.lqlarlty and Combined
Hodges [72] interview with real decision-accuracy
game footage
37 Musculus [73] ;r;f)ocrer;?;c:gn Expert vs. near expert 169 adult males Soccer Lab based video task Option generation Combined
38 Passqs Cordovil, Fernandes, and Ecologl'cal Recreational 24 males Rugby Union Decontextualized in-situ Movement patterns Selection
Barreiros [74] dynamics 2vs. 1
Paterson, Van der Kamp, Bressan, Ecological . . In-situ and lab based free .. .
39 and Savelsburgh [75] dynamics Semi-professional 10 adult males Football Kick task Decision-accuracy Selection
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Table 1. Cont.
Level of Sample Assessment of
Author(s) Perspective X . P Population Size Team Sport Method What Was Measured Perception, Selection
(as Defined in the Study) o
of a Combination?
40 Pepping, Heijmerikx, and De Ecolog{cal Recreational 8 adult males Football Decc?ntextuallzed in-situ Physgal 'and technical Selection
Poel [76] dynamics passing task capabilities
41 Poplu,.R1poh, Mavromatis, and Naturalistic Expert and novice 48 adult males Football Lab based .task alongside Decision-accuracy Combined
Baratgin [77] real game images
42 Ramps, Coutinho, R}beuro, Fernandes, Ecolog{cal Youth recreational 15 females Volleyball Action research Performance Selection
Davids, and Mesquita [78] dynamics
151 participants
43 Raab [79] Informa}tlon Recreational (26 adult female, Basketball and Lab based tasks Decision-accuracy Combined
processing 26 adult male, handball
99 unspecified)
44 Raab and Laborde [80] Informe?tlon Youth expert, near expert, 54 (27 females and Handball Lab based tasks Dec.ls,.lon-accuracy and Combined
processing and non-expert 27 males) decision-type
45 Richards, Collins, and Naturalistic Elite 1 female Netball Action Research Performance Selection
Mascarenhas [81] adult coach
. Lab based task and .
46 R(?Cé’ Ford, McRobert, and Informa.tlon Skilled and less skilled 40 adult males Football retrospective Cog.'nlltlon and Combined
Williams [82] processing - decision-accuracy
verbalisations
. Lab based task and o
47 R(?Cé’ Ford, McRobert, and Informe}tlon Skilled and less skilled 48 adult males Football retrospective Cog"n‘ltlon and Combined
Williams [83] processing . decision-accuracy
verbalisations
. 19 participants (11 . . . .
48 Schlappi-lienhard and Hossner [84] Informa}tlon Elite adult femalesand  Beach Volleyball Retrospective semi Decision m iakmg Combined
processing 8 adult males) structured Interviews characteristics
49 Sllva}, Travassos, Vilar, Aguiar, and Ecologl'cal Youth recreational 20 males Football In-situ small sided games Collective movement Selection
Davids [85] dynamics patterns
50 Silva, Vilar, Davids, Araujo, and Ecologl'cal Youth recreational 10 males Football In-situ small sided games Collective movement Selection
Garganta [86] dynamics patterns
51 Travassos, Araujo, Davids, Esteves, Ecolog{cal Intermediate 15 adult males Futsal In-situ small sided games Collective movement Selection
and Fernandesl [87] dynamics patterns
52 Travas.sos, Goncalves,' Marcelino, Ecolog{cal Professional 12 adult males Football In-situ small sided games Collective movement Selection
Monteiro, and Sampaio [88] dynamics patterns
53 Travassos, Vilar, Araujo, and Ecologl.cal Intermediate 15 adult males Football In-situ small sided games Collective movement Selection
McGarry [89] dynamics patterns
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Table 2. Summary of descriptions of the decision-making process used in the included articles.

Perspective Articles Aligned Clear Descriptions of the Decision-Making Process
Afonso [37]
Afonso et al. [38,39]
Basevitch et al. [40]
Bishop [41] e . . . . . . . . . . .
Bruce et al. [43] onsequent/l/y, it appears vital that practice and instruction sessions include the coupling of perception, cognition and action
Causer and Ford [44] ,? omponer'lts. [71]p. 531 . . . .. . ”
Fuji et al. [54] [gl]ers)e ;l(;lls enable performers to make an assessment of the current situation and select appropriate decisions under time pressure.
E(c:tzgg e\jvztr[eioln d Abernethy [59] “The first approach that explains intuitive and deliberative decision-making is an automatic information processing approach. It argues
Kinra de/ etal. [62] y that. i.ntuitive .ChOiCQS are .fast and su.bconscio.us associatior}s betw.een a Perceived situation and a course of action.. .. .Intuitive.
Information  Kinrade, Jackson and Ashford [63] decision-making .from this pferspectlve describes §uch choices as 1mpuls1v.e (Deutsc.h an.cl.Strackf 2008) or as “feeling is for domg”
Processing  Klatt et .;11. [64] (Zeelenburg, Neh?sen and"Pleters, 2008). The main argument is that emotions can implicitly activate associated goals that manifest
(n =25) Memmert and Furley [55] I’Ehem.s?lves be}}awf)urauy. [80] pp- 89._.90 . . . . .
Furley and Memmert [56] Decision-making is defined as the 'c.1b111ty to use mforma'tlon from the c1.1rren”t situation and the knowledge possessed about it so as to
Lex et al. [66] plan, select and execute an approprlate goal-directed action or set of actions.” [44] p. 1 .
Magqgnaguango and Hossner [69] ”Conce}?tually both Const.ructs of mtuifcive al:ld creative decisif)n-making have in common that before a decision is made, option
McPherson and Vickers [70] generation prOCGSS?S are 1nvolyed, which br%ng .:about the options to choF)se from.” .[64.] p- 651 . . .
McRobert et al. [71] ”T(? account for option generation and selectl.on in sport’s, .tth theqry of simple heurlstlcs' can serve as a thegretlcal sFartlng point
Musculus [73] (Glggrenzer.apd Todd, 199?; Raab, 2012]. A simple heuristic is defined as a strategy that ignores part of the information, with the goal of
Raab [79] making decisions more quickly, frugally and/or accurately than more complex methods.” [73] p. 272
Raab and Laborde [80]
Roca et al. [82,83]
Schlappi-Lienhard and Hossner [84]
Bourbousson et al. [42] “There was some .eVidence. to %nterpret decision-making as an eme.:rgent process under ‘differing task constraints.’f [45] p- 177
Cordovil et al. [45] “As follows, decision-making in sport can be regarded as a goal-directed process of acting on the affordances available in the
Correia et al. [46-51] performance environment.” [49] p. 306
Esteves, de Oliveira and Araujo [52] “ ... decision-making behaviours continually emerge from interactions between players and their surroundings. From this perspective,
Ecological Passos é tal. [74] emergent decision-making behaviour has been conceptually defined as transitions in the action paths of performers.” [48] p. 244
dynamics Paterson et 'al [75] “Decision-making and perception are both grounded in action that is, constrained by the action capabilities of the participants.” [75] p. 14
(n=18) ) “When variability increases significantly, the system reaches a critical state of organisation, which prompts it to evolve. A region of

Pepping, Heijmerikx and De Poel [76]

Ramos et al. [78]
Silva et al. [85,86]
Travassos et al. [87-89]

self-organised criticality refers to a state reaches by a complex system near the border or edge of chaos.” [51] p. 297

“Decision-making can be regarded as emerging from constraints in the player-environment interaction that push the players to pick up
informational variables about the possibilities for action afforded in the unfolding dynamics in order to accomplish performance goals.”
[47] p. 985
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Table 2. Cont.

Perspective Articles Aligned Clear Descriptions of the Decision-Making Process
Evans, Whipp and Lay [53]
Gorman, Abernethy and Farrow [58] “ ... the NDM approach is also grounded in the premise that decisions are based on fast, pattern-matching processes which generally
Gredin et al. [57] result in the rapid generation of one ‘sufficient” option.” [72] p. 200
N . . Johnston and Morrison [61] “ ... player’s decision-making was based both on a process of recognition of a typical situation and on the use of associations between a
aturalistic . . S . .
decision- Levi and Jackson [65] typ}calﬁltuatlon an'd a typical action. [68].p. 74 ' ' o .
making Macquet and Kragba [67] “It is widely recognized that decision-making depends on sense-making (e.g., Klein 2009). Sense-making is the process of analysing event
(n = 10) Macquet [68] retrospectively, explaining apparent anomalies, anticipating the future, and directing exploration of information.” [67] p. 346
Mulligan, McCracken and Hodges [72]  “This model describes a decision process whereby a decision maker is first informed by pattern matching and informal reasoning, and
Poplu et al. [77] options are compared to their compatibility with the situation, a process driven by the decision maker’s recognition of key features
Richards, Collins and within the operational environment.” [61] p. 392

Mascarenhas [81]
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3.2.1. Information Processing
Perceptual-Cognitive Expertise

Sixteen studies presented the decision-making process as one encompassed by a player’s
possession of specific key perceptual-cognitive skills [40,41,43,44,53,55,56,64,66,69-71,73,82-84]
namely; the utilisation of domain knowledge in perceiving informational cues [44,55,66],
the identification of global, salient and predictive cues [40,41,64,69,73,84], rapid retrieval of
knowledge from memory representations [40,43,44,56,69], option generation [40,64,66,69,73],
and the role of intuition in the form of the take the first heuristic [40,59,64,73,80]. A con-
current theme is the prevalence of representation as a connecting mechanism between
what players see and how they act. McRobert et al. [71] found that skilled cricket batsmen
fixated on predictive cues, which were processed through the retrieval of information and
afforded anticipation of future outcomes. In two studies, Roca and colleagues [82,83] found
that skilled players were better able to verbalise the retrieval process. They proposed that
players use task specific memory representations that allow them to perceive the most
relevant cues, retrieve the most suitable response and perform the most appropriate action.
McPherson and Vickers [70] found that elite volleyball players update memory representa-
tions with knowledge of current event profiles (kinematic patterns, strengths, weaknesses,
previous patterns of play) to inform future performance known as action-plan profiles. The
sixteen studies on perceptual-cognitive expertise appear to agree that expert decision mak-
ers possess a larger ‘database’ of task specific information [40,43,44,56,69]. This ‘database’
of information is described as a catalyst for the retrieval of task specific mental representa-
tions that can be grown and refined to facilitate each stage of a perception-cognition-action
process [40,71].

Four of these studies investigated expert team sport players decision-making, in the
form of the intuitive take the first heuristic or option generation processes [40,64,73,80].
Klatt et al. [64] compared the decision-making accuracy of elite Brazilian and German senior
academy football players through a video decision-making task. Intuition was measured
by assessing the accuracy of participants’ first options, whilst creativity was measured in
the number of appropriate options participants were able to generate. Basevitch et al. [40];
high skill vs. low skill and Musculus [73]; expert vs. near expert also employed video based
decision-making tasks that assessed participants decision-making process in line with the
“less is more” take-the first heuristic or “more-is-more” option generation processes whilst
manipulating time available to make a decision. Participant responses in all three studies
were valued against an expert coaching panel who indicated a rank of which options were
best in each trial. Klatt et al. [64] found that Brazilian players were more accurate than
German players in their decision-making as they generated a higher number of options,
whilst also being more accurate in their first option. Basevitch et al. [40] reported that
experts were more accurate than near experts in their decision response, their intuitive
responses were more effective when less time was available, whilst generating more
options was more effective when more time was available. Finally, Musculus et al. [73] only
presenting findings supporting the less-is-more process, as participants who generated less
options were more successful at indicating an accurate first response.

Dependence on Task Specific Declarative Knowledge

Six studies explored the role of consciousness within the cognitive control of the
decision-making process [60,62,63,79,80]. Kinrade et al. [62] and Jackson et al. [60] both
found that a player’s disposition to engage task specific declarative knowledge in decision-
making (decision-reinvestment) or worry about the consequences of a decision (decision-
rumination) predicted performance under pressure. Players with a raised tendency to
‘reinvest’ in task specific declarative knowledge or ruminate were more likely to suffer per-
formance decrements when placed under pressure. Similarly, Raab and Laborde [80] found
that players with a tendency to consciously process and deliberate over their decisions
were less successful than those who acted through intuition.
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Four studies considered the influence of the situation on the level of cognition em-
ployed by participants in the decision-making process. Four studies manipulated the
complexity of information (number of attackers, defenders and options) and temporal
constraints (time available) [40,63,73,79]. Kinrade et al. [63] found that tendencies for
decision-reinvestment and decision-rumination were both negatively associated with per-
formance on relatively complex tasks yet led to faster and more accurate decisions when
the task was less complex. The amount of task specific declarative knowledge available
to the players was not associated with the tendency to reinvest in this knowledge base
under pressure, or to ruminate [63]. Raab [79] manipulated dependence on cognitive
resources in learning either by providing a set of ‘if-then’ rules (i.e., task specific declarative
knowledge) or by occupying cognitive resources with a subsidiary task (implicit learn-
ing condition). He found that task specific declarative knowledge facilitated transfer to
relatively complex tasks, whereas, more implicit learning conditions led to superior per-
formance when the task was less complex. Basevitch et al. [40] compared the anticipation,
option generation and option prioritisation of high and low skill soccer players through
a video-based decision-making task to explore automatic vs. analytical decision-making
processes. Participants were required to watch video clips of footage from 11 vs. 11 game
footage and once the screen occluded, anticipate what would happen, identify the possible
options, and then prioritise those options by ranking them in their use. Additionally, the
temporal constraints were time varied across three trials of 400 ms, 200 ms, and 0 ms and
in cued (screen paused at point of occlusion) and non-cued (screen blacked out at point of
occlusion) conditions. Skill based differences between groups indicated that high skilled
participants automatic/intuitive and analytical decision-making complimented each other.
More time gave higher skilled players an increased opportunity to explore and analyse all
options successfully, whilst less time demanded a successful automatic/intuitive response.
Musculus [73] employed a comparable video task with soccer players, with short-time
(7.5 s) and long-time (30 s) of a paused frame at the point of occlusion. Their findings
presented that intuitive decision-making was more effective for both near experts and
experts across both conditions.

3.2.2. Ecological Dynamics
Perception-Action Coupling

Eleven studies explored the decision-making process as a reciprocal relationship be-
tween the player’s perception of the environment and the actions of the player [45-52,74-76].
Eight of the eleven studies analysed patterns in players movements in the context of the
task environment [45,46,48-52,74]. Passos et al. [74] found that the distance of the defender
from the touchline within a 2 (attackers) vs. 1 (defender) situation in rugby union influ-
enced the attackers decision to pass, which was taken as evidence for decision-making as an
emergent process constrained by the player’s capability. Similar inferences emerged from
an evaluation of movement responses in relation to variables, including distances between
attackers and defenders and the time it took to close tau [46], the posture of the players [52],
physical height [45], and the manipulation of instructional and task constraints [45,49,50].
Across these six studies, the authors encapsulate this relationship under the term “affor-
dances’, which are defined as invitations for action. Similar findings were presented by
Correia et al. [48] and Correia et al. [50]. Correia et al. [48] found that skilled rugby player’s
decisions were dependent on the emergence of gaps between defenders. The skilled group
were found to make a decision to run or pass depending on whether a clear gap emerged
between the defenders, whereas the less skilled group were found to take the first gap
frequently, regardless of a better option being available. Later, Correia et al. [50] indicated
that decisions emerged depending on the interaction between attackers, defenders, and the
touchline as findings demonstrated patterns in players decisions to use lateral movement
towards or away from the side-line in 1 attacking vs. 1 defending rugby union player
tasks. Esteves, di Oliveria, and Araujo [52] suggested that a superior capability to perceive
affordances can be attributed to the attunement of the player to available perceptual infor-
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mation and better calibration between the information perceived and the capability of the
player to meet their intended goal.

Paterson et al. [75] found that players were led by their intention within the task (to
score) and their action capabilities (shooting ability, accuracy). Players tended to minimise
the risk of shooting inaccurately by only selecting targets where their probability of scoring
was high. Paterson et al. [75] suggested that a player’s skilled intention was directly
guided by their capabilities to score, as a direct result of the decision-making process being
‘grounded in action’. Finally, Pepping, Heijmerikx, and De Poel [76] found that players
decision-making behaviour adapted when shooting towards a target, passing to a teammate
or passing over longer distances. They attributed these findings to a relationship between a
player’s action capabilities, in this case mainly passing capability, and the opportunities for
action that were presented to them. In summary, studies adopting an ecological dynamics
perspective, report findings that were proposed to support the notion of decision-making
as a coupled process of perception and action that cannot be separated.

Co-Adaption and Shared Affordances

Ten studies explored the process of synergies, co-adaption, and shared affordances
within team decision-making behaviour. Silva et al. [85] found that national level rugby
players covered a greater width of the pitch in attack and defence relative to their regional
colleagues when the width of the pitch increased, suggesting a collective movement re-
sponse to changes to task constraints. Collective movement was also identified when
an attacking team had a numerical advantage [86,88] and when the number of football
goals on the pitch increased [89]. This was attributed to the notion of co-adaption, where
teams implicitly adapt their collective response to changes to the constraints within the
performance environment [86]. Similarly, Correia et al. [47] explored territorial gain dy-
namics within sub-elite rugby union players. Their design analysed twenty-two attack vs.
defence second phases of play within the opponents twenty-two metre line and measured
distance gained by the attacking team. They found that functional groupings of attacking
players termed synergies were a likely indicator of increase distance gained, findings also
suggested that distance gained was a variable, which may have distinguished between
successful and unsuccessful attacks. Ramos et al. [78] used an action research design to
consider the development of team synchronisation, synergies and collective functionality
in match play over the duration of a season. Their findings demonstrate that appropriate
training environments that represent match demands and increase variability are likely to
result in an increase in synchrony of counter attacking play.

Travassos et al. [87] found high variability in the interpersonal distances of attack-
ing and defending players at the start of the passing task yet identified a convergence
in movement at the point of pass initiation. They suggested that the convergence was
driven by attacking players (both ball player and supporting teammates) perception of
their opponent’s capability to intercept the pass. Correia et al. [50] also found that higher
variability of displacement trajectories between attacking teammates and defensive oppo-
nents led attacking players to demonstrate positive decision-making behaviour rather than
risk averse behaviour. Similarly, Passos et al. [74], found that the position of the supporting
player and the distance of the defender from the touchline in a rugby 2 vs. 1 situation
both influenced the timing of a pass, suggesting that a player making a decision takes into
account the action capabilities of others. Four of these studies [47,78,85,86] explored the
emergence of synergies in teams collective decision-making behaviour. Findings indicating
co-adapted behaviour were also identified in a 1 attacker vs. 1 defender rugby union
task [50].

3.2.3. Recognition Primed Decision-Making

Four studies [61,67,68,72] investigate the process of recognition primed decision-
making in team sports. The findings of each study fit Zsambok and Klein’s [24] model of
recognition primed decision-making, which proposes that the process a player follows to
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decide on the best course of action depends on the demands of the situation [24,61,67,68].
Mulligan et al. [72] reported that expert ice hockey players identify patterns of play that
encapsulate salient information in an attempt to assess the typicality of the situation.
Johnston and Morrison [61] found that expert rugby league players also possess higher
levels of pattern recognition and tend to make decisions with little conscious thought when
a situation is typical. Taken together the two studies are consistent with Zsambok and
Klein’s [24] view that a situation that is rapidly perceived as typical may only demand
a simple match between the situation and a decision as the goals, cues and expectancies
present themselves in a rapid and simple fashion (Level I). A situation that is initially
perceived as atypical requires diagnosis to decide on an appropriate course of action (Level
II), [24]. Macquet and Kragba [68] found that as the typicality of the situation decreased,
there was a greater requirement for players to deliberately make sense of the unfolding
situation and assess the risk associated with, in this instance, running a pre-planned play;
players were aware of the risk of a decision having a negative outcome (e.g., loss of the
point being played; see also); [61,67,68]. The final level of decision processing proposed
by Zsambok and Klein’s [24] describes, a situation that is perceived as typical yet leads to
mental rehearsal of multiple courses of action in order to evaluate which course is likely
to result in the best possible outcome (Level 3). Both Macquet [68] and Macquet and
Krabga [67] found that in team sports players rarely verbalised decision-making processes
that were consistent with this level of decision. Two studies explored the importance of
pattern matching, although not explicitly aligned to the RPD process. Both Poplu et al. [77]
and Gorman et al. [58] found recurrent relationships between a player’s capability to match
patterns and the accuracy of their decision.

Two studies explored the influence of contextual priors on the naturalistic decision-
making process of team sport players [57,65]. Levi and Jackson [65] interviewed profes-
sional football players for their perspectives on the impact of context on the decision-
making process. Inductive thematic analysis of interview data indicated that dynamic
themes, such as personal performance, score status, momentum and external/coach in-
struction, and static themes, such as match importance, personal pressures and preparation,
shape and influence the nature of the decision-making process. Their findings suggest
that positive momentum can lead to situational favourableness where players feel that the
game is going their way. Winning can result in increased confidence and a higher tendency
to take risks, whilst losing can increase risk averse behaviour. Gredin et al. [57] examined
the impact of players’ judgments on available explicit contextual priors and anticipation
in 2 vs. 2 video-based soccer decision-making tasks. Judgement and anticipation were
measured through accuracy scores and verbal reports of their decision-making process.
The findings indicated that expert players use knowledge to recognise explicit contextual
priors to inform their judgment and anticipation.

3.3. Characteristics of Decision-Making Expertise

A total of thirty-six studies identified characteristics of decision-making expertise. The
results of the thematic analysis have been summarised in Table 3. Combined in the synthesis
were a total of 21 key characteristics that fall under the three broader characteristics of
perception, action capabilities and knowledge. We have deliberately chosen not to present
these against an assumed theoretical perspective, as we are simply trying to capture the
characteristics of decision-making expertise presented by empirical research.



Sports 2021, 9, 65

16 of 28

Table 3. Thematic analysis-characteristics of decision-making expertise extracted from the articles.

Broad Characteristic

Key Characteristic

Article

Cue identification
Global cues
Salient/Predictive cues

[40,44,57,61,64,65,69,70,73]
[40,54,57,59,61,64,65,69-71,73,84]

Perception Visual Search
Higher no. fixations [38,43,71,82]
Lower no. fixations [66,83]
Adaption of visual search behaviour to task [39,41,66,71,83]
Saccade latencies [41]
Action scaled
Speed [45,50,74]
Action Capabilities Skill [43,45,74,75]
Body scaled
Posture [52]
Height [45]
Task specific declarative knowledge
Condition concepts [38]
Mental representations [38,40,44,56-58,61,64,65,69,70,73,77]
Working memory capacity [56]
Knowledge Option generation [40,57,65,69,77]
Contextual priors [57,65,69]
Creativity [64]

Collective Knowledge
Tactical knowledge (shared mental model/playbook)
Shared knowledge

[42,45,55,67,68,78,81]
[55,67,68,78,81]

3.3.1. Perception
Cue Identification

Twelve studies explored the use of cues within player decision-making [40,54,57,59,
61,64,65,69-71,73,84]. Johnston and Morrison [61] found that skilled players were able
to cluster higher order cues together into one source of information (e.g., the width of a
defensive line), whereas less skilled players more readily focus on discrete bits of infor-
mation (e.g., gaps between individual defenders). ‘Cue clustering’ is presumed to allow
numerous sources of information to be seen through one ‘global’ cue, thereby accelerating
and optimising the decision-making process [61]. Similarly, McPherson and Vickers [70]
concluded that expert volleyball players attended to rich chunks of information, as single
visual search fixations were congruent with players’ verbalisations of cues and tactical infor-
mation. These findings suggested that experts tend to perceive rich chunks of information
that allow earlier opportunities to act.

Across the studies the findings were consistent in differentiating skill level based on per-
ception of salient information to predict the outcome of an opponent’s action [54,59,61,71,84].
For instance, McRobert et al. [71] found that skilled cricket players focused on salient in-
formation that was proximal to the bowler, such as the bowler’s hand, to anticipate the
conclusive location of the ball at the point it would reach the batsmen. Furthermore, within
a simulated model of a basketball 1-on-1 situation, Fuji et al. [54] artificially changed the
timing and location of a defenders front foot. The adjustment had a direct impact on the
attackers drive direction and the performance outcome. Jackson et al. [59] found that high
skilled rugby players were less susceptible to deceptive information than their less skilled
counterparts; implying that skilled performers have learned to discriminate genuine visual
information from deceptive information.
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Studies included within this review that have explored experts decision-making
processes through the take the first heuristic [40,64,73], option generation [40,44,64,73], and
contextual priors [57,65,69] demonstrate clear findings that experts are able to perceive
information of a global and salient nature earlier than less skilled players.

Visual Search

Nine papers used visual search tracking technology to attempt to gain insight into
the mechanisms underpinning decision-making in team sport [37,38,41,43,66,70,71,82,83].
Four of these studies found that higher skilled players tended to make more visual fixations
than lesser skilled players [38,43,71,82]. McRobert et al [71] attributed the higher number of
fixations made by skilled cricket batsmen to their tendency to search for additional locations
to identify the gaps between fielders. In direct contrast, Lex et al. [66] found that more
experienced soccer players made less fixations than their less experienced counterparts
when a 11 vs. 11 situation was presented. Roca et al. [83] reported a similar pattern of
findings, when the situation contained only 1 or 2 opponents or teammates. However,
unlike Lex et al. [66], when Roca et al. [83] presented a full 11 vs. 11 situation more
experienced players made relatively more fixations [83]. The authors of these studies
appear to agree that differences reflect the ability of skilled players to adapt their visual
search behaviour to the changing demands of the task [66,71,83]. Two outstanding findings
were presented by Afonso et al. [39], who found that players fixate for longer when they
are in-situ compared to when they respond to screen based stimuli in the laboratory [39]
and Bishop [41] found that players’ saccadic eye movements were faster left to right than
right to left and provided habitual reading from left to right in western culture as the most
likely explanation.

3.3.2. Action Capabilities

Six studies [43,45,50,52,74,75] explored players action capabilities as a characteristic
of decision-making expertise. Bruce et al. [43] found that the lesser-skilled netball players
made decisions independent of their capability to perform the requisite skill. Likewise,
Esteves et al. [52] found that the decision on which side to attack a defender in a 1-on-1
situation was independent of expertise, but was significantly influenced by defender pos-
ture (i.e., foot placement). In this case, the action capability of the defender to regain a
position to defend the basket influenced the attacker’s decision. The novice attacker’s pos-
ture gave away information regarding their upcoming drive direction, while intermediate
attackers were better able to hide this information. In contrast, both Passos et al. [74] and
Correia et al. [50] found significant relationships between rugby players tendency to run
and the distance of the defender from the touchline. Passos et al. [74] suggested that the
ball carrier’s capability (speed, skill) to run through the gap between the defender and
touchline directly influenced the action performed. Similarly, Paterson et al. [75] found a
significant relationship between a football player’s ability to shoot and the challenge point
of the target (target size and distance) they chose to shoot at, as better players chose more
challenging targets. The authors suggested that the players’ selections were partially based
on perceptions of their capability to meet the task demands. Similarly, Cordovil et al. [45]
found that the height of basketball players was associated with inefficient movement paths
towards the basket, resulting in an updated decision response.

3.3.3. Knowledge
Task Specific Declarative Knowledge

Fourteen studies identified the role of task specific declarative knowledge in decision-
making expertise [38,40,44,56-58,61,64,65,69,70,73,77]. Afonso et al. [38] found that highly
skilled volleyball players tended to be able to verbalise a greater number of key pieces of
game specific information than their lesser skilled colleagues. Afonso et al. [38] referred to
this task specific knowledge as condition concepts, whereas studies reporting comparable
findings refer to consciously accessible clusters of task and domain specific information
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mental representations, which are recalled from long term memory [58,61,71,77]. Stud-
ies exploring expertise differences present consistent findings where increased retrieval
of memory representation is related to more accurate intuitive processes [64,73], option
generative processes [40], and recognition of contextual priors [57,65,69]. McPherson and
Vickers [70] found that elite participants are better able to verbalise game specific infor-
mation following in-situ events. They suggested that the superior recall of game specific
information is a result of stored responses in long term memory, which they referred to as
mental representations. Additionally, Furley and Memmert [56] found that recreational
basketball players with a low working memory capacity (i.e., more limited cognitive
resources] were more susceptible to being distracted by secondary task-irrelevant informa-
tion than players who have a high capacity, suggesting that the availability of cognitive
resource influences a player’s capability to use task specific declarative knowledge. Finally,
Klatt et al. [64] defined expert soccer players” use of creativity as the ability to create novel
and appropriate solutions to problems. In order to measure this they measured the quantity
and effectiveness of option generation, which they linked to players knowledge of where
to look and why.

Collective Knowledge

Seven studies [42,45,55,67,68,78,81] explored the concept of collective knowledge
within teams. A consistent finding is that shared knowledge of tactical information across
a team affords better decision-making. Richards et al. [81] reported that players adoption
of a shared mental model of tactical understanding resulted in a game-to-game increase
in effective decision-making and team performance. In a similar vein, findings were
reported that signalled the importance to team performance of a “playbook” or shared
tactical understanding [67,68]. Similarly, Ramos et al. [78], albeit from an integrated
ecological dynamics and constructivist approach, initiated an action research design to
improve a volleyball teams collective synchronicity and decision-making behaviour over
the duration of a season. Their findings demonstrated that explicit collective cue perception,
shared tactical understanding, having shared strategic game plan, shared anticipation,
and prioritisation of roles and responsibilities were at the heart of learning throughout
the season. Macquet [68] refers to the use of teams having a shared understanding of
pre-programmed tactics which support better execution of coordinated patterns of play in
high-speed match specific situations. Bourbousson et al. [42] found a total of 47 knowledge
elements were shared amongst a basketball team before the start of a competitive match.
Following the game, player recollections showed that the collective knowledge pool of the
team diminished throughout the duration of the match.

Cordovil et al. [45] found that tactical instruction had a significant influence on the
actions and movements of players. The finding was interpreted as tactical instructions
directly influencing the players’ goal directed intentions and the decision that emerges. Fi-
nally, Memmert and Furley [55] found evidence to suggest that specific tactical information
provided by coaches can result in players missing important pieces of information.

4. Discussion
4.1. The Decision-Making Process

The first aim of this review was to use empirical research to better understand the
process of decision-making in team sports. Table 2 classifies studies by perspective and
presents the representative descriptions of information processing, ecological dynamics,
and naturalistic decision-making processes that were extracted from the papers.

Interrogation of the data has unearthed views about the decision-making process that
are shared by the different perspectives. Foremost, is the idea that perception of salient
information actuates the decision-making process [40,44,48,61,64,68,71,73,77]. Taking an
ecological standpoint, Esteves et al. [52] suggested that skilled players are better able to
identify opportunities for action afforded by the task environment, which is consistent
with the proposal by those taking an information processing view that skilled players are
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better able to identify salient [70], predictive [71], global cues [61] within the context of
their intended goal. The ‘hunt’ for affordances/salient information appears adaptive and
dependent on task demands [38,51,66,83]. It is noteworthy that all the studies reviewed
conflate perception of the environment with visual perception, ignoring the prevalence
of auditory cues in team sport, e.g., teammates talking to each other. This seems to be a
particularly interesting route for investigation. It is important to know more about how
perception of information of this kind is integrated into the decision-making process.

How team sport players use, interpret or act upon perceptual information reflects
the differences of the three perspectives. Advocates of ecological dynamics suggest that
players have an inherent perception of what is technically and physical possible (action
capabilities) in the context of the intended goal [45]. In contrast, those taking an information
processing or naturalistic view argue that players develop task specific representations of
how (procedural) and why (declarative) to respond in a certain way, which are retrievable
from long-term working memory [40,44,53,64,70,73]. The pool of task specific declarative
knowledge is said to be continually updated with experience of competitive situations (i.e.,
current event profiles; [70]) or through an improved tactical understanding presented by
the coach [68]. From an ecological perspective, competitive experience enables a refine-
ment of what the performance environment affords via attuning the player to its salient
properties and calibrating the players action capabilities to the perceptual information
unfolding before them [52]. Refined perceptual attunement offers an ecological explanation
for Jackson et al.’s [59] finding that experts are able to see through the deceptive acts of
their opponents. Noteworthy, is the interpretation of data by Cordovil et al. [45] who
concludes that expert actions are a result of an interaction between task constraints and
coach-led instructional constraints (i.e., tactics). Cordovil and colleagues align themselves
to an ecological view yet acknowledge a place for the cognitive processing of task spe-
cific declarative knowledge (tactical instruction). Interpretations such as this highlight
a significant tension between the perspectives that centres on the presence (information
processing and naturalistic decision-making) and absence (ecological dynamics) of mental
representation. Taken at face value, the relative quantity of empirical studies aligned to
information processing, adds weight to the argument for the presence of memory represen-
tations in the decision-making process. However, the reduced quantity of papers aligned
to ecological dynamics may be a function of its recent arrival on the team decision-making
landscape having been built on previous theoretical perspectives of dynamical systems
theory [90] and ecological psychology [91]. Furthermore, the uneven representation of
perspectives in the included papers may highlight the empirical challenges imposed on
research taking a more holistic view of a problem; therefore, it is important not to dismiss
this work purely on the quantity of evidence. Tensions can perhaps be calmed by the
naturalistic perspective.

From the evidence associated with naturalistic decision-making, there is a sugges-
tion that certain situations demand a cognitive assessment of perceptual information,
whereas some situations require little to none. Experts appear to amend their visual search
strategies dependent on the type of situation faced and these shifts in visual attention
appear to correlate with players’ verbalisations of their cognitive processes [66,70,83]. This
view is supported by Raab [79] who identified that the complexity of a task (e.g., number
of teammates and/or opponents) dictates the process underpinning a player’s decision-
making. Implicit processes lend themselves to low complex environments whereas more
explicit processes are more likely to be used in high complex environments [79]. Situa-
tional complexity may be defined by player perception of the typicality of a performance
environment [67,68]. Familiar environments afford a simple match of a response to the
play unfolding (Level 1 of the RPD process) [67,68] underpinned by implicit processes [79],
whereas atypical environments evoke explicit diagnosis of the decision-making problem
(Level 2 of the RPD process). Parallels can be drawn here to Klatt et al.’s [64] findings
regarding the complimentary use of intuition and option generation by elite Brazilian foot-
ball players, which suggested that successful use of creative and intuitive decision-making
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processes may dependent on the situation presented in the game [64,92,93]. Furthermore,
Basevitch et al. [40] found that the successful use of an intuitive process or option genera-
tion was dependent on the temporal constraints (400, 200, or 0 ms) presented in the task.
When expert players had more time, they generated more appropriate options, whilst
when they had less time, intuitive processes were identified as being more accurate. Based
on the evidence, it is logical to subscribe to the view that “cognition is best understood by
looking at its environment” [93], cited in [79] p. 428.

The data has also suggested that the tendency to engage cognitive resources in
decision-making is dependent on the player. Certain individuals depend more on conscious
processes to select a course of action [60,63,80] particularly under pressure and sometimes
inappropriately (e.g., low complexity tasks) [63]. In sum, the findings imply that the role
of cognition in the decision-making process in team sports is fluid and dependent on the
complexity /typicality of information available [79], the time available [40,67] and player
disposition [60,62,63,80]. Furthermore, findings presented from Levi and Jackson [65],
Gredin et al. [57], and Magnaguagno and Hossner’s [69] indicated that it is not only the
complexity and temporal constraints of a situation that drive a decision-making process,
but the explicit contextual priors that are available to a player. Dynamic contextual priors
include assessment of personal performance, the score status, feelings of momentum and
external coach/player instruction [57,65,69]. Whilst static contextual priors include the
match importance, personal pressures, and a player’s preparation for a game [65]. Contex-
tual priors capture a significant amount of social and psychological factors that can cause
players to: be more confident, make risk averse decisions or risky decisions, reinvest in task
specific declarative knowledge, feel pressured, experience feelings of situational favourable-
ness, and identify strengths and weaknesses of teammates and opposition [57,65,67]. Levi
and Jackson [65] and Gredin et al. [57] findings suggest that both dynamic and static con-
textual priors significantly influence the perception of game information and the decision
itself [57,65,69]. Subsequently, this evidence suggests that a more integrated view of the
decision-making process may be the best way to progress our understanding of a player’s
decision-making in team sports.

Consideration of Methods

From the findings three distinct methods were unearthed, which included real time
in-situ experiments (on field and lab based), a posteriori assessments of the decision-
making process and verbalisation methods. Additionally, ten articles combined a posteriori
evaluation with verbalisation methods of assessment [40,61,64,66—68,71,72,82,83] whilst
two articles combined real time assessments with verbalisations [53,70]. Given the consis-
tency in methods used across and between the fifty three articles it is essential to discuss
(i) the study design taken; (ii) the measure/assessment of the decision-making process;
(iii) when/how the decision-making process was analysed; and (iv) the consistency and
validity of the method adopted. From the thematic analysis it is clear that the research
perspective adopted by authors has driven the method taken to assess the decision-making
process. Put simply, in the assessment of decision-making in team sports, paradigm seems
to drive method.

Logically, the findings from each of these methods or combination of methods have
resulted in contrasting findings regarding the decision-making process. Real time experi-
ments of basketball players [52] and rugby union players [74] taken from the ecological
view suggest that players actions and therefore their decision-making is dependent on the
constraints of the task and their attunement to it. Despite these conclusions, no examination
of perceptual attunement takes place. Instead, real time experiments assessing netball [43]
and rugby union [59] from the information processing perspective indicate that previous
declarative knowledge, procedural knowledge, technical ability, and perception of options
all influence the resulting course of action [43,59]. It would seem that research has been
somewhat constrained by a mixture of perspective driven methodology and a need to make
a complex problem simple enough to research (see Table 1). The use of real time experi-
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ments without eye tracking, verbalisations, or interviews therefore results in findings that
often overlook key elements of the decision-making process. Similarly, articles that have
used a posteriori or verbalisation methods alone have also disregarded central components
of the decision-making process explored elsewhere. For instance, Correia et al.’s [46,47,51]
use of performance analysis measures of match footage assessed team decision-making
to find that synergies and coadaptation account for collective decision-making in team
sports. This approach relies on the validity of each researcher’s assessment of the game
situation and a reliance on subjective inclusion of which game variables should form post
hoc analysis. Furthermore, this body of work overlooks the importance of tactics and
strategy, which are frequently highlighted as a key variable in successful decision-making
in numerous articles included in this review [61,67,68,81-83]. Unsurprisingly, the same
questions present themselves for articles that employ verbalisation/interview methods
alone to assess the decision-making process, as task and environmental contexts are often
ignored or over-exaggerated [16,65,84].

In contrast, more balance is found in the findings from studies that have employed
a combination of methods, such as self-confrontation interviews [67,68,72], combination
of video decision-making tasks with eye tracking measures [53,66,70,82,83], or combining
video tasks alongside verbalisations [61,64,72]. The methods used within these articles
allow for players perception, selection and a combination of both in conjunction with one
another to be considered. Subsequently, the findings from these studies offer inferences that
draw connections between deep declarative knowledge of their sport [61,64,66-68,71,72,82],
their use of knowledge in their sport [53,70,82,83], the capacity to recognize [61,64,67,68]
and make sense [61,64,66,67] of perceptual information offered within competitive situ-
ations and how these variable impact on the first options taken [61,64,68], and possible
options that are available [64,68].

As a result of these findings there are key limitations in the methods adopted in
the articles reviewed in this paper. Researchers drawing on ecological dynamics have
focused on small decontextualized sub-phases of team sports, such as 2 vs. 1 situations
in rugby union [74] or 1 vs. 1 situations in basketball [52], which, somewhat ironically,
can lack representativeness because they do not fully capture variants in the complexity
(typicality) of the criterion environment. For instance, Correia and colleagues [46-50] study
of decision-making in rugby union considered a player’s decision to pass or run with
the ball, but the authors offered generalised practical implications to coach all decision-
making instances within rugby union. Given the findings regarding the impact of the game
situation on the decision-making process presented in this review, the generalizability of
practical implications offered by these authors should be questioned. Second, all five of
Correia and colleagues papers [46-50] make the assumption that mental representations
do not exist in the decision-making process leading them to ignore the question regarding
the presence/absence of cognitive mechanisms in their method. We would argue that
this approach demonstrates high levels of confirmation bias in reference to the research
questions they pose. Consequently, future research investigating player decision-making
in rugby union from the ecological dynamics perspective should employ methods that will
test their conception of the decision-making process, not simply confirm it. In a similar
fashion, research adopting information processing or naturalistic perspectives reduce the
ecological validity through decoupling perception and action when using verbal [70] or
non-representative action responses to video stimuli [71].

In light of the findings and limitations from each of the articles adopting real time,
a posteriori and verbalisation methodologies, it seems imperative that future research
ensures a full assessment of the decision-making process. That is, what a player perceives,
the choices they have and how and why they come to their final decision. The findings from
this systematic literature review suggest that future research attempting to understand and
assess the decision-making process should combine the use of real time, a posteriori and
verbalisation methods. Furthermore, the findings lead us to suggest that future research
should consider an approach to study design and measurement that is not informed by a
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single perspective, which is, paradigm should not drive method. Researchers should con-
sider manipulating or measuring the complexity (or typicality) of information through task
(space, time, number of players), contextual priors (dynamic and static), or environmental
(pressure, fatigue) constraints in order to explore how player decision-making may change.
The measurement of such tasks might aim to capture specifying variables (visual, auditory,
and kinaesthetic cues) [61,82,83], the presence/absence of cognitive mechanisms [64], and
the resultant actions through retrospective performance analysis task analysis [68] or self-
confrontation interviews [67]. A broader view on how the process of decision-making in
team sports can be investigated and how data may be explained, may advance both our
understanding of how players make decisions in team sports and the communication of
findings to applied practitioners [94].

4.2. Characteristics of Decision-Making Expertise

The second aim of this systematic review was to comprehensively capture the char-
acteristics of decision-making expertise within team sports. Higher-order characteristics
of perception, action capabilities, and knowledge emerged from the inductive analysis of
the findings (see Table 3) that each comprised of more specific characteristics of decision-
making expertise.

4.2.1. Perception

The identification of salient cues, predictive cues, and global cues within the per-
formance environment have been presented as independent characteristics of perceptual
expertise. Yet, closer inspection of the data suggest that, in a team sport context where
temporal demands require players to anticipate the actions of opponents (and teammates),
salient cues are most often predictive and are likely clustered into a global representation
of the information [61]. Higher-order representations of salient information may underpin
the concept of a simple match between perception and action [61,68] that allows experts
to operate effectively under time pressure, as well as allowing experts to see through
deceptive behaviour [59].

To provide insight into the information extracted by expert players, eye tracking
technology has been employed. The research reviewed here identifies there is a level of
ambiguity in the patterns of visual search data displayed by experts. Research suggests
this ambiguity can be attributed to the specific demands of the task that attention is
not necessarily aligned with gaze [66] or the decoupling of perception and action [95].
A cautious summary of the visual search data is that experts adapt their visual search
behaviour according to the constraints of the task in order to extract salient information.

Despite no attempt to measure perceptual expertise (see Table 3), researchers adopting
an ecological perspective in team sports have inferred that experts are better able to perceive
opportunity for action (affordances) offered by the environment [48,74]. Support for such
claims comes from research studying an individual sport. Berg and colleagues [96,97]
compared experts and non-experts visual search during long jump performances. They
presented evidence that the strategy of visual regulation of action in locomotion towards a
target in space is not a function of extensive task-specific expertise, but instead the jumper
can become better attuned to specifying information. Similarly, the superior decision-
making behaviour of higher skilled players is assumed to be a consequence of the player
being perceptually more attuned to the performance environment [52]. Further empirical
work is needed to verify such claims in team sport environments.

4.2.2. Action Capabilities

The concept of action capabilities is at the heart of ecological psychology and much of
the data supports the notion that a player’s physical (e.g., speed) [74] and technical [75]
attributes influence the action taken. Two studies failed to differentiate the decision-
making of higher-level players from their lower-level and, presumably, less physically and
technically capable counterparts. Bruce et al. [43] found that lesser skilled players made
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decisions that they were unlikely able to execute. Similarly, Esteves et al. [52] could not
differentiate novice and intermediate attackers by their decision to attack the defender’s
most advanced foot. However, their findings did show that novice attackers gave away
postural information about their upcoming action, while intermediate attackers were better
able to conceal this information. Esteves et al. [52] interpreted these findings as the novice
players being perceptually attuned to the posture of their opponent before their action
capabilities were calibrated sufficiently to successfully beat the defender. In other words,
novice players could see the opportunity for action (i.e., the affordance) but could not
accept the invitation. Advocates of ecological psychology contend that player’s need time
interacting with the performance environment in order to recalibrate (or scale) their action
(motor) system should their action capabilities have changed [98]. How much time is
needed to calibrate effectively and whether experience moderates the time needed for and
the precision of the calibration are pertinent questions for future research. Presumably,
expert players are better equipped to deal with fluctuations in physical conditions across
a match.

In summary, the notion that responses to an opponent’s action are subject to a player’s
action capabilities suggest that experts physical and technical prowess, if calibrated, offers
a wider array, and presumably more effective, opportunities for action (or tactical options).
This idea closely parallels Launder’s pithy phrase [99];

“what is tactically desirable must be technically possible.”. [99] p. 59

4.2.3. Declarative Knowledge

The use of task specific declarative knowledge and the use of collective knowledge
both emerged as characteristics of expertise (Table 3). There is a weight of evidence to sug-
gest that experts possess a richer pool of task specific declarative knowledge [38,53,66,70,71].
Mental representations afford rapid selection of suitable action plans that allow experts
to effectively operate in dynamic game environments [53]. Retrospective recall methods
have been frequently used to gauge the quantity of task specific declarative knowledge
accessible to players, but the methods are limited by assumptions that player’s accurately
recall the knowledge used to formulate a response, e.g., [66]. Other ways of capturing
knowledge have been employed and have tended to validate findings reported using
recall methods, such as self-confrontation elicitation interviews [61] or the alignment of
retrospective recall with visual search behaviour [70]. It is the job of research now to better
understand how expert team players make best use of their more advanced declarative
knowledge pool in competitive situations.

The data reviewed suggests that tactics are an extension of a player’s task specific
declarative knowledge. Tactics, commonly imparted by a coach, guide players to key pieces
of information [45,68], and allow them to respond to situations faster [66]. Decision-making
expertise is not simply characterised by the knowledge of tactics, but how that tactical
information can be operationalised in competitive game situations [66,81]. A caveat was
put forward by Memmert and Furley [55] who argued that coach-led tactical instruction can
blind a player’s perception of salient information. This assertion highlights the importance
of coaches using tactics to scaffold the game for the players [2], while still allowing them
to be attuned to salient information [55] and make use of individual players task-specific
declarative knowledge [70] and experience [52] to identify opportunities for action. Indeed
Pennington, Nicolich and Rahm [100] have long since suggested that allowing learners to
elaborate procedural learning drawing on their own declarative knowledge, significantly
supports transfer of that learning.

The use of tactical information has not only been explored at player level but also at
team level. Shared mental models are presented as internalised tactical knowledge that
extends to players having a shared view of salient information [81]. Teams who have a
shared understanding of how they intend to play tend to be better able to coordinate more
effectively and to make decisions in high pressure situations [67,68,84]. Shared mental
models provide a framework for players to act within [2], but team adherence to the
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model can diminish across the course of a game [42]. This is may be a result of a team’s
coordination through a shared mental model [81] being worked out by their opponent,
which may demand a more emergent coordination of behaviour between teammates to
achieve their intended goal [87]. Interestingly, Ramos et al.’s [78] study also employed
an action research approach to improving team synchronisation in volleyball but from
an ecological and constructivist perspective. Non-linear design principles are advocated
as the central mechanism for the findings however the data clearly indicates that shared
cue perception, shared tactical understanding, building a shared strategy and game plan,
aiming for shared anticipation and shared priorities were all coach led practices used
to improve the synchronicity of the teams counterattack behaviour. The similarities in
method, approach, and strategies used throughout this action research seem to mirror that
of Richards and colleagues [81] yet no reference is made to that work.

This explanation reflects conceptual research that has integrated the perspectives to
explain team coordination [101]. Steiner et al. [101] consider shared mental models as a
‘top-down’” approach-in which internalised goal-directed tactics and behaviours drive coor-
dinated group action-and the concept of shared affordances as a ‘bottom-up” approach-in
which group behaviour emerges from a shared inherent attunement to the opportunities for
group action. Interestingly, these authors have stressed the importance of situational com-
plexity on the nature of how decisions are executed, whether through shared mental models
or shared affordances. In other words, team decision-making behaviour is dependent on
the rules of the game and the demands of the situation, otherwise known as the internal
logic of the sport. Steiner and colleagues [101] conception clearly implies that shared
mental models [81] and shared affordances [74] sit at opposite ends of a team coordination
continuum. Furthermore, co-adaption and synergies were highlighted a key discrimina-
tors of more successful decision-making teams, these papers have all identified collective
patterns and functional movements of dyads (sub groups of players), but only through
the assumption that this behaviour is emergent and self-organised [46,47,78,85,86,88]. It
would be interesting to explore qualitative methods to explore the tactics and strategy that
underpins team coordination, as it may unearth a more explicit motive behind the syn-
chronicity and synergy demonstrated by players [101,102]. Thus, an appreciation of both
ideas may help researchers and applied practitioners better understand how successful
teams coordinate their actions and the key mechanisms behind it [94].

5. Conclusions

The interrogation of the empirical literature has identified a tension regarding the
absence and presence of mental representations within the decision-making process that
has been driven by differences in perspectives. However, an impartial appraisal of the
data suggests that each perspective contributes to our collective understanding of decision-
making in team sports. Decisions on how to act may be emergent [45,48,67], may be a
product of a simple match [61,68,80] or require high-level diagnostic [68,82,83] or evaluative
processing [4,67,68,81]. Therefore, the empirical evidence suggests that decisions can be
placed on a continuum from bottom-up emergent behaviour to top-down evaluation
according to the level of cognitive processing invested in the process. The early indication
is that the complexity [79], typicality [68], time [40] and the contextual priors [57,65] within
game information presented by dynamic team sport situations dictate the point a decision
lies on the continuum.

The polarity of views is somewhat underscored by the lexicon adopted by different
perspectives. Independent of perspective, perceptual expertise is defined by a player’s
capability to identify the most salient information within the context of the intended
goal [52,61] yet is described under three different terminologies, salient cues, perceptual
attunement, and affordances. Long term working memory and perception of action capa-
bilities describe factors that guide perception and are updated by current event profiles [70]
and calibration [52], respectively. Decision-making processes are further influenced by
tactics/coach-led instructional constraints [45,58] that reinforce goal-directed behaviour. At
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a team level, a group’s action is coordinated by reference to a shared mental model [80] and
collective attunement to the shared affordances [6,87] offered by the game situation. There-
fore, this systematic literature review formed the conceptual basis for Ashford, Abraham,
and Poolton’s [94] communal language for decision-making in team sports.

It is our belief that the literature associated with understanding decision-making in
team sports is selling itself short by failing to integrate ideas, accepting conceptual ideas
over empirical evidence and accepting evidence and practical implications from unrelated
sports and contexts that are fundamentally untested in the team sport domain. At present,
research is this area is driven by specific perspectives that lead to interpretation of findings
that fall victim to bias [103]. It may be better for empirical investigation of decision-making
in team sports to be shaped by the rules of the sport [94] and the data examined through a
variety of theoretical lenses to explore what happens, what works, and why.

Author Contributions: M.A., A A. and J.P. contributed equally in the production of this review
article. Additionally, All authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained within the article. The data presented in this study
are available in the articles reviewed indluded in the reference list.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Gréhaigne, ].-F; Godbout, P. Tactical Knowledge in Team Sports from a Constructivist and Cognitivist Perspective. Quest 1995, 47,
490-505. [CrossRef]

2. Gréhaigne, ].-F.; Godbout, P; Bouthier, D. The Foundations of Tactics and Strategy in Team Sports. J. Teach. Phys. Educ. 1999, 18,
159-174. [CrossRef]

3. O’Connor, D,; Larkin, P. Decision-making for rugby. In The Science of Sport: Rugby; Till, K., Jones, B., Eds.; The Crowood Press Ltd.:
Ramsbury, UK, 2015.

4. Mann, D.T.; Williams, A.M.; Ward, P.; Janelle, C.M. Perceptual-Cognitive Expertise in Sport: A Meta-Analysis. |. Sport Exerc.
Psychol. 2007, 29, 457-478. [CrossRef] [PubMed]

5. Gibbs, J.R.W. Embodiment and Cognitive Science; Cambridge University Press (CUP): Cambridge, UK, 2005. [CrossRef]

6. Passos, P; Aratjo, D.; Davids, K.; Shuttleworth, R. Manipulating Constraints to Train Decision Making in Rugby Union. Int. J.
Sports Sci. Coach. 2008, 3, 125-140. [CrossRef]

7. Ericsson, K.A.; Smith, J. Toward a General Theory of Expertise: Prospects and Limits; Cambridge University Press: Cambridge,
UK, 1991.

8.  Vaeyens, R;; Lenoir, M.; Williams, A.M.; Philippaerts, R.M. Mechanisms Underpinning Successful Decision Making in Skilled
Youth Soccer Players: An Analysis of Visual Search Behaviors. J. Mot. Behav. 2007, 39, 395-408. [CrossRef] [PubMed]

9.  Williams, A.M.; Davids, K. Visual Search Strategy, Selective Attention, and Expertise in Soccer. Res. Q. Exerc. Sport 1998, 69,
111-128. [CrossRef]

10. Williams, A.M.; Ford, PR.; Eccles, D.W.; Ward, P. Perceptual-cognitive expertise in sport and its acquisition: Implications for
applied cognitive psychology. Appl. Cogn. Psychol. 2010, 25, 432-442. [CrossRef]

11. Miiller, S.; Abernethy, B.; Farrow, D. How do World-Class Cricket Batsmen Anticipate a Bowler’s Intention? Q. J. Exp. Psychol.
2006, 59, 2162-2186. [CrossRef]

12.  Williams, A.M.; Ward, P. Anticipation and decision making: Exploring new horizons. In Handbook of Sport Psychology; Tenenbaum,
G., Eklund, R.C,, Eds.; John Wiley & Sons: New York, NY, USA; pp. 203-223.

13. Lorains, M.; Ball, K.; MacMahon, C. Expertise differences in a video decision-making task: Speed influences on performance.
Psychol. Sport Exerc. 2013, 14, 293-297. [CrossRef]

14. Tenenbaum, G.; Levy-Kolker, N.; Sade, S.; Liebermann, D.G.; Lidor, R. Anticipation and confidence of decisions related to skilled
performance. Int. |. Sport Psychol. 1996, 27, 293-307.

15.  Abernethy, B.; Gill, D.P; Parks, S.L.; Packer, S.T. Expertise and the Perception of Kinematic and Situational Probability Information.
Perception 2001, 30, 233-252. [CrossRef] [PubMed]

16. Farrow, D.; Reid, M. The contribution of situational probability information to anticipatory skill. J. Sci. Med. Sport 2012, 15,

368-373. [CrossRef]


http://doi.org/10.1080/00336297.1995.10484171
http://doi.org/10.1123/jtpe.18.2.159
http://doi.org/10.1123/jsep.29.4.457
http://www.ncbi.nlm.nih.gov/pubmed/17968048
http://doi.org/10.1017/CBO9780511805844
http://doi.org/10.1260/174795408784089432
http://doi.org/10.3200/JMBR.39.5.395-408
http://www.ncbi.nlm.nih.gov/pubmed/17827116
http://doi.org/10.1080/02701367.1998.10607677
http://doi.org/10.1002/acp.1710
http://doi.org/10.1080/02643290600576595
http://doi.org/10.1016/j.psychsport.2012.11.004
http://doi.org/10.1068/p2872
http://www.ncbi.nlm.nih.gov/pubmed/11296504
http://doi.org/10.1016/j.jsams.2011.12.007

Sports 2021, 9, 65 26 of 28

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Loffing, F.; Hagemann, N. Skill differences in visual anticipation of type of throw in team-handball penalties. Psychol. Sport Exerc.
2014, 15, 260-267. [CrossRef]

Greenwood, D.; Davids, K.; Renshaw, I. The role of a vertical reference point in changing gait regulation in cricket run-ups. Eur. J.
Sport Sci. 2016, 16, 794-800. [CrossRef] [PubMed]

Kelso, J.A.S. Dynamic Patterns: The Self-Organization of Brain and Behavior; MIT Press: Cambridge, MA, USA, 1995.

Warren, W.H. The dynamics of perception and action. Psychol. Rev. 2006, 113, 358-389. [CrossRef] [PubMed]

Fajen, B.R.; Riley, M.A.; Turvey, M.T. Information, affordances, and the control of action in sport. Int. J. Sport Psychol. 2018, 40,
79-107.

Klein, G.A.; Calderwood, R.; Clinton-Cirocco, A. Rapid Decision Making on the Fire Ground. Proc. Hum. Factors Soc. Annu. Meet.
1986, 30, 576-580. [CrossRef]

Klein, G.; Calderwood, R.; Clinton-Cirocco, A. Rapid Decision Making on the Fire Ground: The Original Study Plus a Postscript.
J. Cogn. Eng. Decis. Mak. 2010, 4, 186-209. [CrossRef]

Zsambok, C.E.; Klein, G. Naturalistic decision making. In Expertise: Research and Applications; Zsambok, C.E., Klein, G., Eds.;
Abingdon Routledge: London, UK, 1997.

MacNamara, A.; Collins, D. Twitterati and Paperati: Evidence versus popular opinion in science communication. Br. J. Sports
Med. 2015, 49, 1227-1228. [CrossRef] [PubMed]

CRD. Systematic Review’s: CRD’s Guidance for Undertaking Reviews in Health Care; University of York: York, UK, 2009.

Weed, M.; Coren, E.; Fiore, J.; Wellard, I.; Mansfield, L.; Chatziefstathiou, D.; Dowse, S. Developing a physical activity legacy
from the London 2012 Olympic and Paralympic Games: A policy-led systematic review. Perspect. Public Health 2012, 132, 75-80.
[CrossRef]

Furlan, A.D.; Malmivaara, A.; Chou, R.; Maher, C.G.; Deyo, R.A.; Schoene, M.L.; Bronfort, G.; Van Tulder, M.W. 2015 Updated
Method Guideline for Systematic Reviews in the Cochrane Back and Neck Group. Spine 2015, 40, 1660-1673. [CrossRef] [PubMed]
Swann, C.; Keegan, R.J.; Piggott, D.; Crust, L. A systematic review of the experience, occurrence, and controllability of flow states
in elite sport. Psychol. Sport Exerc. 2012, 13, 807-819. [CrossRef]

Kent, M. The Oxford Dictionary of Sports Science & Medicine; Oxford University Press (OUP): Oxford, UK, 2006.

Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77-101. [CrossRef]

Pearson, M. Synthesizing Qualitative and Quantitative Health Evidence: A Guide to Methods.-by Pope, C., Mays, N. and Popay.
J. Sociol. Health Illn. 2008, 30, 330-331. [CrossRef]

Pope, C.; Mays, N.; Popay, J. Synthesizing Qualitative and Quantitative Health Evidence: A Guide to Methods; Open University Press:
Buckingham, UK, 2007.

Lincoln, Y.S.; Guba, E.G. Paradigmatic controversies, contradictions, and emerging confluences. In The Handbook of Qualitative
Research; Denzin, N.K., Lincoln, Y.S., Eds.; Sage Publications: Thousand Oaks, CA, USA, 2000.

Tracy, S.J. Qualitative Quality: Eight “Big-Tent” Criteria for Excellent Qualitative Research. Qual. Ing. 2010, 16, 837-851. [CrossRef]
Tracy, S.J.; Hinrichs, M.M. Big Tent Criteria for Qualitative Quality. Int. Encycl. Commun. Res. Methods 2017. [CrossRef]

Afonso, J. Theoretical Issues and Methodological Implications in Researching Visual Search Behaviours: A Preliminary Study
Comparing the Cognitive and Ecologic Paradigms. Montenegrin |. Sports Sci. Med. 2013, 2, 5-8.

Afonso, J.; Garganta, J.; McRobert, A.; Williams, A.M.; Mesquita, I. The Perceptual Cognitive Processes Underpinning Skilled
Performance in Volleyball: Evidence from Eye-Movements and Verbal Reports of Thinking Involving an in Situ Representative
Task. J. Sports Sci. Med. 2012, 11, 339-345.

Afonso, ].; Garganta, J.; McRobert, A.; Williams, M.; Mesquita, I. Visual search behaviours and verbal reports during film-based
andin siturepresentative tasks in volleyball. Eur. J. Sport Sci. 2012, 14, 177-184. [CrossRef]

Basevitch, I.; Tenenbaum, G.; Filho, E.; Razon, S.; Boiangin, N.; Ward, P. Anticipation and Situation-Assessment Skills in Soccer
Under Varying Degrees of Informational Constraint. J. Sport Exerc. Psychol. 2020, 42, 59-69. [CrossRef]

Bishop, D.T. Effects of spoken cues on decision-making in netball: An eye movement study. Int. |. Sport Psychol. 2016, 47, 1-12.
[CrossRef]

Bourbousson, J.; Poizat, G.; Saury, J.; Seve, C. Description of dynamic shared knowledge: An exploratory study during a
competitive team sports interaction. Ergonomics 2011, 54, 120-138. [CrossRef]

Bruce, L.; Farrow, D.; Raynor, A.; Mann, D. But I can’t pass that far! The influence of motor skill on decision making. Psychol.
Sport Exerc. 2012, 13, 152-161. [CrossRef]

Causer, J.; Ford, P.R. “Decisions, decisions, decisions”: Transfer and specificity of decision-making skill between sports. Cogn.
Process. 2014, 15, 385-389. [CrossRef] [PubMed]

Cordovil, R,; Aratjo, D.; Davids, K.; Gouveia, L.; Barreiros, J.; Fernandes, O.; Serpa, S. The influence of instructions and
body-scaling as constraints on decision-making processes in team sports. Eur. |. Sport Sci. 2009, 9, 169-179. [CrossRef]

Correia, V.; Aratjo, D.; Craig, C.; Passos, PJ.M. Prospective information for pass decisional behavior in rugby union. Hum. Mov.
Sci. 2011, 30, 984-997. [CrossRef] [PubMed]

Correia, V.; Aratjo, D.; Davids, K.; Fernandes, O.D.].; Fonseca, S. Territorial gain dynamics regulates success in attacking
sub-phases of team sports. Psychol. Sport Exerc. 2011, 12, 662—669. [CrossRef]

Correia, V.; Aratjo, D.; Cummins, A.; Craig, C.M. Perceiving and acting upon spaces in a VR rugby task: Expertise effects in
affordance detection and task achievement. J. Sport Exerc. Psychol. 2012, 34, 305-321. [CrossRef]


http://doi.org/10.1016/j.psychsport.2014.01.006
http://doi.org/10.1080/17461391.2016.1151943
http://www.ncbi.nlm.nih.gov/pubmed/26902778
http://doi.org/10.1037/0033-295X.113.2.358
http://www.ncbi.nlm.nih.gov/pubmed/16637765
http://doi.org/10.1177/154193128603000616
http://doi.org/10.1518/155534310X12844000801203
http://doi.org/10.1136/bjsports-2015-094884
http://www.ncbi.nlm.nih.gov/pubmed/25907179
http://doi.org/10.1177/1757913911435758
http://doi.org/10.1097/BRS.0000000000001061
http://www.ncbi.nlm.nih.gov/pubmed/26208232
http://doi.org/10.1016/j.psychsport.2012.05.006
http://doi.org/10.1191/1478088706qp063oa
http://doi.org/10.1111/j.1467-9566.2007.1077_5.x
http://doi.org/10.1177/1077800410383121
http://doi.org/10.1002/9781118901731.iecrm0016
http://doi.org/10.1080/17461391.2012.730064
http://doi.org/10.1123/jsep.2019-0118
http://doi.org/10.7352/IJSP.2016.47.001
http://doi.org/10.1080/00140139.2010.544763
http://doi.org/10.1016/j.psychsport.2011.10.005
http://doi.org/10.1007/s10339-014-0598-0
http://www.ncbi.nlm.nih.gov/pubmed/24414520
http://doi.org/10.1080/17461390902763417
http://doi.org/10.1016/j.humov.2010.07.008
http://www.ncbi.nlm.nih.gov/pubmed/21334087
http://doi.org/10.1016/j.psychsport.2011.06.001
http://doi.org/10.1123/jsep.34.3.305

Sports 2021, 9, 65 27 of 28

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

74.

75.

76.

77.

Correia, V.; Aratjo, D.; Duarte, R.; Travassos, B.; Passos, P.J.M.; Davids, K. Changes in practice task constraints shape decision-
making behaviours of team games players. J. Sci. Med. Sport 2012, 15, 244-249. [CrossRef]

Correia, V.; Passos, P; Aratjo, D.; Davids, K.; Diniz, A.; Kelso, ].A.S. Coupling tendencies during exploratory behaviours of
competing players in rugby union dyads. Eur. J. Sport Sci. 2014, 16, 11-19. [CrossRef]

Corréa, U.C.; De Oliveira, T.A.C.; Clavijo, EA.R.; Da Silva, S.L.; Zalla, S. Time of ball possession and visual search in the
decision-making on shooting in the sport of futsal. Int. ]. Perform. Anal. Sport 2020, 20, 254-263. [CrossRef]

Esteves, P.T.; de Oliveira, R.F,; Aradjo, D. Posture-related affordances guide attacks in basketball. Psychol. Sport Exerc. 2011, 12,
639-644. [CrossRef]

Evans, J.D.; Whipp, P,; Lay, S.B. ‘'Knowledge Representation and Pattern Recognition Skills of Elite Adult and Youth Soccer
Players’. Int. ]. Perform. Anal. Sport 2012, 12, 208-221. [CrossRef]

Fujii, K.; Isaka, T.; Kouzaki, M.; Yamamoto, Y. Mutual and asynchronous anticipation and action in sports as globally competitive
and locally coordinative dynamics. Sci. Rep. 2015, 5, 16140. [CrossRef] [PubMed]

Memmert, D.; Furley, P. “I Spy with My Little Eye!”: Breadth of Attention, Inattentional Blindness, and Tactical Decision Making
in Team Sports. J. Sport Exerc. Psychol. 2007, 29, 365-381. [CrossRef] [PubMed]

Furley, P.A.; Memmert, D. Working memory capacity as controlled attention in tactical decision making. J. Sport Exerc. Psychol.
2012, 34, 322-344. [CrossRef]

Gredin, N.V,; Broadbent, D.P.; Williams, A.M.; Bishop, D.T. Judgement utility modulates the use of explicit contextual priors and
visual information during anticipation. Psychol. Sport Exerc. 2019, 45, 101578. [CrossRef]

Gorman, A.D.; Abernethy, B.; Farrow, D. Is the Relationship between Pattern Recall and Decision-Making Influenced by
Anticipatory Recall? Q. J. Exp. Psychol. 2013, 66, 2219-2236. [CrossRef]

Jackson, R.C.; Warren, S.; Abernethy, B. Anticipation skill and susceptibility to deceptive movement. Acta Psychol. 2006, 123,
355-371. [CrossRef]

Jackson, R.; Kinrade, N.; Hicks, T.; Wills, R. Individual propensity for reinvestment: Field-based evidence for predictive validity
of three scales. Int. |. Sport Psychol. 2013, 44, 331-350.

Johnston, D.; Morrison, B.W. The application of naturalistic decision-making techniques to explore cue use in Rugby League
playmakers. J. Cogn. Eng. Decis. Mak. 2016, 10, 391-410. [CrossRef]

Kinrade, N.P; Jackson, R.C.; Ashford, K.J.; Bishop, D.T. Development and validation of the Decision-Specific Reinvestment Scale.
J. Sports Sci. 2010, 28, 1127-1135. [CrossRef] [PubMed]

Kinrade, N.P.; Jackson, R.C.; Ashford, K.J. Reinvestment, task complexity and decision making under pressure in basketball.
Psychol. Sport Exerc. 2015, 20, 11-19. [CrossRef]

Klatt, S.; Noél, B.; Musculus, L.; Werner, K.; Laborde, S.; Lopes, M.C.; Greco, PJ.; Memmert, D.; Raab, M. Creative and Intuitive
Decision-Making Processes: A Comparison of Brazilian and German Soccer Coaches and Players. Res. Q. Exerc. Sport 2019, 90,
651-665. [CrossRef] [PubMed]

Levi, H.R,; Jackson, R.C. Contextual factors influencing decision making: Perceptions of professional soccer players. Psychol.
Sport Exerc. 2018, 37, 19-25. [CrossRef]

Lex, H.; Essig, K.; Knoblauch, A.; Schack, T. Cognitive Representations and Cognitive Processing of Team-Specific Tactics in
Soccer. PLoS ONE 2015, 10, e0118219. [CrossRef] [PubMed]

Macquet, A.-C.; Kragba, K. What makes basketball players continue with the planned play or change it? A case study of the
relationships between sense-making and decision-making. Cogn. Technol. Work 2015, 17, 345-353. [CrossRef]

Macquet, A.C. Recognition Within the Decision-Making Process: A Case Study of Expert Volleyball Players. J. Appl. Sport Psychol.
2009, 21, 64-79. [CrossRef]

Magnaguagno, L.; Hossner, E.-J. The impact of self-generated and explicitly acquired contextual knowledge on anticipatory
performance. J. Sports Sci. 2020, 38, 2108-2117. [CrossRef]

McPherson, S.L.; Vickers, ].N. Cognitive control in motor expertise. Int. |. Sport Exerc. Psychol. 2004, 2, 274-300. [CrossRef]
McRobert, A.P.; Ward, P.; Eccles, D.W.; Williams, A.M. The effect of manipulating context-specific information on perceptual-
cognitive processes during a simulated anticipation task. Br. J. Psychol. 2011, 102, 519-534. [CrossRef]

Mulligan, D.; McCracken, J.; Hodges, N.J. Situational familiarity and its relation to decision quality in ice-hockey. Int. J. Sport
Exerc. Psychol. 2012, 10, 198-210. [CrossRef]

Musculus, L. Do the best players “take-the-first”? Examining expertise differences in the option-generation and selection
processes of young soccer players. Sport Exerc. Perform. Psychol. 2018, 7, 271-283. [CrossRef]

Passos, PJ.M.; Cordovil, R.; Fernandes, O.D.].; Barreiros, J. Perceiving affordances in rugby union. J. Sports Sci. 2012, 30, 1175-1182.
[CrossRef] [PubMed]

Paterson, G.; van der Kamp, ].; Bressan, E.; Savelsbergh, G. The effects of perception-action coupling on perceptual decision-
making in a self-paced far aiming task. Int. J. Sport Psychol. 2013, 44, 179-196. [CrossRef]

Pepping, G.-J.; Heijmerikx, J.; De Poel, H.]. Affordances shape pass kick behavior in association football: Effects of distance and
social context. Rev. Psicol. Deporte 2001, 20, 709-727.

Poplu, G.; Ripoll, H.; Mavromatis, S.; Baratgin, ]. How Do Expert Soccer Players Encode Visual Information to Make Decisions in
Simulated Game Situations? Res. Q. Exerc. Sport 2008, 79, 392-398. [CrossRef]


http://doi.org/10.1016/j.jsams.2011.10.004
http://doi.org/10.1080/17461391.2014.915344
http://doi.org/10.1080/24748668.2020.1741916
http://doi.org/10.1016/j.psychsport.2011.06.007
http://doi.org/10.1080/24748668.2012.11868594
http://doi.org/10.1038/srep16140
http://www.ncbi.nlm.nih.gov/pubmed/26538452
http://doi.org/10.1123/jsep.29.3.365
http://www.ncbi.nlm.nih.gov/pubmed/17876972
http://doi.org/10.1123/jsep.34.3.322
http://doi.org/10.1016/j.psychsport.2019.101578
http://doi.org/10.1080/17470218.2013.777083
http://doi.org/10.1016/j.actpsy.2006.02.002
http://doi.org/10.1177/1555343416662181
http://doi.org/10.1080/02640414.2010.499439
http://www.ncbi.nlm.nih.gov/pubmed/20686992
http://doi.org/10.1016/j.psychsport.2015.03.007
http://doi.org/10.1080/02701367.2019.1642994
http://www.ncbi.nlm.nih.gov/pubmed/31478798
http://doi.org/10.1016/j.psychsport.2018.04.001
http://doi.org/10.1371/journal.pone.0118219
http://www.ncbi.nlm.nih.gov/pubmed/25714486
http://doi.org/10.1007/s10111-015-0332-4
http://doi.org/10.1080/10413200802575759
http://doi.org/10.1080/02640414.2020.1774142
http://doi.org/10.1080/1612197X.2004.9671746
http://doi.org/10.1111/j.2044-8295.2010.02013.x
http://doi.org/10.1080/1612197X.2012.672009
http://doi.org/10.1037/spy0000123
http://doi.org/10.1080/02640414.2012.695082
http://www.ncbi.nlm.nih.gov/pubmed/22681567
http://doi.org/10.7352/IJSP.2013.44.179
http://doi.org/10.1080/02701367.2008.10599503

Sports 2021, 9, 65 28 of 28

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.
92.

93.
94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Ramos, A.; Coutinho, P; Ribeiro, J.; Fernandes, O.; Davids, K.; Mesquita, I. How can team synchronisation tendencies be
developed combining Constraint-led and Step-game approaches? An action-research study implemented over a competitive
volleyball season. Eur. J. Sport Sci. 2021, 1-25. [CrossRef]

Raab, M. Decision making in sports: Influence of complexity on implicit and explicit learning. Int. J. Sport Exerc. Psychol. 2003, 1,
406-433. [CrossRef]

Raab, M.; Laborde, S. When to Blink and When to Think. Res. Q. Exerc. Sport 2011, 82, 89-98. [CrossRef]

Richards, P,; Collins, D.; Mascarenhas, D.R. Developing rapid high-pressure team decision-making skills. The integration of slow
deliberate reflective learning within the competitive performance environment: A case study of elite netball. Reflective Pract. 2012,
13, 407-424. [CrossRef]

Roca, A.; Ford, PR.; McRobert, A.P.; Williams, A.M. Identifying the processes underpinning anticipation and decision-making in
a dynamic time-constrained task. Cogn. Process. 2011, 12, 301-310. [CrossRef]

Roca, A.; Ford, PR.; McRobert, A.P.; Williams, A.M. Perceptual-Cognitive Skills and Their Interaction as a Function of Task
Constraints in Soccer. J. Sport Exerc. Psychol. 2013, 35, 144-155. [CrossRef]

Schldppi-Lienhard, O.; Hossner, E.-J. Decision making in beach volleyball defense: Crucial factors derived from interviews with
top-level experts. Psychol. Sport Exerc. 2015, 16, 60-73. [CrossRef]

Silva, P,; Travassos, B.; Vilar, L.; Aguiar, P.; Davids, K.; Araujo, D.; Garganta, J. Numerical Relations and Skill Level Constrain
Co-Adaptive Behaviors of Agents in Sports Teams. PLoS ONE 2014, 9, e107112. [CrossRef]

Silva, P; Vilar, L.; Davids, K.; Aratjo, D.; Garganta, J. Sports teams as complex adaptive systems: Manipulating player numbers
shapes behaviours during football small-sided games. SpringerPlus 2016, 5, 1-10. [CrossRef]

Travassos, B.; Aratjo, D.; Davids, K.; Esteves, P.T.; Fernandes, O. Improving Passing Actions in Team Sports by Developing
Interpersonal Interactions between Players. Int. |. Sports Sci. Coach. 2012, 7, 677-688. [CrossRef]

Travassos, B.; Gongalves, B.; Marcelino, R.; Monteiro, R.; Sampaio, J. How perceiving additional targets modifies teams’ tactical
behavior during football small-sided games. Hum. Mov. Sci. 2014, 38, 241-250. [CrossRef]

Travassos, B.; Vilar, L.; Aratjo, D.; McGarry, T. Tactical performance changes with equal vs. unequal numbers of players in
small-sided football games. Int. ]. Perform. Anal. Sport 2014, 14, 594-605. [CrossRef]

Haken, H.; Kelso, J.A.S.; Bunz, H. A theoretical model of phase transitions in human hand movements. Biol. Cybern. 1985, 51,
347-356. [CrossRef]

Gibson, ].J. The Ecological Approach to Visual Perception; Houghton Miffin: Boston, UK, 1979.

Todd, PM.; Gigerenzer, G. Putting naturalistic decision making into the adaptive toolbox. J. Behav. Decis. Mak. 2001, 14, 381-383.
[CrossRef]

Simon, H.A. Rational choice and the structure of the environment. Psychol. Rev. 1956, 63, 129-138. [CrossRef]

Ashford, M.; Abraham, A_; Poolton, J. A Communal Language for Decision Making in Team Invasion Sports. Int. Sport Coach. .
2021, 8, 122-129. [CrossRef]

Aratjo, D.; Davids, K.; Passos, P. Ecological Validity, Representative Design, and Correspondence between Experimental Task
Constraints and Behavioral Setting: Comment on Rogers, Kadar, and Costall (2005). Ecol. Psychol. 2007, 19, 69-78. [CrossRef]
Berg, W.P.; Wade, M.G.; Greer, N.L. Visual regulation of gait in bipedal locomotion: Revisiting Lee, lishman, and Thomson. |. Exp.
Psychol. Hum. Percept. Perform. 1994, 20, 854. [CrossRef] [PubMed]

Berg, W.P,; Greer, N.L. A Kinematic Profile of the Approach Run of Novice Long Jumpers. |. Appl. Biomech. 1995, 11, 142-162.
[CrossRef]

Brand, M.T.; de Oliveira, R.F. Recalibration in functional perceptual-motor tasks: A systematic review. Hum. Mov. Sci. 2017, 56,
54-70. [CrossRef] [PubMed]

Launder, A.G; Piltz, W. Play Practice: Engaging and Developing Skilled Players from Beginner to Elite; Human Kinetics: Champaign,
1L, USA, 2013.

Pennington, N.; Nicolich, R.; Rahm, J. Transfer of Training Between Cognitive Subskills: Is Knowledge Use Specific? Cogn. Psychol.
1995, 28, 175-224. [CrossRef]

Steiner, S.; Macquet, A.-C.; Seiler, R. An Integrative Perspective on Interpersonal Coordination in Interactive Team Sports. Front.
Psychol. 2017, 8, 1440. [CrossRef] [PubMed]

Balagué, N.; Pol, R,; Torrents, C.; Ric, A.; Hristovski, R. On the Relatedness and Nestedness of Constraints. Sports Med. Open 2019,
5, 1-10. [CrossRef] [PubMed]

Kuhn, T.S. The Structure of Scientific Revolutions; University of Chicago Press: Chicago, IL, USA, 1962.


http://doi.org/10.1080/17461391.2020.1867649
http://doi.org/10.1080/1612197X.2003.9671728
http://doi.org/10.1080/02701367.2011.10599725
http://doi.org/10.1080/14623943.2012.670111
http://doi.org/10.1007/s10339-011-0392-1
http://doi.org/10.1123/jsep.35.2.144
http://doi.org/10.1016/j.psychsport.2014.07.005
http://doi.org/10.1371/journal.pone.0107112
http://doi.org/10.1186/s40064-016-1813-5
http://doi.org/10.1260/1747-9541.7.4.677
http://doi.org/10.1016/j.humov.2014.10.005
http://doi.org/10.1080/24748668.2014.11868745
http://doi.org/10.1007/BF00336922
http://doi.org/10.1002/bdm.396
http://doi.org/10.1037/h0042769
http://doi.org/10.1123/iscj.2019-0062
http://doi.org/10.1080/10407410709336951
http://doi.org/10.1037/0096-1523.20.4.854
http://www.ncbi.nlm.nih.gov/pubmed/8083639
http://doi.org/10.1123/jab.11.2.142
http://doi.org/10.1016/j.humov.2017.10.020
http://www.ncbi.nlm.nih.gov/pubmed/29102772
http://doi.org/10.1006/cogp.1995.1005
http://doi.org/10.3389/fpsyg.2017.01440
http://www.ncbi.nlm.nih.gov/pubmed/28894428
http://doi.org/10.1186/s40798-019-0178-z
http://www.ncbi.nlm.nih.gov/pubmed/30742241

	Introduction 
	Materials and Methods 
	Development of a Search Strategy 
	Inclusion/Exclusion Criteria 
	Search Returns 
	Data Synthesis 
	Establishing Trustworthiness and Audit Trail 

	Results 
	General Results 
	The Decision-Making Process 
	Information Processing 
	Ecological Dynamics 
	Recognition Primed Decision-Making 

	Characteristics of Decision-Making Expertise 
	Perception 
	Action Capabilities 
	Knowledge 


	Discussion 
	The Decision-Making Process 
	Characteristics of Decision-Making Expertise 
	Perception 
	Action Capabilities 
	Declarative Knowledge 


	Conclusions 
	References

