Title page with All Author Information

GENERAL AND TASK-SPECIFIC COGNITIVE FUNCTIONS IN SPORT
Psychological Bulletin, 2/2022, accepted

The role of domain-specific and domain-general cognitive functions and skills in sports

performance: A meta-analysis

Anton Kalén'?, Elisa Bisagno®, Lisa Musculus*, Markus Raab*>, Alexandra Pérez-Ferreiros®,
9

A. Mark Williams’, Duarte Aratjo®, Magnus Lindwall®!°, Andreas Ivarsson'!-!2

Faculty of Education and Sport Sciences, University of Vigo, Pontevedra, Spain
2School of Informatics, University of Skovde, Skdvde, Sweden
3Department of Law, University of Modena and Reggio Emilia, Modena, Italy
“Department of Performance Psychology, Institute of Psychology, German Sport University
Cologne, Cologne, Germany
3School of Applied Sciences, London South Bank University, UK
SUnit of Investigation in Human Nutrition, Growth and Development of Galicia, University
of Santiago de Compostela, Santiago de Compostela, Spain
"Department of Health and Kinesiology, College of Health, The University of Utah, USA
8CIPER, Faculdade de Motricidade Humana, Spertlab, Universidade de Lisboa, Lisbon,
Portugal
’Department of Psychology, University of Gothenburg, Gothemburg, Sweden
10The Swedish School of Sport and Health Sciences (GIH), Stockholm, Sweden
"Center of Research on Welfare, Health and Sport, Halmstad University, Halmstad, Sweden

12 Department of Sport Science and Physical Education, University of Agder, Norway

Author Note

Anton Kalén "&' https://orcid.org/0000-0002-8519-6596



Markus Raab
Psychological Bulletin, 2/2022, accepted  


GENERAL AND TASK-SPECIFIC COGNITIVE FUNCTIONS IN SPORT

Elisa Bisagno "' https://orcid.org/0000-0002-2109-7652

Lisa Musculus "2 https://orcid.org/0000-0003-1350-7903

Markus Raab "2 https://orcid.org/0000-0001-6546-1666

Alexandra Pérez-Ferreiros "2 https://orcid.org/0000-0002-7482-4374

Duarte Aratjo "= https://orcid.org/0000-0001-7932-3192

Magnus Lindwall “" https://orcid.org/0000-0002-2066-6235

Andreas Ivarsson "2 https://orcid.org/0000-0002-8987-5975

The authors declare no conflict of interest.
The meta-analytic data and analysis code are shared at

http://doi.org/10.17605/OSF.I0/6QEKD.

Correspondence concerning this article should be addressed to Anton Kalén, Faculty
of Education and Sport Sciences, University of Vigo, A Xunqueira s/n, 36005, Pontevedra,

Spain. Email: anton.kalen@uvigo.es



Masked Manuscript without Author Information

GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

Abstract
Cognition plays a key role in sports performance. In this meta-analytic review, we synthesize
research that has examined the relationship between cognitive functions, skills, and sports
performance. We identified literature by searching Cochrane library, PsychInfo, Pubmed, and
Web of Science. We included studies conducted on competitive athletes, assessed cognitive
prerequisites, and included performance measures related to the sport. Of the 9433 screened
records, 136 reports were included, containing 142 studies, 1227 effect sizes, and 8860
participants. Only 11 studies used a prospective study design. The risk of bias was assessed
using The Risk of Bias Assessment Tool for Nonrandomized Studies. The multilevel meta-
analysis showed a medium effect size for the overall difference in cognitive functions and
skills, with higher-skilled athletes scoring better than lower-skilled athletes (Hedges’ g =
0.59, 95% CI1[0.49, 0.69]). The moderator analysis showed larger effect size for tests of
cognitive decision-making skills (g = 0.77, 95% CI [0.6, 0.94]) compared to basic (g = 0.39,
95% CI1[0.21, 0.56]) and higher cognitive functions (g = 0.44, 95% CI[0.26, 0.62]), as well
as larger effect size for sport-specific task-stimuli compared to general ones. We report that
higher-skilled athletes perform better on tests of cognitive function compared to lower-skilled
athletes. There was insufficient evidence to determine whether cognitive functions and skills
can predict future sport performance. We found no evidence to support claims that tests of
general cognitive functions, such as executive functioning, should be used by practitioners
for talent identification or player selection.
Keywords: cognitive functions; decision-making; expertise; sports level; sports
performance.
Public Significance Statements
This meta-analysis indicates that testing cognitive functions or skills using sport-specific

stimuli has the potential to differentiate between elite and non-elite athletes. There is,
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however, no evidence for the usefulness of using general, non-sport-specific cognitive

function tests to predict future sport performance.
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The role of domain-specific and domain-general cognitive functions and skills in sports
performance: A meta-analysis
In sports, a combination of physiological capacities (e.g., anaerobic capacity),

psychological characteristics (e.g., self-efficacy), and specific skills (e.g., technical and
tactical) are essential to superior performance (Sarmento et al., 2018). Scientists studying the
role of cognition in sports have mainly focused either on sport-specific cognitive skills (e.g,
Starkes & Ericsson, 2003) or general cognitive functions (e.g., Voss et al., 2010). Both
cognitive functions and skills are suggested to be factors associated with superior sport
performance (e.g., Scharfen & Memmert, 2019). In this paper, we summarize current
knowledge by undertaking a meta-analytical review of the role of cognition in sport
performance. Moreover, we present a framework to provide a theoretically and
methodologically sound structure to better understand the contribution of cognition to sport
performance.

The relationship between cognition and performance in sport: current state-of-the-art

Following the expert-performance approach (Starkes & Ericsson, 2003), researchers

who have examined the relevance of cognitive skills in sport have mainly investigated
differences in anticipation and decision making between higher and lower-skilled athletes
(e.g., Miiller et al., 2006; Williams et al., 2002). These studies tend to represent key elements
of the sport in the experimental design (i.e., presentation of stimuli, and the type of response)
to increase the representativeness of the methods employed (Aragjo et al., 2007). Typical
paradigms that fall within this description are the temporal occlusion paradigm (i.e., videos
that are cut at a precise moment during an opponent’s action) and the spatial occlusion
paradigms (i.e., videos where specific parts of the action are hidden) to which participants are
asked to decide how to “react”. Responses can be provided either as option generation and

selection (e.g., Musculus, 2018) or as an actual movement simulation (e.g., Farrow &
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Abernethy, 2002). Generally, higher-skilled athletes outperform lower-skilled ones on these
sport-specific measures of cognitive skills (Mann et al., 2007; Travassos et al., 2013).
Another approach has been to investigate the relevance of domain-general cognitive
functions in sport, using mostly non-sport-specific tasks. In these studies, standardized or
generic tasks do not contain stimuli or responses that are specific to the sport. Prominent
examples of non-sport-specific, general cognitive function tasks often used in cognitive
research within sports are the Delis—Kaplan Executive Function System (D-KEFS: Vestberg
et al., 2017), response-inhibition tasks such as the Go/No-go (Kida et al., 2005), and the Stop-
Signal task (Verburgh et al., 2014), as well as Trail Making Test and Stop-Signal Test
(Huijgen et al., 2015; Verburgh et al., 2014). An earlier meta-analysis reported that athletes
score better than non-athletes on these general, non-sport-specific cognitive function tasks
(Voss et al., 2010). Since then, several studies have been published comparing higher-skilled
athletes to lower-skilled ones, rather than to non-athletes, on general cognitive functions
(Verburgh et al., 2014; Vestberg et al., 2017). Whereas higher-skilled athletes outperformed
their less-skilled counterparts in inhibitory control (Huijgen et al., 2015; Verburgh et al.,
2014) and cognitive flexibility (Hujgen et al., 2015), no differences were found for working
memory (Huijgen et al., 2015; Verburgh et al., 2014), meta-cognition (Huijgen et al., 2015),
or orienting and executive attention (Verburgh et al., 2014). Other researchers have, however,
suggested that there are consistent differences in working memory and design-fluency tests
between higher and lower-skilled athletes, leading to the conclusion that general cognitive
tests can be used to predict sport performance (Vestberg et al., 2012, 2017). A recent meta-
analysis supported this conclusion by showing that higher-skilled athletes scored better on
general cognitive functions (e.g., the D-KEFS, the Trail Making Test, or different measures of
inhibition) when compared to control groups of both lesser skilled and non-athletes

(Scharfen, & Memmert, 2019). However, the effects of general cognitive functions seem to
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be further qualified by moderators such as the type of cognitive function tested, the type of
sport, the sporting level of the athletes, how the skill levels were defined, as well as the sex
and the age of the athletes (Scharfen, & Memmert, 2019; Voss et al., 2010).

An operational framework for research on cognition and performance in sport

Conceptually, the definitions and relations of the cognitive constructs and
performance used in previous work in sports vary (e.g., Aratjo et al., 2019). Therefore, with
this meta-analysis, we aim to theoretically structure the work focusing on the relationship
between cognitive functions/skills and sport performance. To do so, we offer an operational
framework by defining and relating the cognitive constructs following a task-analysis.
Consequently, we introduce theoretically relevant design-moderators.

First, the cognitive constructs studied in relation to sport performance need to be
theoretically embedded. We differentiate between cognitive functions and cognitive skills
because the relation to sport performance is established through different underlying
mechanisms. In contrast to published reports that have treated cognitive functions and skills
as integrated concepts (e.g., Takacs & Kassai, 2019), we view these as being separate and
distinct. Skill is defined as “the ability to use one’s knowledge effectively and readily in
executing performance” (Tomporowski, 2003, pp. 1-2). Therefore, a skill is established
through extended practice in a specific domain (e.g., Newell & Rosenbloom, 1981).
Cognitive functions are general mechanisms at our disposal that are relevant for any goal-
directed action in everyday life (Diamond, 2013; Miyake et al., 2000). They, however, require
cognitive resources and effortful control (Diamond, 2013; Miyake et al., 2000). These
functions need to further be differentiated into basic (or lower) and higher cognitive
functions. Specifically, basic cognitive functions have their main neurological substrate in the
primary sensory cortices, develop earlier in life, and are mainly required for direct interaction

with tasks (Best & Miller, 2010; Paz-Alonso et al., 2013). Higher cognitive functions are
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“multidimensional executive and control processes characterized by being voluntary and
highly effortful” which enable goal-directed planning before task interaction (Paz-Alonso et
al., 2013, p. 1). From a neurological perspective, higher cognitive functions develop later,
reflecting manifold changes in the brain, such as prefrontal cortex (PFC) maturation,
specialization of certain areas (e.g., the middle and superior frontal gyrus regions), and the
strengthening of white-matter pathways (Paz-Alonso et al., 2013). According to this
definition, examples of basic functions would be processing speed (Butzbach et al., 2019),
whereas a prototypical example of higher cognitive functions would be executive functions
(e.g., Miyake et al., 2000).

Executive functions (EFs) are defined as “a set of general-purpose control processes
that regulate one’s thoughts and behaviors” (Miyake & Friedman, 2012, p. 8) which are
involved in the voluntary control of actions, thoughts, and emotions (Zelazo & Miiller, 2010).
Although widely studied over the last 20 years, there is no agreement on the number and
definition of EFs (Martin & Failows, 2010). The most prominent and researched model of
EFs is the factor-analytic model of Miyake and coworkers (2000), who isolated three separate
but highly correlated EFs, namely working memory (WM) updating, inhibitory control, and
shifting (or cognitive flexibility). WM updating refers to the ability to update the information
within one’s WM and is different (even if correlated) from WM capacity, which refers to the
individual differences in the limits of one’s WM, often operationalized as the number of
“mental units” an individual can simultaneously activate and operate on (e.g., Wilhelm et al.,
2013). Inhibition refers to the ability to “override a strong internal predisposition or external
lure, and instead do what’s more appropriate or needed” (Diamond, 2013, p. 2). Multiple
forms of inhibition have been studied, such as: (a) resistance to interference, which allows
selecting useful information and ignoring irrelevant stimuli; (b) cognitive inhibition, that

takes place in working memory; and (c) behavioral inhibition, which stops automatic but
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inefficient responses (Friedman & Miyake, 2004). Lastly, shifting is defined as the ability to
switch between mental sets (Miyake et al., 2000), which can be further detailed as: (a) being
able to move flexibly and efficiently from one task to another; (b) being able to change
perspectives spatially or interpersonally; or (c) being able to adjust to changing demands of a
task (Diamond, 2013). WM updating, inhibition, and shifting are considered “core” EFs,
based on which higher-order cognitive processes are activated, such as reasoning, problem-
solving, and planning (Diamond, 2013). EFs are highly implicated in many aspects of life,
from mental health to performance at school, and job success (Diamond, 2013). From the
early 2000s, many other theoretical approaches have differently defined and categorized EFs
(for a detailed overview, see Miiller & Kerns, 2015). However, WM updating, inhibition, and
shifting have been the most extensively investigated EFs, and, in the last ten years, they have
been studied in relation to sports performance (e.g., Vestberg et al., 2017).

The second operational aspect that needs consideration is the nature of the task used
to assess cognitive functions. In cognitive research in sports, the tasks used are either
domain-specific, meaning sport-specific in this case (e.g., Mann et al., 2007), or domain-
general (e.g., Voss et al., 2010). For example, a decision-making assessment where soccer
players are presented with videos of attacking situations from matches (e.g., Bennett et al.,
2019) is specific to the sport domain, whereas the Design Fluency Task (e.g., Ishihara et al.,
2019) is not specifically related to a domain but rather is domain-general. Typically, domain-
general tasks are used to measure basic or higher cognitive functions, whereas sport-specific
tasks are used to assess cognitive skills. However, this is not always true. For example, van
de Water et al. (2017) designed a Badminton Reaction Inhibition Test which used sport-
specific stimuli to assess a general cognitive function, namely inhibition, whereas Gierczuk
and colleagues (2018) measured Greco-Roman wrestlers processing speed with a sport-

specific task. Therefore, we propose in our operational framework to clearly differentiate
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stimuli and responses used in the respective tasks assessing either cognitive functions or
skills as “general” (e.g., stimulus: arrows, response: button press) or sport-specific (e.g.,
stimulus: soccer video scene, response: pass). This task analysis will help us to close a gap in
the literature and to conceptually specify the domain-specific vs. domain-general cognitive
mechanisms underlying sport performance.

Beyond the construct definition and task-analysis, it is conceptually relevant to refer
to how cognition impacts sport performance. There is consensus that skill acquisition
(learning) is a long and often deliberative process (e.g., Ericsson, 2014). This learning does
produce observable differences in intentional, sport-specific behavior (e.g., placing a pass,
scoring a goal) which in turn allows us to classify experts in sports by rank, leagues, and
stages (e.g., Swann et al., 2015). Accordingly, researchers have well-established
classifications in which expertise groups are defined based on observable performance
criteria (e.g., Swann et al., 2015). Performance needs to be clearly separated into cognitive
performance, which can be observed in a cognitive skill or function task (e.g., reaction time
in a Stroop test), and sporting performance (e.g., a timely pass to a team player in soccer), as
captured by expertise levels or sport-specific behavior. Finally, for our main goal to
operationally differentiate domain-general and domain-specific cognitive prerequisites, the
task, and the respective performance measures require us to separate whether sport-specific
stimuli and/or responses are assessed or not. Therefore, we consider both the type of stimuli
presented and the type of response captured as conceptually relevant moderators.

In the differentiation of basic, higher cognitive functions and skills as well as in the
classification of performance, it is evident that the athlete’s age matters (Wattie et al., 2015).
Previous work on the role of cognition in sport considered the age of the athletes as a
moderator (Scharfen & Memmert, 2019). Although age-related development is seldom

systematically addressed in sport research, previous work reported that basic and higher
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cognitive functions (Bisagno & Morra, 2018) as well as cognitive skills (Musculus et al.,
2019) undergo different developmental trajectories which are likely to be due to
physiological and frontal-lobe changes (e.g., Blows, 2003; Huizinga et al., 2006). Therefore,
to better understand the cognitive processes involved in sport performance, age needs to be
considered as a moderator. In this meta-analysis, we differentiated age according to the age
structure of the sport system and classic developmental classification (i.e., childhood,
adolescence, adulthood; cf., Shaffer & Kipp, 2014).

Relatedly, to better understand the mechanisms underlying the cognition-performance
relation, the study design has important conceptual consequences. Whether the study design
applied is cross-sectional or prospective determines which relation between cognition and
performance can be inferred. In a cross-sectional design, in which cognitive tasks and sport
performance are assessed at the same point in time, an association at that specific point in
time can be captured, however, no time-ordered relation can be inferred. Whether
performance in cognitive tasks predicts future sport performance can only be tested in
prospective designs, in which sport performance is measured at a later date than the cognitive
performance. Therefore, in our meta-analysis, we operationally consider the type of study
design employed as a conceptually relevant moderator to better scrutinize the cognition-
performance relationship.

The relationship between different cognitive functions/skills and sports performance
is relevant from both theoretical and applied perspectives. The conclusions presented in
recent studies that general cognitive tests can predict sport performance has led prematurely
to recommendations that such measures may be used in applied settings (Sakamoto et al.,
2018; Vestberg et al., 2012). More specifically, it has driven the commercialization of
products measuring general cognitive function, such as executive functions to potentially

help clubs identify and select athletes into systematic elite training programs that involve the
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selection and identification of ‘talented’ youth athletes (Mann et al., 2017; Kittelberger,
2018). However, the validity of this methodology has been questioned (Beavan et al., 2020;
Renshaw et al., 2019).

To our knowledge, no published review or meta-analysis exists focusing on how a
broad range of both cognitive functions and cognitive skills are related to sport performance,
systematically considering the other conceptually relevant moderators introduced above (i.e.,
type of stimuli, type of response, age, and study design). Furthermore, existing meta-analyses
on general cognitive functions have included studies comparing athletes to non-athletes,
rather than different levels of skilled athletes. Therefore, the purpose of this meta-analytic
review is to synthesize research that has examined the relationship between cognitive
functions/skills and sports performance across a wide range of cognitive tasks but excluding
visual ability or brain activity. We investigate differences in cognitive test performance (e.g.,
scores and/or response time) between competitive athletes of different skill levels. Moreover,
we test whether this difference is influenced by the following moderators: the underlying
cognitive construct (basic cognitive function vs. higher cognitive function vs. cognitive
decision-making skill); the sport-specificity of stimuli used in the cognitive tasks; and sport-
specificity of responses used in the cognitive tasks. Furthermore, to test the effects of the age
of the athletes, which is often confounded when analyzing differences between higher-skilled
and lower-skilled athletes. Finally, we examine the impact of the study design employed (for
an overview of moderators, see Table 1).

Method
The review was conducted following the PRISMA guidelines for systematic reviews

(Page et al., 2021).
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Literature search strategy

Literature searches were conducted using four electronic databases: Cochrane library;
PsychInfo; Pubmed; and Web of Science Core Collection (Citation indexes: SCI-
EXPANDED, SSCI, ESCI, CPCI-S, CPCI-SSH, A&HCI, BKCI-SSH, BKCI-S). The original
searches were undertaken on 12 December 2019 and were updated on 19 January 2022. The
search term included three parts: one with keywords related to the cognitive function
including cognitive, executive function, attention, memory, inhibition, anticipation, decision
making, reaction time, and variations; one related to sport or athlete; and a third one related
to expertise, elite, talent. No limits on publication date, publication status, or language were
used. For the full search strategy, see Appendix A. In addition, experts in the field were
consulted and the reference lists of all the included articles and previous reviews were
screened for eligible articles (Mann et al., 2007; Russo & Ottoboni, 2019; Scharfen &
Memmert, 2019; Travassos et al., 2013; Voss et al., 2010).
Selection criteria

An article was considered for inclusion if it met the following criteria: (a) was
conducted on athletes involved in competitive sport; (b) assessed cognitive function of the
athletes; (c) included performance measures related to the sport of the athletes (e.g., groups of
athletes from higher and lower divisions, number of goals scored during the season, selected
or not into academy); (d) compared athletes competing within the same sport (e.g., soccer
players in first division vs soccer players in second division). We excluded studies if: (a) the
lower-skilled group in the study had less than 1 year of experience in the sport or did not
engage competitively; or (b) the main dependent variables were not cognitive variables but
visual ability (e.g., gaze-behavior), brain activity (e.g., fMRI), pure reaction time with

minimal motor action (e.g., button pressing) or procedural knowledge. These criteria ensured
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that the sport performance of experienced athletes was compared and that cognitive processes
were captured on a behavioral level.

After removing duplicate records, two authors (AK & AP-F) independently screened
titles and abstracts, with an agreement of 99%. For the 83 records where the authors
disagreed, a third author (AI) was consulted, and a consensus was reached by discussion.
After screening, the full-text reports were assessed for eligibility independently by the same
two authors (AK & AP-F), with an agreement of 90%. For the 27 reports where the authors
disagreed, a third author (AI) was consulted, and a consensus was reached by discussion.
Records in Spanish, Portuguese, German, and French were translated by native or fluently
speaking co-authors. Records in Chinese and Japanese were translated using Google
Translate.

Data extraction and classification

For all measures in the included studies, we classified: the underlying cognitive
construct; the sport-specificity of stimuli used in the cognitive tasks; sport-specificity of
responses used in the cognitive tasks; the age of the athletes; and study design employed. The
definition of the levels for each moderator can be seen in Table 1.

In detail, the cognitive construct underlying the relation between cognitive
performance and the cognitive construct assessed was classified as either basic cognitive
functions, higher cognitive functions, or cognitive decision-making skills, based on
definitions by Best and Miller (2010). Cognitive tasks relying mainly on cognitive capacity
or processing efficiency (e.g., attention, short-term memory, processing speed) were
classified as basic cognitive functions. Tasks that involve several cognitive capacities, or
require coordinating multiple basic cognitive functions (e.g., working memory capacity,
inhibition, and shifting) were classified as higher cognitive functions. Tasks that required a

perceptual judgment and an action choice (e.g., multiple-choice based on stimuli and
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anticipation) were classified as cognitive decision-making skills. The stimuli used in the
cognitive tasks were classified as being sport-specific if they displayed a sport movement,
sport movement sequence, or sport situation (e.g., pictures or videos but not the schematic
presentations of a sport situation) or otherwise as general. The response used in the cognitive
tasks were classified as being sport-specific if they required the participants to perform a
movement as if they were in an in-situ sport context, or general otherwise. The average age of
the athletes was used to categorize the studies into late childhood (8-12 years old),
adolescence (13-17 years old), or adulthood (over 18 years old). The age division was
operated with respect to physiological changes that occur during development, namely the
second phase of plasticity and the growth of frontal lobe areas during adolescence occurring
between 13 and 18 years (e.g., Blows, 2003; Huizinga et al., 2006). This distinction is
superimposable with Shaffer and Kipp’s (2014) stages of development. Finally, the design
used was classified as prospective if the cognitive data were clearly collected before the
collection of sport performance data, or cross-sectional if cognitive and sport performance
data were collected at or around the same point in time.

The studies were classified independently by two authors (LM & EB), who reached a
total agreement in 82% of the studies and 93% of the classified dimensions, three for each
study. For the dimensions the raters did not agree on, they subsequently jointly discussed the
disparity and consensus was reached on 13 dimensions. For the 20 dimensions where they
could not reach an agreement, it was discussed with a third author (MR) until consensus was
reached on all dimensions of all studies.

All results meeting the inclusion criteria in each study were extracted, including group
mean and standard deviation, proportions, correlation coefficients, #-statistics, and F-
statistics. A sensitivity analysis revealed no influence of the type of measure on the effect size

(F@a,1.9 = 1.3, p = 0.481; see method below). Nine emails were sent to the corresponding
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authors of articles where necessary information to calculate standardized effect sizes was
missing. Three authors responded.
Risk of bias

The Risk of Bias Assessment Tool for Nonrandomized Studies (Kim et al., 2013) was
used to assess the risk of bias in six domains: 1) Selection of participants; 2) Confounding
variables; 3) Measurement of exposure; 4) Blinding of outcome assessments; 5) Incomplete
outcome data; and 6) Selective outcome reporting. One author (AK) assessed the risk of bias
for each included study accordingly and discussed any doubts with a second author (AP-F)
until consensus was reached.

Analysis

We converted the statistics to Hedges’ g using the R package esc, based on Lipsey and
Wilson (2001). The summary of study characteristics and moderator values were presented
separately for each cognitive construct. As the studies varied significantly in design and
multiple effect-sizes were extracted, we used three-level meta-analytical models with cluster-
robust variance estimation (Fernandez-Castilla et al., 2021; Pustejovsky & Tipton, 2021),
with effect-sizes clustered within each study. All models were fitted using the R package
metafor and the robust variance was estimated using the clubSandwich package (Pustejovski,
2021; Viechtbauer, 2010). In the three-level models, random effects for study (level 2) and
effect size (level 1) represent the estimates of between-study (t*between-study) and within-study
(T*witnin-study) heterogeneity variance, respectively.

After performing the overall meta-analysis, we performed the pre-specified moderator
analyses using models containing one moderator at a time to test for differences in effect size
between the different cognitive constructs. In the next step, we fitted separate moderator
models for the type of stimuli, type of response, age group, and study design, including

cognitive construct in all, because the data revealed interactions between the cognitive



15
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

constructs and the other moderators. The missing combination of levels between the different
moderators did not allow us to perform a full moderator analysis including all in the same
model. We performed a post-hoc subgroup analysis for each combination of cognitive
construct and task specificity reflecting a combination of the stimuli presented and the
responses captured. The task specificity was classified as “general” if both stimuli and
response were general, “mixed” if either the stimuli or response was specific, and “specific”
if both stimuli and response were specific.

For all fitted moderator models, the T?petween-study Were used to see if including
moderators reduced the between-study heterogeneity. In addition, the post-hoc subgroup
model with both cognitive constructs and task specificity was compared to the moderator
model including either cognitive construct and stimuli or cognitive construct and response
using the corrected Akaike information criterion (Viechtbauer, 2010).

At last, we tested the results for statistical robustness by conducting sensitivity
analyses, considering potential publication bias, and providing common language effect sizes.
We performed sensitivity analyses for the type of measure of effect size, publication year, and
risk of bias domains, by testing their moderator effect in the three-level model.

To test for potential publication bias, we used an Egger’s regression type test, using a
three-level model with cluster-robust variance estimation (Fernandez-Castilla et al., 2019;
Rodgers & Pustejovsky, 2021). The modified measure of precision proposed by Pustejovsky
and Rodgers (2019) was used to reduce type I error due to artificial correlations between the
effect size estimates and their standard error. The test was run both with all effect sizes as
well as separate for each cognitive construct.

We present the estimated effect sizes expressed as common language effect sizes,
which represents the probability that a randomly selected participant from the higher-skilled

group would score better on the cognitive task than a randomly selected participant from the
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lower-skilled group (McGraw & Wong, 1992; Ruscio, 2008). The common language effect
size has been shown to provide a more practically relevant measure of the effect compared to
the standardized mean difference (Brooks et al., 2014).

We used a significance level of a = 0.05 and presented corresponding 95% confidence
intervals (CI). F-tests use Hotelling’s 77 and t-tests use Satterthwaite degrees of freedom
approximation. All analyses were made in R version 4.1.2.

Transparency and Openness

We followed PRISMA reporting guidelines for this review. The meta-analytic data

and analysis code are shared at the OSF repository available at

http://doi.org/10.17605/0OSF.I0/6QEKD.

Results

Literature search

A complete flowchart of the selection process, including reasons for exclusion, can be
seen in Figure 1. We identified 12641 records through database searches in Cochrane library,
PsychINFO, Pubmed, and Web of Science. After duplicate removal, the title and abstract of
9416 records were screened, from which the 292 full-text reports were reviewed. An
additional 17 full-text reports from other sources were reviewed and nine of these were
included in the review. A total of 136 reports, containing 142 studies, and 1227 effect sizes
were included.
Study characteristics

A summary of study characteristics can be seen in Table 2. Characteristics of all
individual studies can be seen in Appendix B. The included studies were published between
1995 and 2021. There was no significant effect of publication year on the effect size
estimates (f29.9) = 0.1, p = 0.911). The studies included participants from a total of 39 sports.

The most common sports were soccer (studies k = 43 [27%], participant n = 3135), tennis (k
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=13 [8%], n = 428), rugby (k=12 [8%], n = 736), basketball (k= 11 [7%], n = 754),
handball (k= 11 [7%], n = 446), and baseball (k=10 [6%], n = 871). Most studies came from
Europe, North America, or Oceania (k= 131 [92%], n = 7845). The most common countries
were United Kingdom (k =28 [19%], n = 2136), Australia (k =24 [16%], n = 1575),
Germany (k=20 [13%], n = 1204), Netherlands (k= 10 [7%], n = 543), and USA (k= 10
[7%], n = 874).

Altogether, in 84 (59%) of the studies, no information was provided about funding
and 19 (13%) reported that they had received no funding. Of the 39 (27%) studies where it
was reported that funding was received, none reported any funding from companies
commercializing tests of cognitive functions. Six studies reported funding from sport
governing bodies (Duncan et al., 2018; Gorman et al., 2011; Lu et al., 2021; Miiller et al.,
2010; O’Connor et al., 2016; Rosalie & Miiller, 2013).

Nineteen studies reported having used a commercial test system to measure basic and
higher cognitive functions. No study specified the use of a commercial system for measuring
cognitive decision-making skills. The systems used can be seen in Table 3.

Cognitive tasks

Of all included articles, 57 (40%) contained measures of basic cognitive function
(participants n = 4276), 39 (27%) contained measures of higher cognitive function (n =
3393), and 80 (56%) contained measures of cognitive decision-making skill (participants n =
4145), see Table 2. A total of 30 studies (21%) contained data for multiple cognitive
constructs, 18 (13%) included basic and higher cognitive functions, five (4%) included basic
cognitive functions and cognitive decision-making skills, three (2%) higher cognitive
functions and cognitive decision-making skills, and five (4%) all three constructs.

The most common type of tasks used to measure basic cognitive functions were

different versions of visual reaction time, used in 12 (9%) studies (Bahia Loureiro & Barbosa
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de Freitas, 2012; Chung & Ng, 2012; Gierczuk et al., 2018; Hiittermann et al., 2019; Kajtna
et al., 2012; Laby et al., 2018; Millard et al., 2020; Véanttinen et al., 2010; Vaughan &
Laborde, 2021; Vestberg et al., 2020; Vestberg et al., 2017; Whitaker et al., 2020 [Study 2]).
The most common tasks used to measure higher cognitive functions were the design fluency
test (9 studies, 7%), trail making test (9 studies, 7%), and Stroop test (8 studies, 6%). There
was considerable overlap in the use of these tests in the articles, with two studies (2%)
including all three (Elferink-Gemser et al., 2018; Vestberg et al., 2012), seven studies (5%)
including two of them (Alarcon et al., 2017; Heilmann, 2021; Huijgen et al., 2015; Lundgren
et al., 2016; Sakamoto et al., 2018; Vestberg et al., 2017; Vestberg et al., 2020), and four
studies (3%) only one of the three tests (Han et al., 2011; Holfelder et al., 2020; Ishihara et
al., 2019; Kruger et al., 2019). The most common task types for cognitive decision-making
skills were video-based temporal occlusion tests, used in 56 articles (39%).

Study design

Of the included studies, 11 (8%) used a prospective design in at least part of the study
(participants n = 1154). Of these, three used participants who were in late childhood with a
total of 436 athletes (Ishihara et al. 2019; de Joode et al., 2021; Sakamoto et al., 2018), four
used athletes in adolescence with a total of 272 participants (de Joode et al., 2021; Joseph et
al., 2021; Murr et al., 2021; O’Connor et al., 2016), and eight in adulthood with a total of 565
participants (Gabbett et al., 2011; Hagyard et al., 2021; Lundgren et al., 2016; Morris-Binelli
et al., 2018; Vestberg et al., 2012).

Three of the prospective studies (participants n = 714) had a follow-up less than or
around one month later, testing how cognitive test scores measured before the start of the
season related to their probability of being selected into the team for that same season (Gabett
et al., 2011; Joseph et al., 2021; O’Connor et al., 2016; Sakamoto et al., 2018). Five studies

(participants n = 295) had a follow-up of 6 months to 2.5 years thereafter, testing how
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cognitive test scores related to in-game performance over the following one to two seasons
(Lundgren et al., 2016; Morris-Binelli et al., 2018; Vestberg et al., 2012), the coaches rating
at the end of the season (Hagyard et al., 2021), or to their competitive ranking 18 months
later (Sakamoto et al., 2018). Two studies (participants n = 99) had a follow up of over three
years, testing how cognitive test scores relate to their chance of being selected into a youth
national team over the next three years (Murr et al., 2021), and of becoming an elite athlete
seven years later (de Joode et al., 2021).

Two prospective studies (participants n = 528) contained measures of basic cognitive
functions, using reactive agility (Gabett et al., 2011) and Stroop tests (Sakamoto et al., 2018).
Five studies (participants n = 573) contained measures of higher cognitive functions, using
design fluency test (Ishihara et al., 2019; Lundgren et al., 2016; Vestberg et al., 2012;
Sakamoto et al., 2018), trail making test (Vestberg et al., 2012), a stop signal task (Hagyard et
al., 2021). Five studies (participants n = 390) contained measures of cognitive decision-
making skills using video-based temporal occlusion tests (de Joode et al., 2021; Joseph et al.,
2021; Morris-Binelli et al., 2018; Murr et al., 2021; O’Connor et al., 2016).

In total, we identified three studies that tested the ability to use cognitive tasks to
predict performance or success several years later (de Joode et al., 2021; Ishihara et al., 2019;
Murr et al., 2021).

Risk of bias

The number of studies with a low, unclear, and high risk of bias in each of the six
domains of bias can be seen in Table 4. Overall, 84 (66%) of the studies showed a high risk
of bias due to confounding variables and 35 (27%) due to the selection of participants. In the
other domains, 0—4% of the studies showed a high risk of bias. We can see similar patterns of
bias in studies measuring each of the cognitive constructs. The sensitivity analysis revealed

no effect of risk of bias on effect size estimate in any dimension (selection of participants: F(2,
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33.0 = 1.3, p = 0.279; confounding variables: F(1,117) = 1.7, p = 0.198; blinding of outcome
assessments: F(1,1.0) = 6.3, p = 0.236; incomplete outcome data: F(2, 10.4)= 0.8, p = 0.464;
selective outcome reporting: F(2,32) = 1.6, p = 0.296). No sensitivity analysis was run for the
measurement of exposure as all studies had the same classification.
Publication bias

There was a significant relationship between effect size estimate and precision (0.80,
SE =0.34, t329) = 2.4, p = 0.025), indicating a possible publication bias. The separate tests
for each cognitive construct did, however, not show evidence of publication bias in any of
them (basic cognitive functions: 0.06, SE = 0.66, f16.6) = 0.1, p = 0.933; higher cognitive
functions: 0.54, SE = 0.43, ta1.1) = 1.25 p = 236; cognitive decision-making skills: 0.92, SE =
0.69, ta1.6)= 1.6, p = 0.144). We present funnel plots for all included studies, as well as by
cognitive construct, in Figure 2.
Meta-Analysis

The overall effect size estimate (Hedges’ g) for all measures of cognition was 0.59,
95% CI1[0.49, 0.69], indicating that higher-skilled athletes outperformed lower-skilled
athletes on cognitive tasks. The between-study heterogeneity was T between-study = 0.30, 95% CI
[0.22, 0.42] and the within-study heterogeneity Twithin-sudy = 0.14, 95% CI [0.12, 0.16]. The
effect size estimates for each cognitive construct, as well as for each combination of
cognitive construct and each of the other moderators, are shown in Table 5.
Cognitive constructs

The estimated effect size is significantly positive for all three cognitive constructs
(basic cognitive functions g = 0.39, 95% CI [0.21, 0.56], te3.1) = 4.4, p <0.001; higher
cognitive functions g = 0.44, 95% CI [0.26, 0.62], t51.2) =4.9, p < 0.001; cognitive decision-

making skills g =0.77, 95% CI [0.6, 0.94], t70.8) = 9.2, p < 0.001). Higher-skilled athletes, on
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average, score higher than lower skilled athletes in tests of all three cognitive constructs
(Table 5).

The estimated effect size for cognitive decision-making skills was significantly larger
than for both basic cognitive functions (#39.7) = 3.1, p = 0.011) and higher cognitive functions
(tz9.7y=2.7, p = 0.015), whereas there was no significant difference between basic and higher
cognitive functions (7186 = 0.4, p = 0.397). The chance that a randomly selected athlete from
a higher-skilled group will outscore randomly selected athlete from a lower-skilled group is,
on tasks of basic cognitive functions 61% (95% CI [56%, 65%]) on tasks of higher cognitive
functions 62% (95% CI [57%, 67%]) and on tasks of cognitive decision-making skills 71%
(95% CI[67%, 75%]). Including cognitive construct in the meta-analysis slightly lowered the
between-study heterogeneity (T?petween-study = 0.28, 95% CI [0.20, 0.39]).

Stimuli

Overall, higher-skilled athletes outscored lower-skilled athletes more so on tasks with
specific compared to general stimuli (g specific stimuli — g general stimuli = 0.37, 95% CI
[0.09, 0.65], t31.6)=2.7 p = 0.011) when adjusting for the effect of cognitive construct (i.e.,
basic cognitive functions, higher cognitive functions, and cognitive decision-making skills).
We observed that the estimated effect sizes for specific stimuli was 1.8-3.2 times higher than
for general stimuli for each cognitive construct (Table 5). The respective difference between
specific and general stimuli was significant for cognitive decision-making skills (¢4.77) = 4.3,
p = 0.026), but not for basic (#22.8) = 1.5, p = 0.147) or higher cognitive functions (#9.6) = 1.8,
p = 0.147). Including stimuli, in addition to cognitive construct, in the meta-analysis did not
change the between-study heterogeneity (t*petween-study = 0.28, 95% CI[0.21, 0.39])

Response
There was no significant difference in estimated effect size between general and

specific response (g specific response — g general response = 0.25, 95% CI [-0.05, 0.56],
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ta7.7= 1.8 p = 0.097) when at the same time adjusting for the effect of cognitive construct
(i.e., basic cognitive functions, higher cognitive functions, and cognitive decision-making
skills). We observed that the estimated effect sizes for specific responses were 1.4 and 1.5
times higher than for general stimuli within basic cognitive functions and cognitive decision-
making skills, respectively (Table 5). However, the difference between specific and general
responses was not significant for basic cognitive functions (#4.3) = 0.6, p = 0.600), nor for
cognitive decision-making skills (#2s.7) = 1.7, p = 0.198). There were no studies that tested
higher cognitive functions in conjunction with specific responses. Including response, in
addition to cognitive construct, in the meta-analysis did not change the between-study
heterogeneity (T?between-study = 0.28, 95% CI [0.20, 0.39]).
Age group

There was no significant difference in estimated effect sizes between the different age
groups (F(2,93)= 2.5, p = 0.135) when adjusting for the effect of cognitive construct.
However, we found a general trend towards larger effect sizes in older age groups (Table 5).
Including age group, in addition to cognitive construct, in the meta-analysis slightly increased
the between-study heterogeneity (t?between-study = 0.29, 95% CI[0.20, 0.40])
Study design

There was no significant difference in estimated effect size between cross-sectional
and prospective response (g prospective — g cross-sectional = —0.15, 95% CI [-0.38, 0.07],
t5.75) = —1.6 p = 0.149) when adjusting for effect of cognitive construct. Including study
design, in addition to cognitive construct, in the meta-analysis slightly lowered the between-
study heterogeneity (t*between-study = 0.27, 95% CI [0.20, 0.38]).
Post-hoc subgroup analysis

We conducted a subgroup analysis for each combination of cognitive construct and

task specificity, considered as general if both stimulus and response were general, mixed if
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either the stimulus or response was specific, and specific if both stimulus and response were
specific. We found a general trend towards larger effect sizes the more complex the cognitive
constructs and the more specific the tasks. The estimated effect sizes, together with the
chance that a randomly higher-skilled athlete will outscore a randomly selected lower-skilled
athlete are reported in Figure 3.

The subgroup model showed similar between-study heterogeneity (t*between-study =
0.28, 95% CI [0.20, 0.39]) and within-study heterogeneity (t>within-stuay = 0.14, 95% CI[0.12,
0.16]) compared to the model including cognitive constructs. The subgroup model showed a
slightly better model fit (corrected AIC = 2265) compared to the moderator model including
cognitive construct (corrected AIC = 2282), cognitive construct and stimuli (corrected AIC =
2269), as well as cognitive construct and response (corrected AIC = 2276).

Discussion

We synthesized published research that has examined the relationship between
cognition and performance in athletes. We explored whether the type of cognitive constructs
and the sport-specificity of the tasks influence the relationship. Overall, we found that the
type of cognitive construct and the sport-specificity of the stimuli used in the task were the
most influential factors in differentiating higher- and lower-skilled athletes. Meanwhile, the
type of response used, the age group of the athletes, the type of study design, and how the
sporting performance was measured had small to non-existent effects.

The results of the meta-analysis showed that decision-making tests were better at
differentiating between higher- and lower-skilled athletes compared to tests of basic and higher
cognitive functions. This finding suggests that the more representative the cognitive test is of
the skills used by athletes in competition the more sensitive the measure is of expertise (i.e.,
cognitive skills such as decision making differentiate better than general cognitive function

between higher- and lower-skilled athletes). Whether the advantage of specific measures for
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discriminating expertise levels reflects a higher level of sensitivity, a better fit of the functions
and skills needed for the task, or a reflection of the combination of selection and training
processes is unclear. Large-scale projects using both cross-sectional and longitudinal designs
are needed. Our findings align with the conclusion from a previous review, which found a
considerably larger effect size for decision-making compared to executive function tests
(Scharfen & Memmert, 2019). In this sense, from an applied perspective, general cognitive
function is unlikely to offer any predictive utility for talent identification. This finding aligns
with Beavan et al. (2020), who found that the developmental trajectories of executive function
in youth athletes follows the general population despite their expertise.

We found that tests using sport-specific stimuli were considerably more successful in
differentiating higher- and lower-skilled athletes compared to tests with non-sport-specific
stimuli. As the aim of this meta-analysis was to compare different types of cognition, we
classified all stimuli presenting sport movements, sequences, or situations as sport-specific.
In contrast, meta-analyses focusing more narrowly on decision making or perceptual-
cognitive skills in sport have used a finer-grained classification, dividing static, video, and in-
situ representations (Mann et al., 2007; Travassos et al., 2013). These studies found, in line
with our findings, that the more representative the research stimuli are of the performance
environment, the better the tests discriminate between skill levels (Mann et al., 2007,
Travassos et al., 2013). Conversely, meta-analyses on the connection between basic or higher
cognitive functions and sport performance typically exclude tests using sport-specific stimuli
(Scharfen, & Memmert, 2019; Voss et al., 2010). Our findings highlight the importance of
using a representative design (cf., Brunswik, 1956; Hammond & Stewart, 2001). It refers to
the arrangement of conditions of an experiment so that they represent the behavioral setting
to which the results are intended to apply (i.e., mimicking the task in the real world).

Brunswik (1956) used the term represent in the same sense in which a sample of participants
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in an experiment might be said to represent individuals in some population that was not
included in the experiment. The argument is that the generalization should hold for contexts
as well as participants. Only by creating stimuli that capture the unique perceptual demands
of each sports setting can researchers discover how the individual truly behaves in such
circumstances. This point has been highlighted by many other researchers (Araujo et al.,
2007; Barnett & Ceci, 2002; Hoffman & Deffenbacher, 1993; Risko, et al., 2012; Williams, et
al., 2002).

Contrary to the type of stimuli employed, we found less evidence for sport-specific
responses increasing the discriminatory ability of the tests. An earlier meta-analysis that
included both stimuli and response type as moderators of connection between decision
making and sport expertise found that more sport-specific response types, as well as stimuli,
increased the difference between more and less expert athletes (Travassos et al., 2013). The
type of response showed no effect for any of the cognitive constructs analyzed, from basic
and high cognitive functions to decision making. This result also indicates that a snapshot
“response” may be a narrow conceptualization of the role of goal-directed action in sport
performance, as entailed by the stimulus-processing-response paradigm (contrast with Araujo
et al., 2006; Correia et al., 2012). One can conclude that a cognitive task seems to be
sensitive enough to capture skill-group differences in sports if representative stimuli are
employed, whereas a sport-specific response does not add explanatory power.

Looking at the other conceptually relevant moderators, we found no clear evidence of
differences in effects across age groupings. The need for large-scale projects requires cross-
sectional and longitudinal data, in a design testing intra-individual and inter-individual
changes across the lifespan. Most published reports used an adult sample, and only 10 studies
tested athletes in their late childhood. Furthermore, studies almost exclusively tested athletes

from a single age group. More studies on younger athletes, specifically using longitudinal
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designs across several age groups, are probably needed to gain more knowledge on the
developmental effects of the relationship between sport performance and cognitive functions
and/or on how to adopt measures of cognition within developmental samples.

Only 10 of the studies included used a prospective design, where the cognitive
functions were measured before observing the skill of the athletes (e.g., performing cognitive
tests before team selection was made). We found no clear evidence that the study design
influenced the results. Most studies used cross-sectional designs, examining differences
between predefined groups of higher- and lower-skilled athletes. Although these studies can
provide some evidence of the correlation between sport expertise and cognitive functions,
they provide little value and guidance on how tests of cognitive functions can be used by
practitioners to, for example, predict athletes’ future sporting success (Ivarsson et al., 2020)
or to improve performance (Renshaw et al. 2019). Given the interest in using cognitive tests
to identify talented athletes in childhood and adolescence, it is noteworthy that we only
identified three articles that prospectively assessed cognitive measures in youth athletes
which enables to predict their performance more than a year later (de Joode et al, 2021;
Ishihara et al., 2019; Murr et al., 2021).

Over half of the studies had a risk of selection bias caused by the inadequate
confirmation and consideration of confounding variables. It was evident that almost all these
studies had either failed to report the amount of sport experience of the athletes or displayed
differences in experience between higher- and lower-skilled athletes, which were not
statistically controlled. More specifically, as researchers have shown the positive impact of
practice hours on, for example, inhibition and working memory in open-skill sports (e.g.,
Huijgen et al., 2015; Ishihara et al., 2017), it might be important to control for this potential
effect when examining the relationship between cognitive functions and performance. One

out of four articles showed a risk of selection bias caused by the inadequate selection of
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participants. In this case, the studies either did not control for differences in age or the
proportion of male and female athletes included in the higher- and lower-skilled groups. As
these factors are related to cognitive functions and skills, failing to account for them may
likely impact results (Grissom & Reyes, 2019; Huizinga et al., 2006; Jacobsen et al., 2017).

Although we found an indication of possible publication bias in the overall sample,
we did not find any within each cognitive construct. This is possible due to the heterogeneity
of the effect sizes, which could create a funnel plot asymmetry not due to publication bias.
Visual inspection of the funnel plots indicates an asymmetry in the relationship between
effect size and precision, which can be an indication of publication bias. The funnel plots,
however, ignore the clustered structure of multiple effect sizes within studies. In conclusion,
the evidence of publication bias in the current review is inconclusive and consequently, the
interpretations should be considered with caution.
Limitations

An important limitation in this review is the low number of prospective studies,
especially involving basic cognitive functions and decision making. The scarcity of studies
makes it impossible to draw conclusions about how cognitive functions can predict future
performance. Another limitation is the lack of diversity in the samples studied. For example,
a low number of female participants were employed. The lack of research on female athletes
has been reported in other reviews (Williams et al., 2020). Furthermore, most studies were
conducted using adult athletes, with only a small number of studies measuring the cognitive
functions/skills of athletes in late childhood or adolescence. Finally, most of the studies were
conducted in Europe, North America, or Oceania. Samples from western nations have been
shown to not generalize well in other psychological domains (Henrich et al., 2010). Given

that the estimated effect-sizes in our meta-analysis were based mainly on studies using
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western adult males, caution is warranted in generalizing the size of the effects to female,
younger and non-western populations.

Given the broad scope of this review, there are potentially important moderators that
we did not consider in this review. For example, the type of sport practiced, how skill is
defined, and the level of sporting expertise can affect the relationship between cognitive
functions and sports performance (Scharfen & Memmert, 2019; Voss et al., 2010). Finally,
the choice of how to analyze multiple dependent effect-sizes from each study is not
straightforward, and the choice might affect both the main results and publication bias
analyses (Fernandez-Castilla et al., 2021; Rodgers & Pustojevsky, 2021)

Practical Implications

The results showing that higher-skilled athletes had, in comparison to lower-skilled
athletes, better cognitive decision-making skills indicates that these types of skills might be
an important component for athletic performance. Even if these types of skills cannot be used
to predict future performance, we suggest that training programs targeting decision-making
skills might be beneficial to improve performance. A systematic review, focusing on
decision-making training in volleyball, showed that this type of training (e.g., perceptual
training, video feedback) improved decision-making skills in volleyball players (Conejero
Suarez, Prado Serenini, Farnandez-Echeverria, Collado-Mateo, & Arroyo, 2020). Similar
positive effects have been shown for decision-making training programs in other team sports.
More specifically, programs based on practical scenarios have positive effects on passing
decisions and execution (Silva, Conte, & Clemente, 2020). The current knowledge in the
field does not allow us to precisely recommend specific cognitive training regimes beyond
the above decision-making programs (Harris et al., 2018; Walton et al., 2018).

In future studies, we suggest that researchers primarily adapt prospective designs to

provide evidence of how cognitive functions influence future sporting performance.
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Moreover, we suggest that researchers should report and control for differences in participant
age, gender, and sport experience to ensure that the results are not influenced by extraneous
factors. Finally, more studies must be undertaken using female athletes and younger
participants to be able to generalize findings to a broader group of athletes, as well as studies
including measures at several different ages to allow for direct comparisons between different
developmental stages. We need more mixed cross-sectional and longitudinal studies under
stable situations (e.g., youth academics and sports schools), a theoretical test of different
explanations of how sport-specificity, cognitive dimensions, and developmental stage interact
with expertise (e.g., Musculus, et al., 2019; Raab, 2012) and methodological developments in
diagnostics that allow us to differentiate sensitivity, specificity for tests applied in talent
selection and development.
Conclusions

Higher-skilled athletes perform better on tests of cognitive function compared to
lower-skilled athletes. Tests of cognitive decision-making skills have a better ability to
differentiate higher- and lower-skilled athletes than tests of basic or higher cognitive
functions. Using sport-specific tests seems important to be able to differentiate between
higher- and lower-skilled athletes. However, due to the paucity of predictive studies, there
was insufficient evidence to determine whether cognitive functions and skills can predict
future sport performance. We found no evidence to support claims that tests of general
cognitive functions, such as executive functioning, should be used by practitioners for the

purpose of talent identification or player selection.



30
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

References
*Alarcon, F., Urena, N., Castillo, A., Martin, D., & Cardenas, D. (2017). Executive functions
predict expertise in basketball players [Las funciones ejecutivas como predictoras del
nivel de pericia en jugadores de baloncesto]. Revista de Psicologia del Deporte, 26,
71-74.
Aratjo, D., Davids, K., & Hristovski, R. (2006). The ecological dynamics of decision making
in sport. Psychology of Sport and Exercise, 7(6), 653—676.

https://doi.org/10.1016/1.psychsport.2006.07.002

Aratjo, D., Davids, K., & Passos, P. (2007). Ecological validity, representative design, and
correspondence between experimental task constraints and behavioral setting:
Comment on Rogers, Kadar, and Costall (2005). Ecological Psychology, 19(1), 69—

78. https://doi.org/10.1080/10407410709336951

*Aragjo, D., Davids, K., & Serpa, S. (2005). An ecological approach to expertise effects in
decision-making in a simulated sailing regatta. Psychology of Sport and Exercise,

6(6), 671-692. https://doi.org/10.1016/].psychsport.2004.12.003

Aratjo, D., Hristovski, R., Seifert, L., Carvalho, J., & Davids, K. (2019). Ecological
cognition: Expert decision-making behaviour in sport. International Review of Sport
and Exercise Psychology, 12(1), 1-25.

https://doi.org/10.1080/1750984X.2017.1349826

*Bahia Loureiro Jr., L. de F., & Barbosa de Freitas, P. (2012). Influence of the performance
level of badminton players in neuromotor aspects during a target-pointing task.
Revista Brasileira de Medicina do Esporte, 18(3), 203-207.

https://doi.org/10.1590/s1517-86922012000300014




31
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

*Baladkova, V., Boschek, P., & Skalikova, L. (2015). Selected cognitive abilities in elite youth
soccer players. Journal of Human Kinetics, 49(1), 267-276.

https://doi.org/10.1515/hukin-2015-0129

Barnett, S. M., & Ceci, S. J. (2002). When and where do we apply what we learn? A
taxonomy for far transfer. Psychological Bulletin, 128, 612-637.

https://doi.org/10.1037/0033-2909.128.4.612

Beavan, A., Chin, V,, Ryan, L. M., Spielmann, J., Mayer, J., Skorski, S., Meyer, T., &
Fransen, J. (2020). A longitudinal analysis of the executive functions in high-level

soccer players. Journal of Sport and Exercise Psychology, 42(5), 349-357.

https://doi.org/10.1123/jsep.2019-0312

Bennett, K. J. M., Novak, A. R., Pluss, M. A., Coutts, A. J., & Fransen, J. (2019). Assessing
the validity of a video-based decision-making assessment for talent identification in
youth soccer. Journal of Science and Medicine in Sport, 22(6), 729-734.
https://doi.org/10.1016/j.jsams.2018.12.011

*Bennett, K. J., Novak, A. R., Pluss, M. A., Coutts, A. J., & Fransen, J. (2020). A
multifactorial comparison of Australian youth soccer players’ performance
characteristics. International Journal of Sports Science & Coaching, 15(1), 17-25.

https://doi.org/10.1177/1747954119893174

Best, J. R., & Miller, P. H. (2010). A developmental perspective on executive function:
development of executive functions. Child Development, 81(6), 1641-1660.

https://doi.org/10.1111/1.1467-8624.2010.01499.x

Bisagno, E., & Morra, S. (2018). How do we learn to “kill” in volleyball?: The role of
working memory capacity and expertise in volleyball motor learning. Journal of
experimental child psychology, 167, 128—145.

https://doi.org/10.1016/j.jecp.2017.10.008



32
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

Blows, W. T. (2003). Child brain development. Nursing Times, 99(17), 28-31.
*Boschker, M. S. J., Bakker, F. C., & Michaels, C. F. (2002). Memory for the functional
characteristics of climbing walls: Perceiving Affordances. Journal of Motor Behavior,

34(1), 25-36. https://doi.org/10.1080/00222890209601928

Brooks, M. E., Dalal, D. K., & Nolan, K. P. (2014). Are common language effect sizes easier
to understand than traditional effect sizes? Journal of Applied Psychology, 99(2), 332—

340. https://doi.org/10.1037/a0034745

*Bruce, L., Farrow, D., Raynor, A., & Mann, D. (2012). But I can’t pass that far! The
influence of motor skill on decision making. Psychology of Sport and Exercise, 13(2),

152—-161. https://doi.org/10.1016/1.psychsport.2011.10.005

Brunswik, E. (1956). Perception and the representative design of psychological experiments
(2" ed.). University of California Press.

Butzbach, M., Fuermaier, A. B., Aschenbrenner, S., Weisbrod, M., Tucha, L., & Tucha, O.
(2019). Basic processes as foundations of cognitive impairment in adult ADHD.
Journal of Neural Transmission, 126(10), 1347—-1362. https://doi.org/10.1007/s00702-
019-02049-1

*Campbell, M. J., & Moran, A. P. (2014). There is more to green reading than meets the eye!
Exploring the gaze behaviours of expert golfers on a virtual golf putting task.

Cognitive Processing, 15(3), 363—372. https://doi.org/10.1007/s10339-014-0608-2

*Cafal-Bruland, R., van Ginneken, W. F., van der Meer, B. R., & Williams, A. M. (2011).
The effect of local kinematic changes on anticipation judgments. Human Movement

Science, 30(3), 495-503. https://doi.org/10.1016/1.humov.2010.10.001

*Causer, J., & Williams, A. M. (2015). The Use of Patterns to Disguise Environmental Cues
During an Anticipatory Judgment Task. Journal of Sport and Exercise Psychology,

37(1), 74-82. https://doi.org/10.1123/jsep.2014-0200



33
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

*Chen, Y., Chang, C., Huang, S., & Yen, N. (2020). Nonlinear engagement of action
observation network underlying action anticipation in players with different levels of
expertise. Human Brain Mapping, 41(18), 5199-5214.

https://doi.org/10.1002/hbm.25186

*Chung, P., & Ng, G. (2012). Tackwondo training improves the neuromotor excitability and
reaction of large and small muscles. Physical Therapy in Sport, 13(3), 163—-169.

https://doi.ore/10.1016/.ptsp.2011.07.003

*Cona, G., Cavazzana, A., Paoli, A., Marcolin, G., Grainer, A., & Bisiacchi, P. S. (2015). It’s
a matter of mind! Cognitive functioning predicts the athletic performance in ultra-
marathon runners. PLOS ONE, 10(7), Article e0132943.

https://doi.org/10.1371/journal.pone.0132943

Conejero Suarez, M., Prado Serenini, A. L., Fernandez-Echeverria, C., Collado-Mateo, D., &
Moreno Arroyo, M. P. (2020). The effect of decision training, from a cognitive
perspective, on decision-making in volleyball: A systematic review and meta-analysis.
International Journal of Environmental Research and Public Health, 17(10), 3628.
https://doi.org/10.3390/ijerph17103628

*Correia, V., Aragjo, D., Cummins, A., & Craig, C. M. (2012). Perceiving and acting upon
spaces in a vr rugby task: Expertise effects in affordance detection and task
achievement. Journal of Sport and Exercise Psychology, 34(3), 305-321.

https://doi.org/10.1123/ijsep.34.3.305

*de Joode, T., Tebbes, D. J. J., & Savelsbergh, G. J. P. (2021). Game Insight Skills as a
Predictor of Talent for Youth Soccer Players. Frontiers in Sports and Active Living, 2,

Article 609112. https://doi.org/10.3389/fspor.2020.609112

*De Waelle, S., Robertson, K., Deconinck, F. J. A., & Lenoir, M. (2022). The Use of

Contextual Information for Anticipation of Badminton Shots in Different Expertise



34
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

Levels. Research Quarterly for Exercise and Sport. Advance online publication.

https://doi.org/10.1080/02701367.2021.1934378

*del Campo, V. L., & Caja, A. (2018). Influence of perceptual pattern recognition skill on
footballers’ motor behaviours [Influencia de la habilidad perceptiva de reconocer
patrones de juego en la respuesta motriz de futbolistas]. Revista Iberoamericana de
Psicologia del Ejercicio y el Deporte, 13(2), 211-217.

*Del Percio, C., Brancucci, A., Vecchio, F., Marzano, N., Pirritano, M., Meccariello, E.,
Padoa, S., Mascia, A., Giallonardo, A. T., Aschieri, P., Lino, A., Palma, E., Fiore, A.,
Ciolo, E. D., Babiloni, C., & Eusebi, F. (2007). Visual event-related potentials in elite
and amateur athletes. Brain Research Bulletin, 74(1-3), 104-112.

https://doi.org/10.1016/j.brainresbull.2007.05.011

Diamond, A. (2013). Executive functions. Annual Review of Psychology, 64, 135-168.

https://doi.org/10.1146/annurev-psych-113011-143750

*Didierjean, A., & Marmeche, E. (2005). Anticipatory representation of visual basketball
scenes by novice and expert players. Visual Cognition, 12(2), 265-283.

https://doi.org/10.1080/13506280444000021a

*Duncan, S., Oppici, L., Borg, C., Farrow, D., Polman, R., & Serpiello, F. R. (2018).
Expertise-related differences in the performance of simple and complex tasks: an
event-related potential evaluation of futsal players. Science and Medicine in Football,

2(2), 157-162. https://doi.org/10.1080/24733938.2017.1398408

*Ehmann, P., Beavan, A., Spielmann, J., Mayer, J., Altmann, S., Ruf, L., Rohrmann, S.,
Irmer, J. P., & Englert, C. (2022). Perceptual-cognitive performance of youth soccer
players in a 360°-environment — Differences between age groups and performance
levels. Psychology of Sport and Exercise, 59, Article 102120.

https://doi.org/10.1016/1.psychsport.2021.102120




35
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

*Elferink-Gemser, M. T., Faber, I. R., Visscher, C., Hung, T.-M., Vries, S. J. de, & Sanden,
M. W. G. N.-V. der. (2018). Higher-level cognitive functions in Dutch elite and sub-
elite table tennis players. PLOS ONE, 13(11), Article e0206151.

https://doi.org/10.1371/journal.pone.0206151

Ericsson, K. A. (Ed.). (2014). The road to excellence. Psychology Press.
*Estevan, ., & Falco, C. (2013). Mechanical analysis of the roundhouse kick according to
height and distance in tackwondo. Biology of Sport, 30(4), 275-279.

https://doi.org/10.5604/20831862.1077553

*Falco, C., Molina-Garcia, J., Alvarez, O., & Estevan, L. (2013). Effects of target distance on
select biomechanical parameters in tackwondo roundhouse kick. Sports

Biomechanics, 12(4), 381-388. https://doi.org/10.1080/14763141.2013.776626

*Farahani, J., Soltani, P., & Rezlescu, C. (2020). Chapter 4 — Assessing decision-making in
elite academy footballers using real-world video clips. Progress in Brain Research,

253, 59-70. https://doi.org/10.1016/bs.pbr.2020.06.015

*Farahani, J., Soltani, P., Rezlescu, C., & Walsh, V. (2020). Chapter 5 - Assessing decision
making using 2D animations in elite academy footballers. Progress in Brain

Research, 253, 71-85. https://doi.org/10.1016/bs.pbr.2020.06.016

Farrow, D., & Abernethy, B. (2002). Can anticipatory skills be learned through implicit
video-based perceptual training? Journal of Sports Sciences, 20(6), 471-485.

https://doi.org/10.1080/02640410252925143

*Farrow, D., McCrae, J., Gross, J., & Abernethy, B. (2010). Revisiting the relationship
between pattern recall and anticipatory skill . International Journal of Sport
Psychology, 41(1), 91-106.

Fernandez-Castilla, B., Aloe, A. M., Declercq, L., Jamshidi, L., Beretvas, S. N., Onghena, P.,

& Van den Noortgate, W. (2021). Estimating outcome-specific effects in meta-



36
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

analyses of multiple outcomes: A simulation study. Behavior Research Methods,

53(2), 702—-717. https://doi.org/10.3758/s13428-020-01459-4

Fernandez-Castilla, B., Declercq, L., Jamshidi, L., Beretvas, S. N., Onghena, P., & Van den
Noortgate, W. (2019). Detecting Selection Bias in Meta-Analyses with Multiple
Outcomes: A Simulation Study. The Journal of Experimental Education, 89(1), 125—

144. https://doi.org/10.1080/00220973.2019.1582470

*Gabbett, T., & Benton, D. (2009). Reactive agility of rugby league players. Journal of
Science and Medicine in Sport, 12(1), 212-214.

https://doi.org/10.1016/1.jsams.2007.08.011

*Gabbett, T. J., & Abernethy, B. (2013). Expert—novice differences in the anticipatory skill of
rugby league players. Sport, Exercise, and Performance Psychology, 2(2), 138—155.

https://doi.org/10.1037/a0031221

*Gabbett, T. J., Jenkins, D. G., & Abernethy, B. (2011). Relative importance of physiological,
anthropometric, and skill qualities to team selection in professional rugby league.
Journal of Sports Sciences, 29(13), 1453-1461.

https://doi.org/10.1080/02640414.2011.603348

*Garcia-Gonzalez, L., Iglesias, D., Moreno, A., Moreno, M. P., & Villar, F. D. (2012).
Tactical knowledge in tennis: A Comparison of two groups with different levels of
expertise. Perceptual and Motor Skills, 115(2), 567-580.

https://doi.org/10.2466/30.10.25.pms.115.5.567-580

*Gierczuk, D., Bujak, Z., Cieliski, 1., Lyakh, V., & Sadowski, J. (2018). Response Time and
Effectiveness in Elite Greco-Roman Wrestlers Under Simulated Fight Conditions.
Journal of Strength and Conditioning Research, 32(12), 3433-3440.

https://doi.org/10.1519/1s¢.0000000000002868




37
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

*Gonzalez, C. C., Causer, J., Grey, M. J., Humphreys, G. W., Miall, R. C., & Williams, A. M.
(2017). Exploring the quiet eye in archery using field- and laboratory-based tasks.

Experimental Brain Research, 235(9), 2843-2855. https://doi.org/10.1007/s00221-

017-4988-2
*Gorman, A. D., Abernethy, B., & Farrow, D. (2011). Investigating the anticipatory nature of
pattern perception in sport. Memory & Cognition, 39(5), 894-901.

https://doi.org/10.3758/s13421-010-0067-7

*Gray, R., Beilock, S. L., & Carr, T. H. (2007). “As soon as the bat met the ball, I knew it
was gone”: Outcome prediction, hindsight bias, and the representation and control of
action in expert and novice baseball players. Psychonomic Bulletin & Review, 14(4),

669-675. https://doi.org/10.3758/bf03196819

*QGrigore, V., Mitrache, G., Paunescu, M., & Predoiu, R. (2015). The Decision Time, the
Simple and the Discrimination Reaction Time in Elite Romanian Junior Tennis
Players. Procedia - Social and Behavioral Sciences, 190, 539-544.

https://doi.org/10.1016/1.sbspro.2015.05.040

Grissom, N. M., & Reyes, T. M. (2019). Let’s call the whole thing oft: Evaluating gender and
sex differences in executive function. Neuropsychopharmacology, 44(1), 86—96.

https://doi.org/10.1038/s41386-018-0179-5

*Gutierrez-Davila, M., Rojas, F. J., Antonio, R., & Navarro, E. (2013). Response timing in
the lunge and target change in elite versus medium-level fencers. European Journal of

Sport Science, 13(4), 364-371. https://doi.org/10.1080/17461391.2011.635704

*Guzman, J. F., Pablos, A. M., & Pablos, C. (2008). Perceptual-cognitive skills and
performance in orienteering. Perceptual and Motor Skills, 107(1), 159—164.

https://doi.org/10.2466/pms.107.1.159-164




38
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

Harris, D. J., Wilson, M. R., & Vine, S. J. (2018). A Systematic Review of Commercial
Cognitive Training Devices: Implications for Use in Sport. Frontiers in Psychology,

9, Article 709. https://doi.org/10.3389/fpsyg.2018.00709

*Hagemann, N. (2009). The advantage of being left-handed in interactive sports. Attention,
Perception, & Psychophysics, 71(7), 1641-1648.

https://doi.org/10.3758/app.71.7.1641

*Hagemann, N., Schorer, J., Cafial-Bruland, R., Lotz, S., & Strauss, B. (2010). Visual
perception in fencing: Do the eye movements of fencers represent their information
pickup? Attention, Perception, & Psychophysics, 72(8), 2204-2214.

https://doi.org/10.3758/bf03196695

*Hagyard, J., Brimmell, J., Edwards, E. J., & Vaughan, R. S. (2021). Inhibitory Control
Across Athletic Expertise and Its Relationship With Sport Performance. Journal of

Sport & Exercise Psychology, 43(1), 14-27. https://doi.org/10.1123/jsep.2020-0043

Hammond, K., & Stewart, T. (2001). The essential Brunswik: Beginnings, explications,
Applications. Oxford University Press.

*Han, D. H., Park, H. W., Kee, B. S., Na, C., Na, D.-H. E., & Zaichkowsky, L. (2011).
Performance enhancement with low stress and anxiety modulated by cognitive
flexibility. Psychiatry Investigation, 8(3), 221-226.

https://doi.org/10.4306/p1.2011.8.3.221

*Heilmann, F. (2021). Executive functions and domain-specific cognitive skills in climbers.

Brain Sciences, 11(4), 449. https://doi.org/10.3390/brainsci11040449

Henrich, J., Heine, S. J., & Norenzayan, A. (2010). The weirdest people in the world?
Behavioral and Brain Sciences, 33(2-3), 61-83.

https://doi.org/10.1017/s0140525x0999152x




39
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

*Hicheur, H., Chauvin, A., Chassot, S., Cheneviére, X., & Taube, W. (2017). Effects of age
on the soccer-specific cognitive-motor performance of elite young soccer players:
Comparison between objective measurements and coaches’ evaluation. PLOS ONE,

12(9), Article e0185460. https://doi.org/10.1371/journal.pone.0185460

*Holfelder, B., Klotzbier, T. J., Eisele, M., & Schott, N. (2020). Hot and cool executive
function in elite- and amateur- adolescent athletes from open and closed skills sports.

Frontiers in Psychology, 11, Article 694. https://doi.org/10.3389/fpsyg.2020.00694

Hoffman, R. R., & Deffenbacher, K. A. (1993). An ecological analysis of the relations of
basic and applied science. Ecological Psychology, 5(4), 315-352.

*Huesmann, K., Loffing, F., Biisch, D., Schorer, J., & Hagemann, N. (2021). Varying
Degrees of Perception-Action Coupling and Anticipation in Handball Goalkeeping.
Journal of Motor Behavior. Advance online publication.

https://doi.org/10.1080/00222895.2021.1984868

*Huijgen, B. C. H., Leemhuis, S., Kok, N. M., Verburgh, L., Oosterlaan, J., Elferink-Gemser,
M. T., & Visscher, C. (2015). Cognitive functions in elite and sub-elite youth soccer
players aged 13 to 17 years. PLOS ONE, 10(12), Article e0144580.

https://doi.org/10.1371/journal.pone.0144580

Huizinga, M., Dolan, C. V., & Van der Molen, M. W. (2006). Age-related change in executive
function: Developmental trends and a latent variable analysis. Neuropsychologia,

44(11), 2017-2036. https://doi.org/10.1016/j.neuropsychologia.2006.01.010

*Hiittermann, S., Memmert, D., & Nerb, J. (2019). Individual differences in attentional
capability are linked to creative decision making. Journal of Applied Social

Psychology, 49(3), 159-167. https://doi.org/10.1111/jasp.12572




40
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

*Ishihara, T., Kuroda, Y., & Mizuno, M. (2019). Competitive achievement may be predicted

by executive functions in junior tennis players: An 18-month follow-up study. Journal

of Sports Sciences, 37(7), 755-761. https://doi.org/10.1080/02640414.2018.1524738
Ivarsson, A., Kilhage-Persson, A., Martindale, R., Priestley, D., Huijgen, B., Ardern, C., &

MccCall, A. (2020). Psychological factors and future performance of football players:

A systematic review with meta-analysis. Journal of Science and Medicine in Sport,

23(4), 415-420. https://doi.org/10.1016/j.jsams.2019.10.021

Jacobsen, G.M., de Mello, C. M., Kochhann, R., & Fonseca, R. P. (2017). Executive
functions in school-age children: Influence of age, gender, school type and parental
education. Applied Cognitive Psychology, 31(4), 404-413.

https://doi.org/10.1002/acp.3338

*Joseph, J., McIntyre, F., Joyce, C., Scanlan, A., & Cripps, A. (2021). A comparison of
multidimensional qualities discriminant of selection in elite adolescent Australian
basketball athletes. PLoS ONE, 16(8), Article €0256032.

https://doi.org/10.1371/journal.pone.0256032

*Kajtna, T., Vuleta, D., Pori, M., Justin, L., & Pori, P. (2012). Psychological characteristics of
Slovene handball goalkeepers. Kinesiology. 44(2), 209-217.

*Keller, B. S., Raynor, A. J., Iredale, F., & Bruce, L. (2018). Tactical skill in Australian youth
soccer: Does it discriminate age-match skill levels? International Journal of Sports

Science & Coaching, 13(6), 1057-1063. https://doi.org/10.1177/1747954118760778

*Kida, N., Oda, S., & Matsumura, M. (2005). Intensive baseball practice improves the
Go/Nogo reaction time, but not the simple reaction time. Cognitive Brain Research,

22(2), 257-264. https://doi.org/10.1016/j.cogbrainres.2004.09.003

Kim, S.Y., Park, J. E., Lee, Y. J., Seo, H.-J., Sheen, S.-S., Hahn, S., Jang, B.-H., & Son, H.-J.

(2013). Testing a tool for assessing the risk of bias for nonrandomized studies showed



41
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

moderate reliability and promising validity. Journal of Clinical Epidemiology, 66(4),

408—414. https://doi.org/10.1016/j.jclinepi.2012.09.016

Kittelberger, T. (2018). Die entwicklung kognitiver fahigkeiten von spielern am beispiel der
»Helix“ [The development of cognitive ability of players shown in the ,,Helix“]. In R.
Lanwehr & Jan Mayer (Eds.), People Analytics im Profifuf3ball: Implikationen fiir die
Wirtschaft (pp. 171-203). Springer Fachmedien Wiesbaden.

https://doi.org/10.1007/978-3-658-21256-8 8

*Kruger, A., Plooy, K. D., & Kruger, P. (2019). Differences in the neurocognitive profiles of
professional and semi-professional male South African rugby union players. Journal
of Psychology in Africa, 29(2), 172—175.

https://doi.org/10.1080/14330237.2019.1594634

*Laborde, S., & Raab, M. (2013). The tale of hearts and reason: the influence of mood on
decision making. Journal of Sport and Exercise Psychology, 35(4), 339-357.

https://doi.org/10.1123/isep.35.4.339

*Laby, D. M., Kirschen, D. G., Govindarajulu, U., & DeLand, P. (2018). The hand-eye
coordination of professional baseball players. Optometry and Vision Science, 95(7),

557-567. https://doi.org/10.1097/0px.0000000000001239

Lipsey, M. W., & Wilson, D. B. (2001). Practical meta-analysis. Sage Publications.

*Liu, S., Ritchie, J., Sdenz-Moncaleano, C., Ward, S. K., Paulsen, C., Klein, T., Gutierrez, O.,
& Tenenbaum, G. (2017). 3D technology of Sony Bloggie has no advantage in
decision-making of tennis serve direction: A randomized placebo-controlled study.
European Journal of Sport Science, 17(5), 603—610.

https://doi.org/10.1080/17461391.2017.1301561




42
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

*Lorains, M., Ball, K., & MacMahon, C. (2013). Expertise differences in a video decision-
making task: Speed influences on performance. Psychology of Sport and Exercise,

14(2), 293-297. https://doi.org/10.1016/j.psychsport.2012.11.004

*Lovecchio, N., Manes, G., Filipas, L., Giuriato, M., Torre, A. L., laia, F. M., & Codella, R.
(2021). Screening Youth Soccer Players by Means of Cognitive Function and Agility
Testing. Perceptual and Motor Skills, 128(6), 2710-2724.

https://doi.org/10.1177/00315125211040283

*Lu, Q., Li, P., Wu, Q., Liu, X., & Wu, Y. (2021). Efficiency and enhancement in attention
networks of elite shooting and archery athletes. Frontiers in Psychology, 12, Article

638822. https://doi.org/10.3389/fpsye.2021.638822

*Lundgren, T., Hogman, L., Nislund, M., & Parling, T. (2016). Preliminary investigation of
executive functions in elite ice hockey players. Journal of Clinical Sport Psychology,

10(4), 324-335. https://doi.org/10.1123/jcsp.2015-0030

*Lyons, M., Al-Nakeeb, Y., & Nevill, A. (2008). Post-exercise coincidence anticipation in

expert and novice Gaelic games players: the effects of exercise intensity. European

Journal of Sport Science, 8(4), 205-216. https://doi.org/10.1080/17461390802116658

*Maclntyre, T., Moran, A., & Jennings, D. J. (2002). Is controllability of imagery related to
canoe-slalom performance? Perceptual and Motor Skills, 94(3, Pt. 2), 1245-1250.

https://doi.org/10.2466/pms.2002.94.3¢.1245

*Magnaguagno, L., & Hossner, E.-J. (2020). The impact of self-generated and explicitly
acquired contextual knowledge on anticipatory performance. Journal of Sports

Sciences, 38(18), 2108-2117. https://doi.org/10.1080/02640414.2020.1774142

Mann, D. L., Dehghansai, N., & Baker, J. (2017). Searching for the elusive gift: advances in
talent identification in sport. Current Opinion in Psychology, 16, 128—133.

https://doi.org/10.1016/j.copsyc.2017.04.016




43
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

Mann, D. T. Y., Williams, A. M., Ward, P., & Janelle, C. M. (2007). Perceptual-cognitive
expertise in sport: A meta-analysis. Journal of Sport and Exercise Psychology, 29(4),

457-478. https://doi.org/10.1123/1sep.29.4.457

McGraw, K. O., & Wong, S. P. (1992). A Common Language Effect Size Statistic.
Psychological Bulletin, 111(2), 361-365. https://doi.org/10.1037/0033-2909.111.2.361

*McRobert, A. P., Ward, P., Eccles, D. W., & Williams, A. M. (2011). The effect of
manipulating context- specific information on perceptual—cognitive processes during
a simulated anticipation task. British Journal of Psychology, 102(3), 519-534.

https://doi.org/10.1111/5.2044-8295.2010.02013.x

*McRobert, A. P., Williams, A. M., Ward, P., & Eccles, D. W. (2009). Tracing the process of
expertise in a simulated anticipation task. Ergonomics, 52(4), 474—483.

https://doi.org/10.1080/00140130802707824

*Millard, L., Shaw, B., Breukelman, G., & Shaw, 1. (2020). Visual Abilities Distinguish Level
of Play in Rugby. Annals of Applied Sport Science, 8(3), 0-0.

https://doi.org/10.29252/aassjournal.906

Miyake, A., & Friedman, N. P. (2012). The nature and organization of individual differences
in executive functions: Four general conclusions. Current Directions in Psychological

Science, 21(1), 8—14. https://doi.org/10.1177/0963721411429458

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T. D.
(2000). The unity and diversity of executive functions and their contributions to
complex “frontal lobe” tasks: A latent variable analysis. Cognitive Psychology, 41(1),
49-100. https://doi.org/10.1006/cogp.1999.0734

*Moore, C. G., & Miiller, S. (2014). Transfer of expert visual anticipation to a similar
domain. The Quarterly Journal of Experimental Psychology, 67(1), 186—196.

https://doi.org/10.1080/17470218.2013.798003




44
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

*Moran, A., Quinn, A., Campbell, M., Rooney, B., Brady, N., & Burke, C. (2016). Using
pupillometry to evaluate attentional effort in quiet eye: A preliminary investigation.
Sport, Exercise, and Performance Psychology, 5(4), 365-376.

https://doi.org/10.1037/spy0000066

*Moreau, D., Mansy-Dannay, A., Clerc, J., & Guerrién, A. (2011). Spatial ability and motor
performance: Assessing mental rotation processes in elite and novice athletes.
International Journal of Sport Psychology, 42(6), 525-547.

*Morris-Binelli, K., Miiller, S., & Fadde, P. (2018). Use of Pitcher Game Footage to Measure
Visual Anticipation and Its Relationship to Baseball Batting Statistics. Journal of

Motor Learning and Development, 6(2), 197-208. https://doi.org/10.1123/jmld.2017-

015
*Miiller, S., Abernethy, B., Eid, M., McBean, R., & Rose, M. (2010). EExpertise and the

spatio-temporal characteristics of anticipatory information pick-up from complex

movement patterns. Perception, 39(6), 745—-760. https://doi.org/10.1068/p6438

Miiller, S., Abernethy, B., & Farrow, D. (2006). How do world-class cricket batsmen
anticipate a bowler’s intention? The Quarterly Journal of Experimental Psychology,
59(12), 2162-2186. https://doi.org/10.1080/02643290600576595

*Miiller, S., & Fadde, P. J. (2016). The relationship between visual anticipation and baseball
batting game statistics. Journal of Applied Sport Psychology, 28(1), 49-61.

https://doi.org/10.1080/10413200.2015.1058867

*Miiller, S., Fadde, P. J., & Harbaugh, A. G. (2017). Adaptability of expert visual anticipation
in baseball batting. Journal of Sports Sciences, 35(17), 2108-2117.

https://doi.org/10.1080/02640414.2016.1230225

*Miiller, S., McLaren, M., Appleby, B., & Rosalie, S. M. (2015). Does expert perceptual

anticipation transfer to a dissimilar domain? Journal of Experimental Psychology:



45
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

Human Perception and Performance, 41(3), 631-638.

https://doi.org/10.1037/xhp0000021

*Murphy, C. P., Jackson, R. C., Cooke, K., Roca, A., Benguigui, N., & Williams, A. M.
(2016). Contextual information and perceptual-cognitive expertise in a dynamic,
temporally-constrained task. Journal of Experimental Psychology: Applied, 22(4),

455-470. https://doi.org/10.1037/xap0000094

*Murr, D., Larkin, P., & Honer, O. (2021). Decision-making skills of high-performance youth
soccer players. German Journal of Exercise and Sport Research, 51(1), 102—111.

https://doi.org/10.1007/s12662-020-00687-2

*Musculus, L. (2018). Do the best players “take-the-first”? Examining expertise differences
in the option-generation and selection processes of young soccer players. Sport,
Exercise, and Performance Psychology, 7(3), 271-283.

https://doi.org/10.1037/spy0000123

*Musculus, L., Bader, J., Sander, L., & Vogt, T. (2021). The Influence of Environmental
Constraints in 360° Videos on Decision Making in Soccer. Journal of Sport &

Exercise Psychology, Advanced online publication. https://doi.org/10.1123/jsep.2020-

0166

Musculus, L., Ruggeri, A., Raab, M., & Lobinger, B. (2019). A developmental perspective on
option generation and selection. Developmental Psychology, 55(4), 745-753.
https://doi.org/10.1037/dev0000665

Newell, A., & Rosenbloom, P. S. (1981). Mechanisms of skill acquisition and the law of
practice. In J. Anderson, R. (Ed.), Cognitive skills and their acquisition (pp. 1-55).

Erlbaum.



46
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

*North, J. S., Hope, E., & Williams, A. M. (2017). Identifying the Micro-relations

Underpinning Familiarity Detection in Dynamic Displays Containing Multiple

Objects. Frontiers in Psychology, 8, 963. https://doi.org/10.3389/fpsyg.2017.00963
*North, J. S., Hope, E., & Williams, A. M. (2016). The relative importance of different
perceptual-cognitive skills during anticipation. Human Movement Science, 49, 170—

177. https://doi.org/10.1016/;.humov.2016.06.013

*North, J. S., Ward, P., Ericsson, A., & Williams, A. M. (2011). Mechanisms underlying
skilled anticipation and recognition in a dynamic and temporally constrained domain.

Memory, 19(2), 155-168. https://doi.org/10.1080/09658211.2010.541466

*(O’Connor, D., Larkin, P., & Williams, A. M. (2016). Talent identification and selection in
elite youth football: An Australian context. European Journal of Sport Science, 16(7),

1682—-1690. https://doi.org/10.1080/17461391.2016.1151945

*Ottoboni, G., Russo, G., & Tessari, A. (2015). What boxing-related stimuli reveal about
response behaviour. Journal of Sports Sciences, 33(10), 1019-1027.

https://doi.org/10.1080/02640414.2014.977939

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, 1., Hoffmann, T. C., Mulrow, C. D.,
Shamseer, L., Tetzlaff, J. M., AKL, E. A., Brennan, S. E., Chou, R., Glanville, J.,
Grimshaw, J. M., Hrobjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson,
E., McDonald, S., ... Moher, D. (2021). The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BM.J, 372, n71.

https://doi.org/10.1136/bmj.n71

*Patdcs, A., Melia, L., Kovacs, S., Fozer-Selmeci, B., Révész, L., & Toth, L. (2016).
Reactive stress tolerance and personality characteristics of Hungarian elite fencers.

Cognition, Brain, Behavior, 20(3), 171.



47
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

*Paull, G., & Glencross, D. (1997). Expert perception and decision making in baseball.
International Journal of Sport Psychology, 28(1), 35-56.

Paz-Alonso, P. M., Bunge, S. A., & Ghetti, S. (2013). Emergence of higher cognitive
functions: Reorganization of large-scale brain networks during childhood and
adolescence. In: S. Kosslyn & K. Ochsner (Eds.), Oxford Handbook on Higher
Cognitive Functions. Oxford University Press.

*Perciavalle, V., di Corrado, D., Scuto, C., Perciavalle, V., & Coco, M. (2014).
Anthropometrics related to the performance of a sample of male swimmers.
Perceptual and Motor Skills, 118(3), 940-950.

https://doi.org/10.2466/19.50.pms.118k27w8

*Piggott, B., Miiller, S., Chivers, P., Cripps, A., & Hoyne, G. (2019). Small-sided games can
discriminate perceptual-cognitive-motor capability and predict disposal efficiency in
match performance of skilled Australian footballers. Journal of Sports Sciences,

37(10), 1139-1145. https://doi.org/10.1080/02640414.2018.1545522

*Praxedes, A., Moreno, A., Gil-Arias, A., Claver, F., & Villar, F. D. (2018). The effect of
small-sided games with different levels of opposition on the tactical behaviour of
young footballers with different levels of sport expertise. PLOS ONE, 13(1), Article

e€0190157. https://doi.org/10.1371/journal.pone.0190157

*Przednowek, K., Sliz, M., Lenik, J., Dziadek, B., Cieszkowski, S., Lenik, P., Kope¢, D.,
Wardak, K., & Przednowek, K. H. (2019). Psychomotor abilities of professional

handball players. International Journal of Environmental Research and Public

Health, 16(11), 1909. https://doi.org/10.3390/ijerph16111909

Pustejovsky, J., (2021). clubSandwich: Cluster-Robust (Sandwich) Variance Estimators with
Small-Sample Corrections (Version 0.5.3). [R package]. CRAN. https://CRAN.R-

project.org/package=clubSandwich



48
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

Pustejovsky, J. E., & Rodgers, M. A. (2019). Testing for funnel plot asymmetry of
standardized mean differences. Research Synthesis Methods, 10(1), 57-71.

https://doi.org/10.1002/jrsm.1332

Pustejovsky, J. E., & Tipton, E. (2021). Meta-analysis with robust variance estimation:
Expanding the range of working models. Prevention Science. Advanced online

publication. https://doi.org/10.1007/s11121-021-01246-3

*Qiu, F., P1, Y., Liu, K., Li, X., Zhang, J., & Wu, Y. (2018). Influence of sports expertise level
on attention in multiple object tracking. Peer.J, 6, €5732.

https://doi.org/10.7717/peerj.5732

Raab, M. (2012). Simple heuristics in sports. International Review of Sport and Exercise
Psychology, 5(2), 104—120. https://doi.org/10.1080/1750984X.2012.654810

*Raab, M., & Johnson, J. G. (2007). Expertise-based differences in search and option-
generation strategies. Journal of Experimental Psychology: Applied, 13(3), 158-170.

https://doi.org/10.1037/1076-898x.13.3.158

*Raab, M., & Laborde, S. (2011). When to blink and when to think: Preference for intuitive
decisions results in faster and better tactical choices. Research Quarterly for Exercise

and Sport, 82(1), 89-98. https://doi.org/10.1080/02701367.2011.10599725

Renshaw, 1., Davids, K., Aratijo, D., Lucas, A., Roberts, W. M., Newcombe, D. J., & Franks,
B. (2019). Evaluating weaknesses of “perceptual-cognitive training” and “brain
training” methods in sport: An ecological dynamics critique. Frontiers in Psychology,

9, Article 2468. https://doi.org/10.3389/fpsyg.2018.02468

*Ripoll, H., Kerlirzin, Y., Stein, J.-F., & Reine, B. (1995). Analysis of information
processing, decision making, and visual strategies in complex problem solving sport

situations. Human Movement Science, 14(3), 325-349. https://doi.org/10.1016/0167-

9457(95)00019-0




49
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

Risko, E. F., Laidlaw, K. E., Freeth, M., Foulsham, T., & Kingstone, A. (2012). Social
attention with real versus reel stimuli: toward an empirical approach to concerns about
ecological validity. Frontiers in Human Neuroscience, 6, Article 143.

https://doi.org/10.3389/fnhum.2012.00143

*Roca, A., Ford, P. R., McRobert, A. P., & Williams, A. M. (2013). Perceptual-cognitive
skills and their interaction as a function of task constraints in soccer. Journal of Sport

and Exercise Psychology, 35(2), 144—155. https://doi.org/10.1123/jsep.35.2.144

*Robertson, K., De Waelle, S., Deconinck, F. J., & Lenoir, M. (2021). Differences in
expertise level for anticipatory skill between badminton ‘in game’ strokes and serves.
International Journal of Sports Science & Coaching. Advance online publication.

https://doi.org/10.1177/17479541211046910

Rodgers, M. A., & Pustejovsky, J. E. (2021). Evaluating Meta-Analytic Methods to Detect
Selective Reporting in the Presence of Dependent Effect Sizes. Psychological

Methods, 26(2), 141-160. https://doi.org/10.1037/met0000300

*Rosalie, S. M., & Miiller, S. (2013). Timing of in situ visual information pick-up that
differentiates expert and near-expert anticipation in a complex motor skill. Quarterly
Journal of Experimental Psychology, 66(10), 1951-1962.

https://doi.org/10.1080/17470218.2013.770044

*Rdsch, D., Schultz, F., & Honer, O. (2021). Decision-making skills in youth basketball
players: diagnostic and external validation of a video-based assessment. International
Journal of Environmental Research and Public Health, 18(5), 2331.

https://doi.ore/10.3390/ijerph18052331

*Rowe, R. M., & McKenna, F. P. (2001). Skilled anticipation in real-world tasks:
Measurement of attentional demands in the domain of tennis. Journal of Experimental

Psychology: Applied, 7(1), 60—67. https://doi.org/10.1037/1076-898x.7.1.60




50
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

Ruscio, J. (2008). A probability-based measure of effect size: Robustness to base rates and

other factors. Psychological Methods, 13(1), 19-30. https://doi.org/10.1037/1082-

989x.13.1.19
Russo, G., & Ottoboni, G. (2019). The perceptual-cognitive skills of combat sports athletes:
A systematic review. Psychology of Sport and Exercise, 44, 60—78.

https://doi.ore/10.1016/i.psychsport.2019.05.004

*Sakamoto, S., Takeuchi, H., Thara, N., Ligao, B., & Suzukawa, K. (2018). Possible
requirement of executive functions for high performance in soccer. PLOS ONE, 13(8),

Article €0201871. https://doi.org/10.1371/journal.pone.0201871

Sarmento, H., Anguera, M. T., Pereira, A., & Aratjo, D. (2018). Talent identification and
development in male football: a systematic review. Sports Medicine, 48(4), 907-931.

https://doi.org/10.1007/s40279-017-0851-7

*Schapschroer, M., Baker, J., & Schorer, J. (2016a). Effects of domain-specific exercise load
on speed and accuracy of a domain-specific perceptual-cognitive task. Human

Movement Science, 48, 121-131. https://doi.org/10.1016/1.humov.2016.05.001

*Schapschroer, M., Baker, J., & Schorer, J. (2016b). Exploring the interaction of physical
exercise load and pattern recall performance in female handball players. Experimental

Brain Research, 234(6), 1713—1723. https://doi.org/10.1007/s00221-016-4584-x

Scharfen, H., & Memmert, D. (2019). Measurement of cognitive functions in experts and
elite athletes: A metallanalytic review. Applied Cognitive Psychology, 33(5), 843—

860. https://doi.org/10.1002/acp.3526

*Schorer, J., Rienhoft, R., Fischer, L., & Baker, J. (2013). Foveal and peripheral fields of
vision influences perceptual skill in anticipating opponents’ attacking position in
volleyball. Applied Psychophysiology and Biofeedback, 38(3), 185-192.

https://doi.org/10.1007/s10484-013-9224-7




51
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

*Serpell, B. G., Ford, M., & Young, W. B. (2010). The development of a new test of agility
for rugby league. Journal of Strength and Conditioning Research, 24(12), 3270-3277.

https://doi.org/10.1519/s¢.0b013e3181b60430

Shaffer, D. R., & Kipp, K. (2014). Developmental psychology: Childhood and adolescence
(9th ed.). Wadsworth Cengage Learning.

*Shangguan, R., & Che, Y. (2018). The difference in perceptual anticipation between
professional tennis athletes and second-grade athletes before batting. Frontiers in

Psychology, 9, Article 1541. https://doi.org/10.3389/fpsyg.2018.01541

*Shao, M., Lai, Y., Gong, A., Yang, Y., Chen, T., & Jiang, C. (2020). Effect of shooting
experience on executive function: differences between experts and novices. PeerJ, 8,

€9802. https://doi.org/10.7717/peeri.9802

Silva, A. F., Conte, D., & Clemente, F. M. (2020). Decision-making in youth team-sports
players: A systematic review. International Journal of Environmental Research and

Public Health, 17(11), 3803. https://doi.org/10.3390/ijerph17113803

*Spittle, M., Kremer, P., & Hamilton, J. (2010). The effect of screen size on video 'based
perceptual decision making tasks in sport. International Journal of Sport and Exercise

Psychology, 8(4), 360-372. https://doi.org/10.1080/1612197x.2010.9671958

Starkes, J. L., & Ericsson, K. A. (2003). Expert performance in sports: Advances in research
on sport expertise. Human Kinetics

*Sterkowicz-Przybycien, K., Blecharz, J., Sterkowicz, S., & Luczynska, A. (2015). Attention
and acute judo-specific effort in athletes preparing for Olympic competition. Archives
of Budo, 11.

Swann, C., Moran, A., & Piggott, D. (2015). Defining elite athletes: Issues in the study of
expert performance in sport psychology. Psychology of Sport and Exercise, 16, 3-14.

https://doi.org/10.1016/.psychsport.2014.07.004




52
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

Takacs, Z. K., & Kassai, R. (2019). The efficacy of different interventions to foster children’s
executive function skills: A series of meta-analyses. Psychological Bulletin, 145(7),
653—-697. http://dx.doi.org/10.1037/bul0000195

*Timmerman, E. A., Savelsbergh, G. J. P., & Farrow, D. (2021). Examining the influence of
multiple performance characteristics on selection into a representative team in field
hockey. High Ability Studies, Advanced online publication.

https://doi.org/10.1080/13598139.2021.1885353

Tomporowski, P. D. (2003). The psychology of skill: A life-span approach. Praeger.

Travassos, B., Araujo, D., Davids, K., O’Hara, K., Leitdo, J., & Cortinhas, A. (2013).
Expertise effects on decision-making in sport are constrained by requisite response
behaviours — A meta-analysis. Psychology of Sport and Exercise, 14(2), 211-219.

https://doi.org/10.1016/i.psychsport.2012.11.002

*Vaeyens, R., Lenoir, M., Williams, A. M., Mazyn, L., & Philippaerts, R. M. (2007). The
effects of task constraints on visual search behavior and decision-making skill in

youth soccer players. Journal of Sport and Exercise Psychology, 29(2), 147-169.

https://doi.org/10.1123/jsep.29.2.147

*van de Water, T., Huijgen, B., Faber, 1., & Elferink-Gemser, M. (2017). Assessing cognitive
performance in badminton players: A reproducibility and validity study. Journal of

Human Kinetics, 55(1), 149-159. https://doi.org/10.1515/hukin-2017-0014

*van Maarseveen, M. J. J., Oudejans, R. R. D., Mann, D. L., & Savelsbergh, G. J. P. (2018).
Perceptual-cognitive skill and the in situ performance of soccer players. Quarterly
Journal of Experimental Psychology, 71(2), 455—-470.

https://doi.org/10.1080/17470218.2016.1255236




53
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

*Vansteenkiste, P., Vaeyens, R., Zeuwts, L., Philippaerts, R., & Lenoir, M. (2014). Cue usage

in volleyball: A time course comparison of elite, intermediate and novice female

players. Biology of Sport, 31(4), 295-302. https://doi.org/10.5604/20831862.1127288

*Vinttinen, T., Blomqvist, M., Luhtanen, P., & Hékkinen, K. (2010). Effects of age and
soccer expertise on general tests of perceptual and motor performance among
adolescent soccer players. Perceptual and Motor Skills, 110(3), 675—692.

https://doi.org/10.2466/pms.110.3.675-692

*Vater, C., Roca, A., & Williams, A. M. (2016). Effects of anxiety on anticipation and visual
search in dynamic, time-constrained situations. Sport, Exercise, and Performance

Psychology, 5(3), 179-192. https://doi.org/10.1037/spy0000056

*Vaughan, R. S., & Edwards, E. J. (2020). Executive function and personality: The
moderating role of athletic expertise. Personality and Individual Differences, 161,

109973. https://doi.org/10.1016/j.paid.2020.109973

*Vaughan, R. S., Hagyard, J. D., Brimmell, J., & Edwards, E. J. (2021). The effect of trait
emotional intelligence on working memory across athletic expertise. Journal of Sports

Sciences, 39(6), 629-637. https://doi.org/10.1080/02640414.2020.1840039

*Vaughan, R. S., & Laborde, S. (2021). Attention, working-memory control, working-
memory capacity, and sport performance: The moderating role of athletic expertise.
European Journal of Sport Science. Advanced online publication.

https://doi.org/10.1080/17461391.2020.1739143

*Vaughan, R., Laborde, S., & McConville, C. (2019). The eftect of athletic expertise and trait
emotional intelligence on decision-making. European Journal of Sport Science, 19(2),

225-233. https://doi.org/10.1080/17461391.2018.1510037




54
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

*Veale, J. P., Pearce, A. J., & Carlson, J. S. (2010). Reliability and validity of a reactive

agility test for Australian football. International Journal of Sports Physiology and

Performance, 5(2), 239-248. https://doi.org/10.1123/ijspp.5.2.239
*Verburgh, L., Scherder, E. J. A., Lange, P. A. M. van, & Oosterlaan, J. (2014). Executive
functioning in highly talented soccer players. PloS ONE, 9(3), Article €91254.

https://doi.org/10.1371/journal.pone.0091254

*Verburgh, L., Scherder, E. J. A., Lange, P. A. M. V., & Oosterlaan, J. (2016a). Do elite and
amateur soccer players outperform non-athletes on neurocognitive functioning? A
study among 8-12 year old children. PLOS ONE, 11(12), Article e0165741.

https://doi.org/10.1371/journal.pone.0165741

*Verburgh, L., Scherder, E. J. A., Lange, P. A. M. van, & Oosterlaan, J. (2016b). The key to
success in elite athletes? Explicit and implicit motor learning in youth elite and non-
elite soccer players. Journal of Sports Sciences, 34(18), 1782—1790.

https://doi.org/10.1080/02640414.2015.1137344

*Vestberg, T, Gustafson, R., Maurex, L., Ingvar, M., & Petrovic, P. (2012). Executive
functions predict the success of top-soccer players. PloS ONE, 7(4), Article e34731.

https://doi.org/10.1371/journal.pone.0034731

*Vestberg, T., Jafari, R., Almeida, R., Maurex, L., Ingvar, M., & Petrovic, P. (2020). Level of
play and coach-rated game intelligence are related to performance on design fluency

in elite soccer players. Scientific Reports, 10(1), 9852. https://doi.org/10.1038/s41598-

020-66180-w
*Vestberg, T, Reinebo, G., Maurex, L., Ingvar, M., & Petrovic, P. (2017). Core executive
functions are associated with success in young elite soccer players. PLOS ONE, 12(2),

Article e0170845. https://doi.org/10.1371/journal.pone.0170845




55
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

Viechtbauer, W. (2010). Conducting meta-analyses in R with the metafor package. Journal of

Statistical Software, 36(3), 1-48. https://doi.org/10.18637/js5.v036.103

*Vila-Maldonado, S., Sdez-Gallego, N. M., Abellén, J., & Garcia-Lopez, L. M. (2014).
Decision- making in volleyball block: Comparison between elite and amateur players
[Analisis de la toma de decisiones en la accion de bloqueo en voleibol: Comparacion
entre jugadoras de élite y amateur]. Revista de Psicologia del Deporte, 23(2), 239—
246.

Voss, M. W, Kramer, A. F., Basak, C., Prakash, R. S., & Roberts, B. (2010). Are expert
athletes ‘expert’ in the cognitive laboratory? A metallanalytic review of cognition and
sport expertise. Applied Cognitive Psychology, 24(6), 812—826.

https://doi.org/10.1002/acp.1588

Wattie, N., Schorer, J., & Baker, J. (2015). The relative age effect in sport: A developmental
systems model. Sports Medicine, 45(1), 83—94. https://doi.org/ 10.1007/s40279-014-
0248-9

*Weissensteiner, J., Abernethy, B., Farrow, D., & Miiller, S. (2008). The development of
anticipation: A cross-sectional examination of the practice experiences contributing to
skill in cricket batting. Journal of Sport and Exercise Psychology, 30(6), 663—684.

https://doi.org/10.1123/isep.30.6.663

Walton, C. C., Keegan, R. J., Martin, M., & Hallock, H. (2018). The Potential Role for
Cognitive Training in Sport: More Research Needed. Frontiers in Psychology, 9,

Article 1121. https://doi.org/10.3389/tpsye.2018.01121

*Ward, P., & Williams, A. M. (2003). Perceptual and Cognitive Skill Development in Soccer:
The Multidimensional Nature of Expert Performance. Journal of Sport and Exercise

Psychology, 25(1), 93—111. https://doi.org/10.1123/jsep.25.1.93




56
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

*Whitaker, M. M., Pointon, G. D., Tarampi, M. R., & Rand, K. M. (2020). Expertise effects
on the perceptual and cognitive tasks of indoor rock climbing. Memory & Cognition,

48(3), 494-510. https://doi.org/10.3758/s13421-019-00985-7

*Williams, A. M., & Davids, K. (1998). Visual Search Strategy, Selective Attention, and
Expertise in Soccer. Research Quarterly for Exercise and Sport, 69(2), 111-128.

https://doi.org/10.1080/02701367.1998.10607677

*Williams, M., & Davids, K. (1995). Declarative Knowledge in Sport: A By-Product of
Experience or a Characteristic of Expertise? Journal of Sport and Exercise

Psychology, 17(3), 259-275. https://doi.org/10.1123/jsep.17.3.259

Williams, A. M., Ford, P. R., & Drust, B. (2020). Talent identification and development in
soccer since the millennium. Journal of Sports Sciences, 38(11-12), 1199-1210.
https://doi.org/10.1080/02640414.2020.1766647

*Williams, A. M., Ward, P., Bell[ /Walker, J., & Ford, P. R. (2012). Perceptual [ Icognitive
expertise, practice history profiles and recall performance in soccer. British Journal of

Psychology, 103(3), 393—411. https://doi.org/10.1111/1.2044-8295.2011.02081.x

*Williams, A. M., Ward, P., Knowles, J. M., & Smeeton, N. J. (2002). Anticipation skill in a
real-world task: Measurement, training, and transfer in tennis. Journal of

Experimental Psychology: Applied, 8(4), 259-270. https://doi.org/10.1037/1076-

898x.8.4.259

*Woods, C. T., Raynor, A. J., Bruce, L., & McDonald, Z. (2016). Discriminating talent-
identified junior Australian football players using a video decision-making task.
Journal of Sports Sciences, 34(4), 342-347.

https://doi.org/10.1080/02640414.2015.1053512

*Woods, C. T., Raynor, A. J., Bruce, L., McDonald, Z., & Robertson, S. (2016). The

application of a multi-dimensional assessment approach to talent identification in



GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT
Australian football. Journal of Sports Sciences, 34(14), 1340—1345.

https://doi.org/10.1080/02640414.2016.1142668

57



58
GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

Table 1

Overview and definition of moderators.

Level Definition

Cognitive construct
Basic cognitive Cognitive functions requiring mainly one cognitive capacity and
functions developing first are considered “basic” cognitive functions, e.g.,

functions like processing speed, attention and short/long term memory.

Higher cognitive Functions that coordinate more than one basic cognitive function
functions and/or involve more than one cognitive capacity are referred to as
“higher” cognitive functions, e.g., executive functions (namely
working memory capacity and updating, inhibition and shifting). Such

higher functions are often required to solve complex sports tasks.

Cognitive Skill to choose among action options, comprising judgment, decision-
decision-making making and anticipation tasks.
skills
Stimuli
General Stimuli not displaying sports movement/movement sequences and/or a
sport situation, but schematic presentations of sport situation fall in

this category.

Sport-specific Stimuli displaying a sports movement/movement sequences and/or a
sport situation, e.g., pictures or videos but not the schematic

presentations of a sport situation.

Response
General Response formats displaying sport movements/situations but still
asking the participants to draw/mark/highlight their response, e.g., by
marking player positions, possible options how to play or else, are not
considered sport-specific because the response itself does not involve

the specific movement
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Sport-specific Responses requiring the participants to perform a movement as if they

were in a real sport situation.
Age group
Late childhood Average age of athletes is 8-13 years.
Adolescence Average age of athletes is 14-17 years.
Adulthood Average age of athletes is over 18 years.
Study design

Cross-sectional Cognitive and performance level data is collected at or around the

same point in time.

Prospective Cognitive data is clearly collected before the collection of

performance level data.
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Table 2

Summary of study characteristics.

60

Basic Higher Cognitive
cognitive cognitive decision-
Variable Total function function making skills
Number of studies® 142 57 39 80
Number of effect sizes 1227 275 320 632
Number of participants 8860 4276 3393 4145
Number of females® 1442 (16%) 623 (15%) 696 (21%) 575 (14%)
Mean Age (years) 19.0 18.7 18.4 19.7
First publication year 1995 1995 2005 1995
Publication year 2016 2015 2017 2014.5
median
Type of stimuli
General 51 (36%) 36 (63%) 31 (79%) 3 (4%)
Specific 80 (56%) 13 (23%) 7 (18%) 70 (88%)
Both 11 (8%) 8 (14%) 1 (3%) 7 (9%)
Type of response
General 110 (77%) 47 (82%) 37 (95%) 55 (69%)
Specific 27 (19%) 6 (11%) 0 (0%) 21 (26%)
Both 5 (4%) 4 (7%) 2 (5%) 4 (5%)
Combined stimuli and response
General 57 (36%) 40 (62%) 32 (82%) 5 (6%)
Mixed 75 (47%) 21 (32%) 7 (18%) 57 (67%)
Specific 27 (17%) 4 (6%) 0 (0%) 23 (27%)
Age group®
Late Childhood 13 (9%) 6 (10%) 5 (13%) 6 (7%)
Adolescence 25 (17%) 5 (6%) 9 (23%) 15 (18%)
Adulthood 109 (74%) 57 (67%) 25 (64%) 61 (74%)
Study design
Cross-sectional 131 (92%) 54 (95%) 74 (92%) 32 (82%)
Prospective 5 (4%) 2 (4%) 4 (5%) 3 (8%)
Both 6 (4%) 1 (2%) 4 (10%) 2 (2%)
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Continent
Africa 2 (1%) 2 (3%) 1 (3%) 0 (0%)
Asia 10 (7%) 5(8%) 6 (15%) 2 (2%)
Europe 97 (67%) 43 (73%) 29 (74%) 51 (64%)
North America 10 (7%) 3 (5%) 0 (0%) 7 (9%)
Oceania 24 17%) 5(8%) 3 (8%) 20 (25%)
South America 1 (1%) 1 (2%) 0 (0%) 0 (0%)

230 of the studies contained data for multiple cognitive constructs (Basic cognitive
function—Higher cognitive function, k = 18; Basic cognitive function—Cognitive decision-
making skills, £ = 5; Higher cognitive function—Cognitive decision-making skills, &£ = 3; All
three constructs, k = 4).

b 27 studies did not specify gender of participants.

¢ 4 studies contained multiple age groups (Late childhood—Adolescence, k = 2;
Adolescence—Adulthood, £ = 1; All three age groups, k= 1).

4 One study contained participants from Europe, North America, and Oceania.
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Table 3

Commercial cognitive tests used in the literature.

Cognitive test

Studies

Cambridge Automated Neuropsychological Test Battery
(CANTAB)

Cognifoot
CogState Sports

Delis-Kaplan Executive Function System (D-KEFS)

Test2drive system
Wechsler Intelligence Scale for Children III (WISC-III)
Vienna test system

Wisconsin Card sorting test (WCST)

Hagyard et al., 2021
Vaughan & Edwards, 2020
Vaughan et al., 2021
Vaughan & Laborde, 2021
Vaughan et al., 2019
Hicheur et al., 2017
Vestberg et al., 2017
Vestberg et al., 2020
Alarcon et al., 2017
Elferink-Gemser et al., 2018
Huijgen et al., 2015
Ishihara et al., 2019
Lundgren et al., 2016
Sakamoto et al. 2018
Vestberg et al., 2012
Vestberg et al., 2017
Vestberg et al., 2020
Przednowek et al., 2019
Verburgh et al., 2016a
Balakova et al., 2015

Han et al., 2011
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Table 4
Risk of bias.

Selection of  Confounding = Measurement Blinding of Incomplete Selective
Risk of participants variables of exposure outcome outcome data outcome
Bias assessments reporting

Basic cognitive functions
Low 39 (16%) 21 (9%) 57 (23%) 56 (23%) 17 (7%) 56 (23%)
Unclear 3 (7%) 0 (0%) 0 (0%) 1 (2%) 40 (91%) 0 (0%)
High 15 (29%) 36 (69%) 0 (0%) 0 (0%) 0 (0%) 1 (2%)
Higher cognitive functions
Low 23 (14%) 16 (10%) 39 (23%) 37 (22%) 13 (8%) 39 (23%)
Unclear 4 (14%) 0 (0%) 0 (0%) 2 (7%) 23 (79%) 0 (0%)
High 12 (32%) 23 (61%) 0 (0%) 0 (0%) 3 (8%) 0 (0%)
Cognitive decision-making skills
Low 57 (17%) 37 (11%) 80 (23%) 78 (23%) 16 (5%) 77 (22%)
Unclear 8 (11%) 0 (0%) 0 (0%) 2 (3%) 62 (86%) 0 (0%)
High 15 (24%) 43 (68%) 0 (0%) 0 (0%) 2 (3%) 3 (5%)
Total

Low 94 (15%) 58 (10%) 142 (23%) 140 (23%) 38 (6%) 138 (23%)
Unclear 13 (11%) 0 (0%) 0 (0%) 2 (2%) 99 (87%) 0 (0%)

High 35 (27%) 84 (66%) 0 (0%) 0 (0%) 5 (4%) 4 (3%)
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Table 5

Moderator analysis.

Basic cognitive Higher cognitive Cognitive decision-
functions functions making skills
Moderator g 95% CI g 95% CI g 95% CI

Cognitive construct
0.39 [0.21,0.56] 0.44 [0.26,0.62] 0.77 [0.60, 0.94]

only
Stimuli
General 0.28 [0.03,0.53] 0.34 [0.12,0.56] 0.26 [—0.08, 0.60]
Specific 0.58 [0.31,0.85] 0.64 [0.40,0.89] 0.84 [0.67, 1.01]
Response
General 0.36 [0.18,0.54] 0.42 [0.25,0.59] 0.70 [0.52, 0.88]
Specific 049 [-0.12,1.09] -- -- 1.04 [0.66, 1.42]
Age group
Late childhood 0.33 [0.06,0.60] 0.43 [0.08,0.79] 0.40 [—0.09, 0.89]
Adolescence 0.39 [0.14,0.64] 0.47 [0.26,0.68] 0.49 [0.25, 0.73]
Adulthood 0.38 [0.14,0.62] 0.40 [0.08,0.62] 0.90 [0.72, 1.09]
Design
Cross-sectional 0.38 [0.19,0.57] 0.43 [0.24,0.62] 0.81 [0.62, 0.99]
Prospective 0.32 [—0.04,0.68] 0.39 [0.16,0.62] 0.44 [0.10, 0.78]

Note. Positive effect size indicates that higher-skilled athletes outscore lower-skilled athletes

in cognitive tasks. CI = Confidence interval, g = Hedges’ g.
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Figure 1

Flow of study reports into the research synthesis.
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Figure 2

Funnel plots for (A) all effect sizes and (B-D) each cognitive construct.

Note. Positive effect size indicates that higher-skilled athletes outscore lower-skilled athletes
in cognitive tasks. Dependence between effect sizes clustered within the same study is not

represented in the figures.
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Figure 3

Post-hoc subgroup analysis for combinations of cognitive constructs and specificity of tests.

Note. Positive effect size indicates that higher-skilled athletes outscore lower-skilled athletes
in cognitive tasks; CLES represents the chance that a randomly selected higher-skilled athlete
will outscore a randomly selected lower-skilled athlete. CI = Confidence interval, CLES =

Common language effect size, g = Hedges’ g.
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Appendix A

Search strategy.

Database  Full search term Filters
Cochrane  (cognitive OR executive function OR executive - Trials
library functions OR attention OR memory OR inhibitory

control OR inhibition OR anticipation OR decision
making OR reaction time) AND (sport OR sports
OR athlete OR athletes OR player OR players)
AND (expert OR experts OR elite OR talent OR
talented OR professional)

PsychInfo AB,TLSU((cognitive OR executive function OR - Human

through executive functions OR attention OR memory OR

ProQuest  inhibitory control OR inhibition OR anticipation
OR decision making OR reaction time) AND
(sport OR sports OR athlete OR athletes OR player
OR players) AND (expert OR experts OR elite OR
talent OR talented OR professional))

Pubmed (“cognitive”’[ Title/Abstract] OR (“executive - Humans
function”’[MeSH Terms] OR
(“executive”[Title/Abstract] AND
“function”[Title/Abstract]) OR “executive
function”[Title/Abstract]) OR (“executive
function”’[MeSH Terms] OR
(“executive”[Title/Abstract] AND
“function”[Title/Abstract]) OR “executive
function”[ Title/Abstract] OR
(“executive”[Title/Abstract] AND
“functions”[Title/Abstract]) OR “executive
functions™[Title/Abstract]) OR (“attention”[MeSH
Terms] OR “attention”[Title/Abstract]) OR
(“memory”’[MeSH Terms] OR
“memory’’[Title/Abstract]) OR
(inhibitory[ Title/Abstract] AND
“control”[Title/Abstract]) OR (“inhibition
(psychology)”’[MeSH Terms] OR
(“inhibition’[ Title/Abstract] AND
“(psychology)”’[Title/Abstract]) OR “inhibition
(psychology)”’[ Title/Abstract] OR
“inhibition”[ Title/Abstract]) OR
“anticipation”[Title/Abstract] OR (“decision
making”[MeSH Terms] OR
(“decision”[Title/Abstract] AND
“making”[ Title/Abstract]) OR “decision
making”[Title/Abstract]) OR (“reaction
time”’[MeSH Terms] OR
(“reaction”[Title/Abstract] AND
“time”’[ Title/Abstract]) OR “reaction
time”[Title/Abstract])) AND ((“sports”’[MeSH
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Web of
Science
Core
Collection
(SCI-
EXPAND
ED, SSCI,
ESCI,
CPCI-S,
CPCI-
SSH,
A&HCI,
BKCI-
SSH,
BKCI-S)

Terms] OR “sports”[ Title/Abstract] OR

“sport”’[ Title/Abstract]) OR (“sports”’[MeSH
Terms] OR “sports”[Title/Abstract]) OR
(“athletes”’[MeSH Terms] OR

“athletes”[ Title/Abstract] OR

“athlete”[ Title/Abstract]) OR (“athletes”’[MeSH
Terms] OR “athletes”[Title/Abstract]) OR
player[Title/Abstract] OR players[Title/Abstract])
AND (expert[Title/Abstract] OR

experts[ Title/Abstract] OR elite[ Title/Abstract] OR
(“aptitude”[MeSH Terms] OR
“aptitude”’[Title/Abstract] OR

“talent”’[ Title/Abstract]) OR

talented[ Title/Abstract] OR

professional[ Title/Abstract])

TS=((cognitive OR executive function OR
executive functions OR attention OR memory OR
inhibitory control OR inhibition OR anticipation
OR decision making OR reaction time) AND
(sport OR sports OR athlete OR athletes OR player
OR players) AND (expert OR experts OR elite OR
talent OR talented OR professional))
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Appendix B

Study characteristics of studies containing tests of basic cognitive functions.

Age

Study n M+ SD Performance Hedges’ g
Author (year) Design Country Sport (f%) (range) Age group Test type Stimuli Response type [95% CI]
Bahia Loureiro & Cross- Brazil Badminton 24 24 +5 Adulthood Visual attention General General Individual 0.39
Barbosa de Freitas sectional (0%) (18-32) level [0.05, 0.73]
(2012)
Balakova et al. (2015) Cross- Czech Soccer 91 13 Late Vienna test system General General Coach rating -0.04

sectional Republic (0%) (13-13) childhood [-0.20, 0.11]
Boschker et al. (2002) Cross- Netherlands  Climbing 9 29+ 6 Adulthood Physical recall model Specific General Individual 0.85

sectional (22%) ranking [-2.14, 3.84]
Chung & Ng (2012)  Cross- China Taekwondo 40 20+2 Adulthood Audio attention General General Individual -1.28

sectional (38%) (18-24) Visual attention Specific Specific level [-2.43,-0.14]

Image sport
simulation

Didierjean & Cross- France Basketball 42 23+3 Adulthood Image recognition General General Team level -0.33
Marmeche (2005) sectional (83%) [-0.91, 0.25]
Study 1
Didierjean & Cross- France Basketball 28 26 £7 Adulthood Image recognition General General Team level 0.21
Marmeche (2005) sectional (71%) [-0.28, 0.71]
Study 2
Duncan et al. (2018)  Cross- United Futsal 23 29+5 Adulthood Flanker test General General Team level 0.17

sectional Kingdom (0%) [-0.65, 0.99]
Ehmann et al. (2022)  Cross- Germany Soccer 292 15+3 Late Multiple object General General Team level 0.28

sectional 0% childhood  tracking [0.04, 0.52]

Adolescence
Adulthood

Estevan & Falco Cross- Spain Taekwondo 33 25+ 6 Adulthood Live sport simulation General Specific Individual 2.36
(2013) sectional (0%) ranking [1.82,2.89]
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Falco et al. (2013)
Gabbett & Benton
(2009)

Gabbett et al. (2011)
Garcia-Gonzalez et al.
(2012)

Gierczuk et al. (2018)
Gonzalez et al. (2017)
Gorman et al. (2011)
Grigore et al. (2015)
Gutierrez-Davila et al.
(2013)

Guzman et al. (2008)

Han et al. (2011)

Heilmann (2021)

Hicheur et al. (2017)

Holfelder et al. (2020)

Cross-
sectional

Cross-
sectional

Prospective

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Spain
Australia
Australia
Spain
Poland
United
Kingdom
Australia
Romania
Spain
Spain
South Korea

Germany

Switzerland

Germany

Taekwondo
Rugby
Rugby
Tennis
Wrestling
Archery
Basketball
Tennis
Fencing
Orienteering
Baseball

Soccer

Climbing

Soccer

Athletics
Handball

49
(29%)

69

86

12

20
(0%)

20
(35%)
24
(0%)
12
(0%)
30
(0%)
39
(0%)
70
(0%)

19
(47%)

46
(4%)

86
(50%)

25+6

24+5

23 +4

16+2

21+£2

29+ 12

(15-17)
30+11
28+9

(16-55)

28+4

24 +4
(18-31)

13+£1
(11-16)

14+1
(13-15)

Adulthood

Adulthood

Adulthood

Adolescence

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Late
childhood

Adolescence

Live sport simulation
Reactive agility test
Reactive agility test
Verbal report
Visual attention
Computer sport
simulation

Image recognition
Image recognition
Real-world sport
simulation
Questionaire

Trail Making Test

Stroop test

Corsi block-tapping
test

Trail Making Test
Real-world recall

Cognifoot

0-back
Flanker test

General
Specific
Specific
Specific
General
Specific
General
Specific
General
General
Specific
General

General

General
Specific

General

General

Specific

Specific

Specific

General

General

General

General

General

Specific

General

General

General

Specific

General

Individual
ranking

Team level

Coach
selection

Individual
ranking

Individual
ranking

Individual
level

Individual
level

Individual
ranking

Individual
level

Individual
level

Coach
selection

Individual
level

Coach rating

Individual
level

71

0.10
[-0.23, 0.42]

0.57
[0.21,0.93]

0.02
[-0.30, 0.34]

1.04
[0.49, 1.59]

1.28
[0.33,2.22]

0.00
[-0.62, 0.62]

0.31
[-0.12, 0.74]

0.34
[-0.80, 1.48]

-0.18
[-0.69, 0.33]

0.61
[0.25, 0.97]

-0.02
[-0.66, 0.61]

0.17
[-0.77, 1.12]

0.81
[0.38, 1.23]

0.17
[-0.04, 0.39]
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Huijgen et al. (2015)

Hiittermann et al.
(2019)

Kajtna et al. (2012)
Kruger et al. (2019)
Laby et al. (2018)
Loveccio et al. (2021)
Maclntyre et al.

(2002)
Millard et al. (2020)

Moreau et al. (2011)

Ottoboni et al. (2015)
Patdcs et al. (2016)
Przednowek et al.

(2019)
Qiu et al. (2018)

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Netherlands

Germany

Slovenia

South Africa

USA

Italy

Various

South Africa

France

Italy

Hungary

Poland

China

Soccer

Soccer

Handball

Rugby

Baseball

Soccer

Canoe slalom

Rugby

Fencing
Judo
Wrestling

Boxing
Fencing

Handball

Basketball

88
(0%)

24
(0%)

46
(0%)
79
(0%)
450
(0%)
68
0%
31
(29%)

80
(0%)

60
(50%)

21
(0%)

71
(45%)
40
(0%)

42
(0%)

15+1
(13-17)

2444
(19-32)

23+4

25+4
(19-37)

8+0

2445
(17-31)

2645
(19-35)

23
(18-29)

23+4
(17-32)

2746
(18-40)

24 +4

2142
(18-26)

Adolescence

Adulthood

Adulthood

Adulthood

Adulthood

Late

childhood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Trail Making Test

D-KEFS:
Trail making Test
Stop-Signal Task

Visual attention:
response accuracy

Visual attention

Memory
Digit span recall test

Visual attention

Stroop test

Mental rotation task

Visual attention
Memory: Response
accuracy

Mental rotation task
Image recognition
Vienna Test System:
Determination test

Test2Drive system

Multiple object
tracking

General

General

General

General

General

General

General

General

General

Specific

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

Individual
level

Team level
Coach rating
Team level
Performance
Team level
Individual

level

Team level

Individual
level

Individual
level

Individual
level

Team level

Team level

72

0.20
[-0.10, 0.50]

0.59
[-0.23, 1.41]

0.12
[-0.29, 0.05]

-0.03
[-0.38, 0.33]

0.43
[0.35,0.51]

0.76
[0.40, 1.12]

0.33
[-0.40, 1.05]

1.09
[-0.01, 2.19]

1.69
[1.10, 2.29]

-0.63
[-1.40, 0.14]

0.25
[-0.16, 0.66]

0.08
[-0.23, 0.40]

0.75
[0.14, 1.37]
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Ripoll et al. (1995)

Roca et al. (2013)
Study 2

Cross-
sectional

Cross-
sectional

Sakamoto et al. (2018) Prospective

Schapschroer et al.
(2016a)

Schapschroer et al.
(2016b) Study 1

Schapschroer et al.
(2016b) Study 2

Shao et al. (2020)

Sterkowicz-
Przybycien et al.
(2015)

Viénttinen et al. (2010)
Vaughan et al. (2021)

Vaughan & Laborde
(2021)

Veale et al. (2010)

Verburgh et al. (2014)

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

France
United
Kingdom
Japan
Germany
Germany
Germany

China

Poland

Finland
United

Kingdom

United
Kingdom

Australia

Netherlands

Savate
Soccer
Soccer
Handball
Handball
Handball
Clay pigeon
shooting
Judo

Soccer

Various

Basketball

Australian
Football

Soccer

12

24
(0%)

383
(0%)

21
(100%)

21
(100%)

23
(100%)

20
(25%)

23
(26%)

100
(0%)

341
(30%)

359
(45%)

40

126
(0%)

26
(20-33)
24 + 4
101
(8-11)
21+4
2443
2243

24+6

23+£3

<16

21+£2

19+1

12+2

Adulthood

Adulthood

Late

childhood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adolescence

Adulthood

Adulthood

Adolescence

Adolescence

Computer sport
simulation

Verbal report

D-KEFS: Stroop test

Memory

Memory

Memory

Flanker test

d2 Test of attention

Visual attention

CANTAB: Spatial
Span test

CANTAB:
Match to Sample
Rapid Visual
Information Task

Reactive agility test

Stop signal task
Attention Network
Test

Visiospatial memory

Specific

Specific

General

Specific

Specific

Specific

General

General

General

General

General

Specific

General

General

Specific

General

General

General

General

General

General

General

General

General

Specific

General

Individual
level

Individual
level

Coach
selection

Team level

Team level

Team level

Individual
level

Individual
level

Coach
selection

Individual
level

Individual
level

Coach
selection

Individual
level

73

0.12
[-0.51, 0.75]

0.95
[0.37, 1.54]

0.18
[0.03, 0.32]

0.17
[-0.15, 0.48]

112
[0.46, 1.78]

0.21
[-0.37, 0.80]

-0.16
[-0.53, 0.20]

0.32
[-0.01, 0.66]

-0.11
[-0.39, 0.17]

0.10
[-0.02, 0.22]

1.35
[0.98, 1.73]

0.95
[0.48, 1.41]

0.02
[-0.31, 0.36]
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Verburgh et al. Cross-
(2016a) sectional
Vestberg et al. (2012) Cross-
sectional
Vestberg et al. (2017) Cross-
sectional
Vestberg et al. (2020) Cross-
sectional
Ward & Williams Cross-
(2003) sectional
Whitaker et al. (2020)
Study 2
Williams & Davids Cross-
(1998) sectional
Williams & Davids Cross-
(1995) sectional

Netherlands

Sweden

Sweden

Sweden

United
Kingdom

USA

United
Kingdom

United
Kingdom

11+£1

24+4

15
(12-19)

2545
(17-35)

130

28+7

(40%) (20-45)

Soccer 117
(0%)
Soccer 57
(46%)
Soccer 30
(0%)
Soccer 51
(63%)
Soccer 137
(0%)
Climbing 20
Soccer 24
(0%)
Soccer 24

23+4

24+ 4

Late
childhood

Adulthood

Adolescence

Adulthood

Late
childhood
Adolescence

Adulthood

Adulthood

Adulthood

Stop signal task
Visiospatial memory
Attention Network
Test

D-KEFS:
Stroop test
Trail making Test

CogStateSports
D-KEFS:

Stroop test

Trail making Test

CogStateSports
D-KEFS:

Stroop test

Trail making Test

Visual attention
Memory: Response
accuracy

Corsi block-tapping
test
Visual attention

Choice reaction test

Choice reaction test

General

General

General

General

Specific

General
Specific

General

General

General

General

General

General

General

General

General

General

Individual
level

Team level

Performance

Individual
level

Coach rating
Performance

Team level

Individual
ranking

Individual
level

Individual
level

74

0.05
[-0.66, 0.76]

0.56
[0.18, 0.93]

0.33
[0.12, 0.54]

-0.02
[-0.50, 0.46]

0.36
[-0.44, 1.15]

0.54
[0.14, 0.95]

-0.67
[-1.79, 0.46]

0.02
[-0.62, 0.65]

Note. Positive effect size indicates that higher-skilled athletes outscore lower-skilled athletes in cognitive tasks. CI = Confidence interval, f % =

Percent of participants that were female, M = mean, SD = standard deviation.
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Appendix C

Study characteristics of studies containing tests of higher cognitive functions.

Age
Study n M+ SD Hedges’ g

Author (year) Design Country Sport (f%) (range) Agegroup  Test type Stimuli Response Performance type [95% CI]
Alarcoén et al. Cross- Spain Basketball 34 23+3  Adulthood D-KEFS: General General Team level 0.46
(2017) sectional (0%) Design fluency test [-0.25, 1.16]

Stroop test
Baldkovaetal.  Cross- Czech Soccer 91 13 Late Vienna test system General General Coach rating -0.44
(2015) sectional Republic (0%) (13-13) childhood [-0.86, -0.02]
Cona et al. Cross- Italy Ultra 30 43+9 Adulthood Go/Nogo test General General Performance 0.21
(2015) sectional Marathon (0%) N-back: 2-back [-0.22, 0.64]
Duncan et al. Cross- United Futsal 23 29+5 Adulthood Flanker test General General Team level 0.35
(2018) sectional Kingdom (0%) [-0.47, 1.18]
Elferink-Gemser Cross- Netherlands Table tennis 60 164 Adolescence D-KEFS: General General Individual 0.37
etal. (2018) sectional (60%) Design fluency test ranking [0.00, 0.73]

Stroop test

Trail making test
Farrow et al. Cross- Australia Rugby 35 26 £4 Adulthood Video temporal Specific General Team level 1.18
(2010) sectional -- occlusion [0.67, 1.70]
Gabbett et al. Prospective  Australia Rugby 86 23+4 Adulthood Video temporal Specific General Coach selection 0.07
(2011) -- occlusion [-0.32, 0.45]
Garcia-Gonzalez Cross- Spain Tennis 12 16 £2 Adolescence Verbal report Specific General Individual 0.99
et al. (2012) sectional -- ranking [0.56, 1.41]
Hagyard et al. Cross- United Various 69 21+6 Adulthood CANTAB: Stop-Signal General General Individual level 0.59
(2021) Study 1 sectional Kingdom (54%) Task [0.42, 0.75]
Hagyard et al. Cross- United Basketball 91 20+1 Adulthood CANTAB: Stop-Signal General General Individual level 0.67
(2021) Study 2 sectional Kingdom Rugby (32%) Task Coach rating [0.52,0.81]

Prospective Soccer
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Han et al. (2011)

Heilmann (2021)

Holfelder et al.
(2020)

Huijgen et al.
(2015)

Ishihara et al.
(2019)

Kajtna et al.
(2012)

Kida et al. (2005)

Kruger et al.
(2019)

Loveccio et al.
(2021)

Lu et al. (2021)

Lundgren et al.
(2016)

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectiona
Prospective

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional
Prospective

South Korea Baseball

Soccer
Germany Climbing
Germany Athletics

Handball
Netherlands  Soccer
Japan Tennis
Slovenia Handball
Japan Baseball

Tennis

South Africa Rugby

Italy Soccer

China Archery
Shooting

Sweden Ice hockey

70
(0%)

19
(47%)

86
(50%)

88
(0%)

40
(50%)

46
(0%)

61
(0%)
79
(0%)
68
0%
111
(41%)

48
(0%)

28+4

24 +4
(18-31)

1441
(13-15)

15+ 1
(13-17)

13£2
(9-15)

23+4
242
25+4
(19-37)
8+ 0
245

(14-40)
24+£5

Adulthood

Adulthood

Adolescence

Adolescence

Late
childhood

Adulthood

Adulthood

Adulthood

Late

childhood

Adulthood

Adulthood

Trail Making Test
Wisconsin Card
Sorting Test

Stroop test

Trail Making Test
Wisconsin Card
Sorting Test

N-back: 1- and 2-back
Flanker test
Trail Making Test

D-KEFS:
Backward Visual
Memory Span
Design fluency test
Trail making Test
Stop-Signal Task

D-KEFS: Design
fluency test

Test of Series
Go/Nogo test
Stroop test
Stroop test

Flanker test

D-KEFS:
Design fluency test
Trail Making Test

General

General
Specific

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

Coach selection

Individual level

Individual level

Individual level

Individual
competitive
ranking

Coach rating
Coach rating
Team level
Team level
Team level

Individual level

Team level
Performance
Coach rating

76

0.31
[-0.06, 0.69]

0.31
[-0.06, 0.69]

0.18
[0.01, 0.36]

0.49
[0.28,0.71]

0.69
[0.23, 1.14]

0.02
[-0.40, 0.43]

0.35
[0.10, 0.61]

-0.02
[-0.50, 0.46]

0.93
[0.57, 1.29]

0.52
[0.25, 0.79]

0.26
[-0.04, 0.56]
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North et al.
(2017)

O'Connor et al.
(2016)

Perciavalle et al.
(2014)

Przednowek et
al. (2019)

Roca et al.
(2013) Study 2

Sakamoto et al.
(2018)

Shao et al.
(2020)

van de Water et
al. (2017)

van Maarseveen
etal. (2018)

Vaughan &
Edwards (2020)

Vaughan et al.
(2021)

Vaughan &
Laborde (2021)

Cross-
sectional

Prospective

Cross-
sectional

Cross-
sectional

Cross-
sectional

Prospective

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

United
Kingdom
Australia
Italy
Poland
United
Kingdom
Japan

China

Netherlands

Netherlands

United
Kingdom

United
Kingdom

United
Kingdom

Soccer

Soccer

Swimming

Handball

Soccer

Soccer

Clay pigeon
shooting

Badminton

Soccer

Various

Various

Basketball

23

127
(0%)

21
(0%)
40
(0%)
24
(0%)

383
(0%)

20
(25%)

24
(0%)

22
(100%)

278
(43%)

341
(30%)

359
(45%)

21+£2
15+0
20+2
(16-24)
24+ 4

24+ 4

10£1
(8-11)

24+6

25+7

16 +1

22+£2

21+£2

19+1

Adulthood

Adolescence

Adulthood

Adulthood

Adulthood

Late
childhood

Adulthood

Adulthood

Adolescence

Adulthood

Adulthood

Adulthood

Animated temporal
occlusion

Video temporal
occlusion

Tower of London test

Test2Drive system

Verbal report

D-KEFS:
Stroop test
Design fluency test

Flanker test

Stop signal task

Video temporal
occlusion

CANTAB:
Intra-Extra
Dimensional Set
Shift Test
Stop-Signal task
Spatial Working-
Memory test

CANTAB: Spatial
Working-Memory test

CANTAB:
Visual Search Task
Spatial Span test

Specific

Specific

General

General

Specific

General

General

General

Specific

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

Individual level

Coach selection

Performance

Team level

Individual level

Coach selection

Individual level

Individual level
Individual
competitive
ranking

Performance

Individual level

Individual level

Individual level

77

1.47
[0.37, 2.57]

0.13
[-0.22, 0.49]

0.89
[-0.01,1.79]

0.05
[-0.18, 0.27]

1.61
[0.82, 2.39]

0.24
[0.09, 0.39]

0.50
[0.13, 0.87]

0.40
[0.02, 0.79]

-0.33
[-0.93, 0.26]

0.30
[0.13, 0.47]

0.65
[0.37, 0.92]

0.46
[0.18, 0.74]
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Verburgh et al.

(2014)

Verburgh et al.

(2016a)

Verburgh et al.

(2016b)

Vestberg et al.
(2012)

Vestberg et al.
(2017)

Vestberg et al.
(2020)

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional
Prospective

Cross-
sectional

Cross-
sectional

Netherlands

Netherlands

Netherlands

Sweden

Sweden

Sweden

Soccer

Soccer

Soccer

Soccer

Soccer

Soccer

126
(0%)

117
(0%)

44
(18%)

57
(46%)

30
(0%)

51
(63%)

12+2

11+1

12+1

24 +4

15
(12-19)

2545
(17-35)

Adolescence

Late
childhood

Adolescence

Adulthood

Adolescence

Adulthood

Spatial Working-
Memory test

Stop signal task
Flanker test
Visiospatial memory

Stop signal task
Visiospatial memory
WISC 11T

Flanker test

Serial Reaction Time
Task

D-KEFS:
Design fluency test
Stroop test
Trail making Test

CogStateSports
D-KEFS:
Design fluency test
Stroop test
Trail making Test

CogStateSports
D-KEFS:
Design fluency test
Stroop test
Trail making Test

General

General

General

General

General

General

General

General

General

General

General

General

Individual level

Individual level

Team level

Team level

Performance

Performance

Individual level
Coach rating
Performance

78

0.44
[0.07, 0.81]

0.29
[-0.18, 0.75]

0.18
[-0.11,0.47]

0.79
[0.50, 1.08]

0.44
[0.27, 0.62]

0.39
[0.25, 0.52]

Note. Positive effect size indicates that higher-skilled athletes outscore lower-skilled athletes in cognitive tasks. CI = Confidence interval, f % =

Percent of participants that were female, M = mean, SD = standard deviation.
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Appendix D

Study characteristics of studies containing tests of cognitive decision-making skills.

79

Age
Study n M+ SD Performance Hedges’ g
Author (year) Design Country Sport (f%) (range) Agegroup  Test type Stimuli Response type [95% CI]
Aragjo et al. (2005) Cross- Portugal Sailing 35 23+£5 Adulthood Computer sport Specific General Individual 0.19
sectional (26%) (17-40) simulation ranking [-0.05, 0.42]
Bennet et al. (2020) Cross- Australia Soccer 165 14+1 Late Video temporal ~ Specific General Team level -0.15
sectional (0%) childhood occlusion [-0.46, 0.17]
Adolescence
Bruce et al. (2012) Cross- Australia Netball 38 26 £5 Adulthood  Video temporal Specific General Individual 0.88
sectional (100%) occlusion level [0.22, 1.55]
Campbell & Moran (2014) Cross- Ireland Golf 31 24+4 Adulthood  Real-world sport Specific General Individual 0.48
sectional -- (16-28) simulation level [-0.37, 1.33]
Cafial-Bruland et al. Cross- Netherlands Tennis 40 26+16 Adulthood  Animated Specific General Individual 1.26
(2011) sectional -- temporal level [0.58, 1.94]
occlusion
Causer & Williams (2015) Cross- United Soccer 24 24+£6 Adulthood Video temporal Specific General Individual 4.25
sectional Kingdom -- occlusion level [2.77,5.73]
Chen et al. (2020) Cross- Taiwan Baseball 34 22 +2 Adulthood  Video temporal  Specific General Individual 0.69
sectional -- occlusion level [0.34, 1.04]
Correia et al. (2012) Cross- United Rugby 37 24+5 Adulthood  Virtual reality Specific Specific Individual 0.48
sectional Kingdom -- sport simulation level [0.00, 0.95]
de Joode et al. (2021) Cross- Netherlands  Soccer 13 12+1 Late Video temporal ~ Specific Specific Coach rating 0.56
sectional (0%) childhood occlusion Individual [-0.04, 1.16]
Prospective level
De Waelle et al. (2022) Cross- Belgium Badminton 41 24+9 Adulthood  Video temporal Specific Specific Individual 0.07 [-0.15,
sectional -- (13-57) occlusion level 0.29]
del Campo & Caja (2018) Cross- Spain Soccer 16 22 +2 Adulthood  Video temporal Specific Specific Team level 0.50
sectional (0%) (20-26) occlusion [-0.32, 1.32]
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Del Percio et al. (2007)

Farahani, Soltani, &

Rezlescu (2020)

Farahani, Soltani,

Rezlescu, & Walsh (2020)
Farrow et al. (2010)

Gabbett & Abernethy

(2013)

Gabbett et al. (2011)

Gray et al. (2007)

Hagemann (2009)

Hagemann et al. (2010)

Heilmann (2021)

Holfelder et al. (2020)

Huesmann et al. (2021)

Hiittermann et al. (2019)

Joseph et al. (2021)

Keller et al. (2018)

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Prospective

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Prospective

Cross-
sectional

Italy
United
Kingdom
United

Kingdom
Australia
Australia
Australia
USA

Germany
Germany
Germany
Germany
Germany
Germany

Australia

Australia

Karate
Soccer
Soccer
Rugby
Rugby
Rugby
Baseball
Tennis
Fencing
Climbing
Athletics
Handball
Handball
Soccer

Basketball

Soccer

31 22+ 4
(29%) (18-31)
73 19+2
(0%) (15-23)
118 1842
(0%) (15-23)
35 26 +4
88 20+ 4
86 23+4

16  (19-26)
(0%)

72 25+4
(0%)

30 22+ 6
30%

19 24 + 4
(47%9 (18-31)
86 14+1
(50%) (13-15)
45 20+ 7

0%

24 24 + 4
(0%) (19-32)
59 16+1

49%
62 17+1

(0%) (16-18)

Adulthood

Adulthood

Adulthood

Adulthood

Adolescence

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adolescence

Adulthood

Adulthood

Adolescence

Adolescence

Image sport
simulation

Video temporal
occlusion

Video temporal
occlusion

Video temporal
occlusion

Video temporal
occlusion

Video temporal
occlusion

Video temporal
occlusion

Video temporal
occlusion

Video spatial
occlusion

Real-world
decision-making

Game of Dice

Video temporal
occlusion

Visual attention

Video temporal
occlusion

Video temporal
occlusion

General
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
General
Specific
Specific
Specific

Specific

General
General
General
General
Specific
General
General
General
General
General
General
Specific
General
General

General

General

Individual
level

Coach rating

Coach rating

Team level

Team level

Coach
selection

Individual
level

Individual
level

Individual
level

Individual
level

Individual
level

Team level

Team level

Coach
selection

Individual
level

80

0.36
[-0.42, 1.14]

1.61
[1.28, 1.94]

1.20
[1.03, 1.36]

1.48
[1.04, 1.91]

1.12
[0.88, 1.35]

0.07
[-0.20, 0.33]

1.63
[0.27, 2.98]

0.88
[0.48, 1.29]

0.20
[-0.16, 0.56]

1.83
[0.19, 3.47]

0.22
[-0.75,0.31]

0.44
[-0.41, 1.29]

1.27
[0.38, 2.15]

0.05 [-0.46,
0.56]

1.44
[0.71, 2.17]
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Laborde & Raab (2013)
Liu et al. (2017)
Lorains et al. (2013)
Lyons et al. (2008)
Magnaguagno & Hossner
(2020)

McRobert et al. (2011)
McRobert et al. (2009)
Moore & Miiller (2014)
Moran et al. (2016)
Morris-Binelli et al.
(2018)

Miiller et al. (2010)
Miiller et al. (2015)
Miiller et al. (2017)

Miiller & Fadde (2016)

Murphy et al. (2016)
Study 1

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Prospective

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Germany
USA
Australia
Ireland
Germany

Switzerland

United
Kingdom

United
Kingdom
USA
Ireland
USA
Australia
Australia
USA

USA

United
Kingdom

Handball
Tennis
Australian
Football
Hurling
Handball
Cricket
Cricket
Baseball
Equestrian
Baseball
Cricket
Rugby
Baseball

Baseball

Tennis

60 25+4
—  (17-33)
74 2146

(41%)

66  22+3
(0%) (18-30)
20 25+7
24 26+4

(0%)

20 24+5
20 25+6

(0%)

12 24+3

(0%) (18-28)
10 (18-60)

(40%)

105 23
—  (19-33)
26 21+4

(0%) (15-29)
34 24+4

(0%) (18-33)

125 23
— (19-33)
34 21

(0%) (17-24)
36 24+5

(0%)

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Video temporal
occlusion

Video temporal
occlusion

Video temporal
occlusion

Bassin
Anticipation

Virtual reality
sport simulation

Video temporal
occlusion

Video sport
simulation

Video temporal
occlusion

Pupil dilation

Video temporal
occlusion

Video spatial
occlusion

Video temporal
occlusion

Video temporal
occlusion

Video temporal
occlusion

Video temporal
occlusion

Specific
Specific
Specific
General
Specific
Specific
Specific
Specific
General
Specific
Specific
Specific
Specific
General
Specific

Specific

Specific

General

General

General

Specific

Specific

General

Specific

General

General

General

General

General

General

General

Specific

Team level

Individual
level

Team level

Team level

Individual
level

Individual
level

Individual
level

Team level
Individual
level
Performance
Team level
Team level
Individual
level

Performance

Individual
level

81

0.57
[-0.08, 1.23]

0.02
[-0.28, 0.32]

1.36
[0.47, 2.26]

0.21
[-0.08, 0.51]

1.77
[0.82, 2.72]

1.71
[0.67, 2.74]

2.41
[1.23,3.58]

0.32
[-0.13,0.77]

1.37
[0.73, 2.01]

0.12
[0.07, 0.17]

0.79
[0.48, 1.10]

0.18
[-0.09, 0.45]

0.09
[-0.18, 0.36]

0.07
[-0.04, 0.19]

1.28
[0.52, 2.05]



GENERAL AND SPECIFIC COGNITIVE FUNCTIONS IN SPORT

Murphy et al. (2016)
Study 2

Murr et al. (2021)

Musculus (2018)

Musculus et al. (2021)

North et al. (2016)

North et al. (2011)

O'Connor et al. (2016)

Paull & Glencross (1997)

Piggott et al. (2019)

Praxedes et al. (2018)

Raab & Johnson (2007)

Cross-
sectional

Cross-
sectional
Prospective

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Prospective

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

United
Kingdom

Germany

Germany

Germany

United
Kingdom

United
Kingdom

Australia

Australia

Australia

Spain

Germany

Tennis

Soccer

Soccer

Soccer

Soccer

Soccer

Soccer
Baseball
Australian
Football

Soccer

Handball

20 265
(0%)
86  17+1
(0%) (15-19)
169 1142
(0%)

80 2641
(0%)

24 2143

19 25+3
(0%)

127 1540
(0%)

30 26
(0%)

40 24
(0%) (19-30)
19 11«1
69  16+2

(42%)

Adulthood

Adolescence

Late
childhood
Adulthood

Adulthood

Adulthood

Adolescence

Adulthood

Adulthood

Late

childhood

Adolescence

Animated
temporal
occlusion

Animated
temporal
occlusion

Video temporal
occlusion

Video temporal
occlusion

Video temporal
occlusion

Video temporal
occlusion
Animated
temporal
occlusion

Video temporal
occlusion
Memory

Video temporal
occlusion

Video temporal
occlusion

Real-world sport

simulation

Real-world sport

simulation

Video temporal
occlusion

Specific

Specific

Specific

Specific

Specific

Specific

Specific

Specific

Specific

Specific

Specific

Specific

Specific

General

General

General

General

General

General

Specific

Specific

General

Individual
level

Individual
level

Team level

Team level

Individual
level

Individual
level

Coach
selection

Individual
level
Team level

Team level

Team level

82

1.78
[0.73, 2.83]

0.28
[0.01, 0.55]

-0.01
[-0.25,0.23]

-0.01
[-0.12, 0.10]

1.71
[0.24, 3.17]

0.64
[-0.34, 1.62]

0.57
[0.11, 1.03]

1.12
[0.58, 1.67]

0.26
[-0.37, 0.89]

1.70
[0.91, 2.48]

0.17
[0.08, 0.25]
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Raab & Laborde (2011)

Ripoll et al. (1995)

Robertson et al. (2021)

Roca et al. (2013) Study 1

Roca et al. (2013) Study 2

Rosalie & Miiller (2013)

Rosch et al. (2021)

Rowe & McKenna (2001)

Schorer et al. (2013)

Serpell et al. (2010)

Shangguan & Che (2018)

Spittle et al. (2010)

Timmerman et al. (2021)

Vaeyens et al. (2007)

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Germany
France
Belgium
United

Kingdom

United
Kingdom

Australia
Germany
United

Kingdom

Germany

Australia

China

Australia

Australia

Belgium

Handball

Savate

Badminton

Soccer

Soccer

Karate

Basketball

Tennis

Soccer

Rugby

Tennis

Basketball

Field hockey

Soccer

54 15+£2
(50%)

12 26

-- (20-33)

41 2449
22% (13-57)

24 2443
(0%)

24(0%) 24+4

14 25+8

-- (18-46)

13 160
(0%)

22 21+3

24 21+4
(100%)

30 > 18

30 19
(33%)

38 2142
(53%) (18-29)
205 14+1

(46%)
65 15+1

(0%) (13-16)

Adolescence

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adolescence

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Late

childhood

Adolescence

Video temporal
occlusion

Computer sport
simulation

Video temporal
occlusion

Video temporal
occlusion

Video temporal
occlusion

Real-world
temporal
occlusion

Video temporal
occlusion

Video temporal
occlusion

Video spatial
occlusion
Video temporal
occlusion

Reactive agility
test

Image
recognition
Video temporal
occlusion

Video temporal
occlusion

Video temporal
occlusion

Specific

Specific

Specific

Specific

Specific

Specific

Specific

Specific

Specific

Specific

Specific

Specific

Specific

Specific

General

General

Specific

Specific

Specific

Specific

General

General

General

Specific

General

General

Specific

Specific

Team level

Individual
level

Individual
level

Individual
level

Individual
level

Individual
level

Performance

Individual
level

Team level

Team level

Individual
level

Individual
level

Coach
selection

Individual
level

83

0.24
[-0.02, 0.50]

0.27
[-0.35, 0.89]

0.05
[-0.11,0.21]

4.11
[3.09, 5.13]

4.00
[3.00, 5.01]

2.00
[1.34,2.67]

1.85
[0.91, 2.79]

0.49
[-0.18, 1.16]

0.65
[0.31, 0.99]

1.81
[0.95, 2.66]

2.38
[1.39,3.37]

-0.03
[-0.73, 0.66]

0.60
[0.25, 0.96]

0.45
[0.26, 0.65]
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van Maarseveen et al.

(2018)

Cross-
sectional

Vansteenkiste et al. (2014) Cross-

Vater et al. (2016)

Vaughan et al. (2019)

Vila-Maldonado et al.

(2014)

Ward & Williams (2003)

Weissensteiner et al.

(2008)

Whitaker et al. (2020)

Study 1

sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Williams & Davids (1998) Cross-

sectional

Williams & Davids (1995) Cross-

Williams et al. (2002)

Williams et al. (2012)

Woods, Raynor, Bruce, &

McDonald (2016)

Woods, Raynor, Bruce,
McDonald, & Robertson

(2016)

sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Cross-
sectional

Netherlands

Belgium

United
Kingdom

United
Kingdom

Spain

United
Kingdom

Australia

USA

United
Kingdom

United
Kingdom

United
Kingdom

United
Kingdom

Australia

Australia

Soccer

Volleyball

Soccer

Various

Volleyball

Soccer

Cricket

Climbing

Soccer

Soccer

Tennis

Soccer

Australian
Football

Australian
Football

2 161
(100%)
20 2142
(100%)
22 21+4
(0%)
188 2242
(43%) (18-26)
40  24+5
(100%)
137 13+0
(0%)
102 18+5
(0%) (10-38)
34 2546
(59%) (18-34)
24 24+4
24 25+4
16  25+6
(0%)
60  18+2
(0%)
50 18«1
84 18«1

Adolescence

Adulthood

Adulthood

Adulthood

Adulthood

Late

childhood

Adolescence

Adolescence

Adulthood

Adulthood

Adulthood

Adulthood

Adulthood

Adolescence

Adolescence

Video temporal
occlusion

Video temporal
occlusion

Video temporal
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Note. Positive effect size indicates that higher-skilled athletes outscore lower-skilled athletes in cognitive tasks. CI = Confidence interval, f % =

Percent of participants that were female, M = mean, SD = standard deviation.
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Appendix E

Forest plot of effect sizes basic cognitive functions.

Note. Positive effect size indicates that higher-skilled athletes outscore lower-skilled athletes

in cognitive tasks. CI = Confidence interval, g = Hedges’ g.
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Appendix F

Forest plot of effect sizes higher cognitive functions.

Note. Positive effect size indicates that higher-skilled athletes outscore lower-skilled athletes

in cognitive tasks. CI = Confidence interval, g = Hedges’ g.
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Appendix G

Forest plot of effect sizes cognitive decision-making skills.

Note. Positive effect size indicates that higher-skilled athletes outscore lower-skilled athletes

in cognitive tasks. CI = Confidence interval, g = Hedges’ g.



Figure 1. Flow of study reports into the research synthesis.
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Appendix E. Forest plot of effect sizes basic cognitive functions.
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Appendix F. Forest plot of effect sizes higher cognitive functions.
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Appendix G. Forest plot of effect sizes cognitive decision-making

skills. g 95% Cl  Weight
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