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SUMMARY OF RESEARCH
This PhD thesis implemented a mixed-methods approach to investigate individual
differences in performance, learning, and transfer of expert athletes’ capabilities to anticipate.
In study 1, international field hockey goalkeepers and coaches were interviewed to
understand their beliefs regarding anticipation of the drag-flick in penalty corners.
Participants reported that pre-match video analysis, perception and action, as well as
psychological factors are vital to anticipate the drag-flick. Study 2 employed a single-subject
design and video-based temporal occlusion paradigm to investigate individual differences in
expert and emerging-expert male field hockey goalkeepers’ integrated pick-up of contextual
and opponent kinematic information for anticipation. Results indicated some expert and
emerging-expert goalkeepers were able to integrate these sources of visual information to
anticipate. Thereafter, a sub-sample of goalkeepers participated in a video temporal occlusion
anticipation training program with pre, post, retention video tests, as well as a pre-post
transfer field test. Some goalkeepers received the intervention and some did not. All
intervention goalkeepers, but not the controls, improved on aspects of the video temporal
occlusion and field penalty corner tests. Match statistics for two goalkeepers who received
the training were also tracked using a multiple-baseline design. Results indicated no
improvement in the control baseline phases, but an indication of improvement postintervention. Study 3 employed a single-subject design to investigate individual differences in
expert and emerging-expert female field hockey goalkeepers integrated pick-up of contextual
and kinematic information to anticipate across female and male opponents. Results indicated
some goalkeepers were able to transfer the capability to anticipate the drag-flick across
different opponents. Overall, these findings advanced theoretical knowledge of visual
anticipation through an individualized approach in a population of truly expert participants.
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Furthermore, the findings provide practical implications for skill acquisition specialists, sport
psychologists, and coaches to evaluate and improve the visual anticipation of their athletes.
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STRUCTURE OF THESIS
This thesis is structured as follows: (a) chapter one presents a general introduction to
the study of expertise as it relates to the perceptual-cognitive-motor skill of visual
anticipation in striking sports, (b) chapter two presents a review of relevant literature and an
update to Müller & Abernethy’s (2012) theoretical model of expert visual anticipation in
high-speed striking sports in manuscript format of an article published in Canadian Journal of
Behavioural Science (2017) [Note: there are strict author guidelines for the manuscript, e.g.,
word count, see: https://www.apa.org/pubs/journals/cbs], (c) chapter three outlines a
qualitative study in manuscript format of an article published in Psychology of Sport and
Exercise (2020) [Note: there are strict author guidelines for the manuscript, e.g., word count,
see: https://www.journals.elsevier.com/psychology-of-sport-and-exercise], (d) chapter four
describes experimental work conducted in manuscript format of an article published in
Psychology of Sport and Exercise (2021) [Note: there are strict author guidelines for the
manuscript, e.g., word count, see: https://www.journals.elsevier.com/psychology-of-sportand-exercise], (e) chapter five presents experimental research conducted in manuscript format
of an article currently under review for publication in Human Movement Science, (f) chapter
six describes an applied research collaboration reflection in manuscript format submitted for
publication in Journal of Sport Psychology in Action [Note: there are strict author guidelines
for the manuscript, e.g., page number, see author guidelines:
https://www.tandfonline.com/toc/uspa20/current], and (g) chapter seven discusses
conclusions and suggestions for future research resulting from the qualitative and
experimental work conducted in this thesis. Literature sources cited in the thesis follow at
completion of relevant chapters as this thesis has been written in specific journal publication
format. Writing and referencing of the thesis has adhered to the accepted structure in the
fields of Motor Control and Learning as well as Sport Psychology, being The Publication
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Manual of the American Psychological Association (7th Edition; American Psychological
Association [APA], 2020). Due to the foregoing structure of the thesis there is unavoidable
repetition of content and references.
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CHAPTER 1
Introduction
Since the beginning of Western civilization, society has marveled at those who
possess considerable knowledge and skill in their respective domains of expertise (Ericsson,
2018). In the interceptive sports domain, for example, spectators watch in awe as athletes
perceptual-cognitive-motor skills allow them to perform under severe time constraints while
appearing to have “all the time in the world” (Abernethy et al., 2018; Bartlett, 1947; Williams
et al., 2018). The study of expertise involves understanding this exceptional performance
through investigation of the characteristics, skills, and knowledge that distinguish experts
from themselves, lesser-skilled individuals and/or novices (Ericsson, 2018). This requires the
examination of truly expert performers, such as international field hockey goalkeepers, which
can provide unique insight into the conscious thought processes and functioning of the
perceptual-motor system to perform under severe temporal constraints. Such an integrated
approach to investigate expertise provides the unique opportunity to advance: (1) theory of
the mechanism(s) underlying expert performance, as well as (2) the mechanism(s)
underpinning learning, retention, and transfer in highly trained individuals. Thereafter, a flow
on effect from findings is that knowledge derived from studying experts can be used to
improve performance not only of experts, but also of performers across the skill continuum
(Bilalić et al., 2008).
Truly expert performers who have reached national or international level of
participation in a sport are few in number compared to other levels of participation (Ericsson,
2018). The value of studying these truly expert performers was established from early studies
investigating perception in chess (Chase & Simon, 1973; de Groot, 1965), as well as
perceptual-motor capabilities in cricket (Land & McLeod, 2000) and table tennis (Bootsma &
van Wieringen, 1990). For example, Chase and Simon (1973) concluded that a chess master’s
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superior capability to recall chess game formations, compared to two lesser skilled players,
was due to immense knowledge of patterns of play, acquired through years of practice. These
patterns are assigned retrieval cues in short-term memory, which are then used to draw upon
patterns of play from long-term memory. This is termed chunking and has been established as
a key mechanism of expertise in the cognitive domain such as chess (Charness, 1992; Gobet
et al., 2001), as well as motor domain such as reading the play in basketball and field hockey
(Gorman et al., 2011; Starkes, 1987). Since these seminal studies, which focused on
individual differences, the study of expertise in the motor domain has been largely interested
in identifying differences between groups of experts and groups of novices or less-skilled
performers to understand expert performance (Williams et al., 2018). For example,
Abernethy and Russell (1987) found group differences in visual-perceptual information pickup of expert and novice badminton players when they predicted the landing position of an
opponent’s stroke. Experts, but not novices, were able to utilize earlier and more proximal
(i.e., arm holding the racquet) information sources to predict the location of the shuttle.
Importantly, when participants made conscious verbal reports of which parts of the
opponent’s body provided useful information to predict the stroke, both experts and novices
cited the racquet as the most useful. Therefore, experts’ largely subconscious capability to
utilize earlier occurring and different information sources is regarded as a key mechanism of
expertise (see Müller & Abernethy, 2012; Williams & Jackson, 2019). Despite the important
findings provided by group-based designs, there has been a longstanding call to shift focus
back towards an individual differences approach to further understand the mechanism(s) of
expertise (Bates, 1996; Cronbach, 1957; Dicks et al., 2010; Fisher et al., 2018).
More recent studies that adopted an individual differences approach to further
investigate expertise, have made important contributions to understanding of experts’
perceptual-motor-skills (Dicks et al., 2010; Mann et al., 2013; Müller et al., 2015). For
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example, Dicks et al. (2010) found individual goalkeeper’s movement time affected the
initiation of movement responses when attempting to save the penalty kick in soccer. That is,
“faster” goalkeepers initiated their movement responses later during the penalty taker’s
action, nearer to the point of foot-ball contact, than “slower” goalkeepers who initiated their
movement responses earlier relative to the penalty taker’s foot-ball contact. This indicates
that highly skilled performers deal with high time-constrained sports tasks by perceiving to
act based on their individual movement action capabilities. Accordingly, the theoretical
implication of this finding is that there is not a uniform visual-perceptual-motor pattern to
achieve the motor skill goal (Dicks et al., 2010; Morris-Binelli & Müller, 2017). This further
emphasizes the importance of using an individual differences approach to gain a fine-grained
understanding of differences in perceptual and/or motor capability that contributes to expert
performance (Morris-Binelli & Müller, 2017). Consequently, this knowledge can be used to
improve such components within expert, emerging-expert, and lesser-skilled individuals
(Bilalić et al., 2008).
A vital perceptual-cognitive-motor skill in high-speed striking sports, which requires
investigation from an individual differences approach, is visual anticipation (Morris-Binelli
& Müller, 2017). Visual anticipation is the capability of a performer (e.g., field hockey
goalkeeper) to predict the future location of an object (e.g., hockey ball) in order to achieve
the motor skill goal, such as save the shot on goal (Williams & Jackson, 2019). Visual
anticipation is a key skill for high-speed striking sports as it allows the performer (e.g., field
hockey goalkeeper) to deal with the high time constraints of the task (e.g., penalty corner).
Severe time constraints exist across a variety of interceptive sports, where the time taken for
the ball to travel from the opponent (e.g., drag-flicker) to the performer (~500 ms) is shorter
than the performers combined visual choice reaction and movement times to intercept the ball

30
(~900 ms; Williams et al., 2011). Therefore, performers need to use visual cues particularly
prior to object flight in order to anticipate and gain time to respond.
A vast body of research has established that groups of expert performers are superior
to groups of lesser-skilled performers in the capability to pick-up opponent kinematic
information to anticipate (see Mann et al., 2007; Müller & Abernethy, 2012; Williams &
Jackson, 2019). For example, expert performers have been reported to attend to the ball toss
in tennis (Jackson & Mogan, 2007), playing-side arm and racquet in badminton (Abernethy
& Zawi, 2007), and bowling arm and hand in cricket (Müller et al., 2006) to anticipate serve,
stroke, and ball type, respectively. In addition, researchers have compared the pick-up of
contextual information (e.g., opponent positioning prior to tennis serve), between groups of
experts and less-skilled performers, in order to anticipate (Cañal-Bruland & Mann, 2015;
Murphy et al., 2019a; Williams & Jackson, 2019). From this body of research, it has been
established that experts are superior to less-skilled players in the capability to use different
types of contextual information for anticipation. The types of contextual information can be
visual or non-visual including event-related patterns (e.g., number of shots in a tennis rally;
Murphy et al., 2018), strategic game information (e.g., probability of different pitch types in
baseball; Gray & Cañal-Bruland, 2018), opponent action tendencies (e.g., Gredin et al.,
2018), and opponent positioning on the field of play (e.g., Huesmann & Loffing, 2019;
Murphy et al., 2018; Runswick, Roca, Williams, Bezodis, et al., 2018). There has been
considerably less research, however, investigating whether experts can integrate contextual
and kinematic information for anticipation (Murphy et al., 2019a). This is surprising given
that performers are required to deal with both sources of information in sequence during
competition (Runswick, Roca, Williams, McRobert, et al., 2018).
Recently, Runswick, Roca, Williams, McRobert, et al. (2018) addressed this gap in
the literature. They reported a group of skilled cricket batsmen anticipated bowler deliveries
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based on field placing and bowler kinematics more accurately than a group of less-skilled
batsmen. Conscious verbal reports indicated that skilled players relied upon contextual
information (e.g., field positioning) throughout the bowler’s run-up and delivery action,
whilst the bowler’s kinematics were judged to become most important immediately prior to
ball release. In contrast, lesser-skilled players reported to rely heavily on later occurring
kinematic compared to contextual information. These findings suggest that expert performers
sequentially use contextual and kinematic information for superior anticipation, with similar
findings reported in other group-based studies (Gredin et al., 2018; Gredin et al., 2019;
Murphy et al., 2019b). In contrast, other studies have reported that highly skilled participants
have difficulty integrating contextual and kinematic information to anticipate (Jackson et al.,
2020; Runswick et al., 2019; Wang et al., 2019). Therefore, further research is needed to
investigate experts’ capabilities to integrate contextual and kinematic information for
anticipation. In addition, previous studies have been conducted using group-based designs,
which can mask individual differences in experts’ capabilities to integrate contextual and
kinematic information (Morris-Binelli & Müller, 2017). An individual differences approach
will allow for better understanding of fine-grained differences in experts’ visual anticipation
skill, which can then be used to target training interventions to improve expert anticipation at
the individual level (Morris-Binelli & Müller, 2017).
In comparison to performance studies discussed above, there has been considerably
less research on training anticipation and transfer of learning to different performance
contexts (Williams & Jackson, 2019). The common approach of studies which aim to
improve anticipation have been to examine the effectiveness of visual anticipation training
interventions at the group level, by comparing an experimental group with control and/or
placebo groups (Morris-Binelli & Müller, 2017). Studies utilizing these designs have reported
improvements of video-based anticipation training on video (e.g., Abernethy et al., 2012) and
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in-situ field (e.g., Fadde, 2016; Smeeton et al., 2005; Williams et al., 2002) tests. A limitation
of group-level studies, however, is that individual rates of learning and transfer are not
discovered. This is important as learning of visual-perceptual-motor skills, including
anticipation, has been suggested to be nonlinear, meaning over a given time period, some
participants may improve, while others may remain stable or decline (Chow et al., 2015;
Pacheco & Newell, 2018). Therefore, anticipation training needs to be conducted at the
individual level to cater for individual tendencies for improvement, with the benefits of
training assessed through retention tests, as well as transfer assessments to in-situ and
competition contexts (Müller, Gurisik, et al., 2017).
Like the limited number of studies focusing on training and transfer of anticipation to
field settings, very little research has investigated transfer of anticipation skill within sports
(Müller & Rosalie, 2019; Seifert et al., 2016). This is an important area of investigation as
sports skills are performed in extremely dynamic environments against multiple opponents,
who present different kinematic information to the performer (Müller & Rosalie, 2019).
Accordingly, understanding experts capabilities to transfer anticipation to different opponent
movement patterns provides a unique avenue to extend knowledge of expert anticipation
(Rosalie & Müller, 2012). Studies that have investigated within sports transfer have
compared groups of higher- and lower-skilled performers. The majority of these studies have
reported that skilled performers have difficulty anticipating when facing different opponents
(e.g., Loffing & Hagemann, 2020; Loffing et al., 2015; Müller, Fadde, et al., 2017). In
addition, it has been reported that skilled tennis players have difficulty transferring their pickup of both contextual and kinematic information against left-, but not right-handed,
opponents (Loffing et al., 2016). Therefore, continued research is needed to investigate the
capability to transfer pick-up of contextual and kinematic information to anticipate against
different opponents. Moreover, group-based designs may mask individual differences in the
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capability to transfer anticipation skill. Therefore, an individual differences approach has the
capability to uncover fine-grained differences in this crucial mechanism of expertise (Müller
& Rosalie, 2019).
Furthermore, qualitative research methods (e.g., semi-structured interviews) offer a
promising avenue to investigate how in-depth conscious thoughts and beliefs expand on
knowledge derived from quantitative individual differences measures of visual anticipation
performance, learning, and transfer (Connor et al., 2020; Müller et al., 2019). Several
quantitative anticipation studies have used verbal report with anticipation tasks to understand
conscious attention to information (e.g., Abernethy & Russell, 1987; Runswick, Roca,
Williams, Bezodis, et al., 2018). These studies have provided some valuable information
regarding how experts consciously pick-up information for anticipation, however, verbal
report provides limited insight into experts’ beliefs and attitudes that underpin information
pick-up (Weissensteiner et al., 2009). Semi-structured interviews can be used to gain a rich
and detailed insight into the beliefs and attitudes of performers regarding factors (e.g., pickup of visual cues or psychological skills) that influence expert anticipation (Smith & Sparkes,
2016). This is important because what athletes and coaches’ believe to be important for
anticipation, can determine what athletes attend to when practicing their skills, as well as
during performance in competition (Müller et al., 2019). However, there is scant research
utilizing this approach to investigate expert visual anticipation (e.g., see Vernon et al., 2018;
Weissensteiner et al., 2009). Accordingly, there is limited knowledge regarding whether what
athletes and coaches believe to be important for anticipation corresponds with quantitative
studies of anticipation.
Thoughtful mixed-method planning, which leverages the strengths of both qualitative
and quantitative methods of investigation will therefore allow the development of a broad
understanding of experts’ perceptual-cognitive-motor skills (Gibson, 2016). Specifically, a
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complementarity mixed-methods approach can be used to gain further understanding of what
is consciously believed to be important for anticipation and what information is picked-up to
guide action (Gibson, 2016). Consequently, comprehensive knowledge of expert anticipation
can be obtained, which can assist in the development of training interventions to improve
anticipation skill (Müller et al., 2019).
This thesis is couched within the theoretical framework of Müller and Abernethy's
(2012) two-stage model of expert visual anticipation, which was later updated by MorrisBinelli and Müller (2017) [Chapter 2]. This model explains how sequentially unfolding
visual-perceptual information is picked-up to guide action in high-speed striking sport skills.
In stage one, experts are capable of using visual (e.g., positioning of players on the field of
play) and non-visual (e.g., opponent action preferences) contextual information and opponent
kinematics (e.g., angular position of the hockey stick), known as advance cues, to guide
positioning of their body for interception (e.g., goalkeeper positioning in the hockey goal). In
stage two, experts can use portions of object flight information to fine-tune interception (e.g.,
to move hand to intercept the hockey ball). Pick-up of information in these stages are
necessary to deal with severe time constraints and provides an explanation as to why experts
have “all the time in the world” to successfully perform sports skills. In contrast, less-skilled
performers rely more on object flight information for body positioning and interception,
resulting in less time to deal with the high time constraints of the task, which can result in
poorer attainment of the skill goal. To continually develop the model, Morris-Binelli and
Müller (2017) outlined future research directions that directly relate to the gaps in the
literature discussed above. Therefore, through incorporating a complementarity mixedmethods approach to gather knowledge of experts’ beliefs regarding important factors for
anticipation, coupled with investigating anticipation performance, learning, and transfer at the
individual level, vital knowledge will be obtained to advance the model. Through
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advancement of the model, theoretically guided applied knowledge can be provided to
coaches and sports science practitioners of how to assess and train anticipation skill across
the skill continuum.
The rationale for the research conducted in this thesis is as follows: (i) to advance
theoretical understanding of visual anticipation as it relates to the expert model (MorrisBinelli & Müller, 2017; Müller & Abernethy, 2012), as well as its relation to transfer of
anticipation (Müller & Rosalie, 2019), (ii) to extend understanding of expert coaches and
athletes’ beliefs and attitudes regarding important factors for anticipation, (iii) to advance
knowledge of individual differences in experts’ capabilities to integrate contextual and
kinematic information for anticipation, (iv) to investigate whether experts’ capabilities to
pick-up, and integrate, contextual and kinematic information can be improved, as well as
whether training improvements are retained and transfer to in-situ and competition settings,
and (v) to extend knowledge of individual differences in within sport transfer (i.e., across
different opponents) of the pick-up, and integration, of contextual and kinematic information
for anticipation (Müller & Rosalie, 2019). The exemplar sport on which the research will be
conducted is the high-speed interceptive sport of field hockey goalkeeping, specifically, the
penalty corner drag-flick shot on goal. In order to systematically address the gaps in the
literature related to expert visual anticipation performance, learning, and transfer, the
following has been undertaken.
First, study 1 (Chapter 3) consisted of semi-structured interviews with international
field hockey goalkeepers and coaches to gain a rich and detailed insight into their beliefs and
attitudes regarding anticipation of the penalty corner drag-flick. Second, study 2 (Experiment
1, Chapter 4) proceeded to investigate individual differences in international and national
male field hockey goalkeepers’ capabilities to pick-up, and integrate, contextual and
kinematic information to anticipate the penalty corner drag-flick. Further, video-based
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perceptual training (Experiment 2, Chapter 4) was employed to improve visual anticipation,
with benefits to learning assessed at the individual participant level through a retention test,
as well as transfer assessments to the field and competition settings. Third, study 3 (Chapter
5) examined individual differences in international and national female field hockey
goalkeepers’ capability to transfer pick-up, and integration, of contextual and kinematic
information to anticipate the penalty corner drag-flick across female and male opponents.
Collectively, this thesis reports important new findings of the beliefs and attitudes of true
experts’ regarding visual anticipation, as well as individual differences in the performance,
learning, and transfer of this vital skill.
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CHAPTER 2
Advancements to the Understanding of Expert Visual Anticipation Skill in Striking
Sports
Abstract
Superior performance in striking sports requires anticipation skill because of constraints
imposed on the performer, which can make it extremely difficult to achieve the motor skill
goal. This article reviews the empirical literature on expert visual anticipation in striking
sports since 2012 to determine if it has contributed to advancement of a theoretical model.
First, methodologies used to study visual anticipation are briefly described. Second, an
existing model is outlined to present what is known about the theoretical underpinning of
expert visual anticipation. Third, empirical evidence of key factors that contribute to expert
visual anticipation are discussed. Moreover, whether anticipation skill can be improved and
transferred to different contexts is discussed. The review identifies that there are multiple key
factors that contribute to expert visual anticipation performance, which need to be more
thoroughly accommodated as part of the theoretical model. There is still less empirical
evidence of learning and transfer of visual anticipation skill even though both of these are
vital to improve motor skill performance, as well as apply any improvement to anticipation
skill in different in-situ settings. Collectively, this review provides an update of the research
on expert visual anticipation and identifies future research directions that can continue to
further knowledge in striking sports.
Keywords: visual anticipation, expertise, striking sports.
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Advancements to the Understanding of Expert Visual Anticipation Skill in Striking
Sports
Visual anticipation is an important skill for expertise in striking sports, primarily
because it allows the performer such as the baseball batter to deal with the high time
constraints under which attempt is made to hit an object such as a ball (Nakamoto et al.,
2013). Visual anticipation is defined as the capability of a performer to predict the future
location of an object without a motor response (perceptual anticipation) or to predict the
future location of an object to guide components of the striking skill (perceptual-motor
anticipation; Müller & Abernethy, 2012). Several studies have reported the superior
capability of experts over less skilled players to use visual information for anticipation. Such
studies indicate that experts are able to use different and earlier occurring visual information
sources from their immediate environment to anticipate (Williams et al., 2011). These
findings stem from a variety of video simulation and in-situ methodologies that have
measured the capability to use visual information to anticipate.
Methodologies that have been frequently used to understand expert visual anticipation
includes; temporal and spatial occlusion, point-light displays, eye movement recording,
neurophysiological measures, blur, and in-situ temporal occlusion. Video-based temporal
occlusion is the most commonly used method to understand expert visual anticipation. In this
method, an opponent (e.g., baseball pitcher) is filmed from close to the viewing perspective
of the performer (e.g., baseball batter) to simulate the visual information that is available
when attempt is made by the performer to strike an object such as a baseball. The footage is
then edited and a black video frame is applied at key kinematic events in the opponent’s
action (e.g., the point of ball release) and/or during object flight to create temporal occlusion.
After occlusion, the performer is required to anticipate using either a written, button press,
verbal or motor response. Temporal occlusion investigates the time course of visual
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information used for anticipation (e.g., see Paull & Glencross, 1997). In spatial occlusion,
specific body parts of the opponent in the video simulation are selectively occluded such as
the tennis server’s racquet and serving arm. This enables identification of which visual cue(s)
or body segment(s) from the opponent’s movement pattern are used for anticipation (e.g., see
Jackson & Mogan, 2007). A point-light display includes a video simulation of an opponent’s
movement pattern that is represented by points-of-light on anatomical landmarks such as the
shoulder, elbow, wrist, and index finger of a cricket bowler’s bowling arm. It provides an
understanding of the use of pure kinematic information for visual anticipation (e.g., see
Abernethy et al., 2008). In an extension of the point-light-display, a stick figure of an
opponent can be manipulated to occlude selected body segments or present false kinematic
information in selected segments in order to determine which visual cue(s) are used for
anticipation (e.g., see Huys et al., 2009). Eye movement recording through the use of a
mobile eye tracker is used to measure the location, duration, and sequence of visual fixations
for anticipation. This provides a measure of the visual search strategy of a performer for
anticipation (e.g., see Panchuk & Vickers, 2006). Neurophysiological methodologies such as
functional resonance magnetic imaging, transcranial magnetic stimulation, and
electroencephalography have become increasingly popular to understand the neural processes
that underpin anticipation (e.g., see Wright et al., 2010). Furthermore, blur is applied using
contact lenses worn by the performer or by manipulation of video simulation footage in order
to reduce visual acuity, which probes the blurred and colorless visual information transiting
through the dorsal visual pathway for anticipation (e.g., see Jackson et al., 2009; Mann et al.,
2010). Finally, occlusion glasses are worn by the performer to create temporal occlusion
where visual-perception can be coupled to action within an in-situ setting. It allows the
understanding of the timing of visual information that is used to guide complex whole-body
actions (e.g., see Müller et al., 2009).

49
The purpose of this article is to: (a) revisit the theoretical model proposed by Müller
and Abernethy (2012) and the future research directions they outlined; (b) discuss expert
visual anticipation research that has been published since 2012; (c) discuss how this research
has contributed to consolidate and/or advance their model, as well as address the future
research directions they identified; and (d) propose additional future research directions that
can contribute to further theoretical knowledge of expert visual anticipation.
Theoretical Model of Expert Visual Anticipation
Based on research that has used some of the methodologies mentioned above, Müller
and Abernethy (2012) proposed a two-stage theoretical model of expert visual anticipation.
Their model states that as visual-perceptual information unfolds throughout the course of the
opponent’s kinematics and object flight, informational cues are available that can be used to
achieve the motor skill goal. In the first stage, experts are capable of using visual-perceptual
information, such as from situational probabilities and the opponent’s kinematics plus early
object flight, to guide positioning of their lower body (e.g., to move to the forehand or
backhand side to return tennis serve). In the second stage, experts are capable of using
sections of object flight information to guide and fine tune interception such as positioning of
the racquet to strike a served tennis ball. The use of earlier information by the expert
performer to guide at least a component of their motor skill provides more time to respond
and deal with the high time constraints of object velocity. In comparison, less-skilled players
rely more upon object flight information to guide both positioning of the lower body and
interception, subsequently resulting in less time to deal with high time constraints imposed by
the object.
Müller and Abernethy (2012) outlined several future research directions that would
help advance understanding of expert visual anticipation and their model. First, a better
understanding of the role situational probability information contributes to anticipation is
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needed. In particular, interaction between the use of situational probability and kinematic
information for anticipation. Second, longitudinal data are required to determine how
anticipation skill develops over time. Third, very little is known whether expert anticipation
skill is domain specific or can be generalized to similar and dissimilar sports. Fourth,
interdisciplinary research that combines measures of visual-perception with biomechanical
measures of action could provide a better understanding of subtle expertise differences in
anticipation. Fifth, much of what is known about anticipation is based upon studies that have
focused upon expert versus novice comparisons or the extremes of the skill continuum. Little
is known about fine-grained expertise differences in anticipation. To address whether these
future research directions have received investigation in the literature, the next section
discusses studies of expert visual anticipation, first in relation to the five research directions,
and second in relation to other research directions.
Research Related to the Future Directions of Müller and Abernethy (2012)
Situational Probability
Loffing and Hagemann (2014) used point-light video-based temporal occlusion, with
a button response, to test whether the on-court positioning of opponents in tennis could be
used by skilled (second to seventh German division) and novice (no playing experience)
tennis players to anticipate forehand baseline shots. The authors reported that in the earliest
temporal occlusion condition (at the initiation of backswing), skilled players were superior to
novices at anticipation of shot direction based upon on-court position of the opponent. More
important, in the later temporal occlusion condition (racquet-ball contact), shot direction
anticipation by skilled players was independent of on-court position indicating that there was
a switch to the opponent’s stroke kinematics as an informational source. The capability of
skilled players to use situational probability information for anticipation is further supported
by Farrow and Reid (2012). This study used video simulation of a tennis serve, with a screen
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touch response, and included older and younger junior tennis players from the Tennis
Australia high-performance pathway. The study found that older players detected the
reoccurrence of a serve location earlier in the series of games than younger players. The
capability of performers to use situational probability information for anticipation has also
been reported in non-striking sports such as with a button press response in skilled
goalkeepers in European handball (Mann et al., 2014) and skilled volleyball players (Loffing,
Stern, et al., 2015), as well as in-situ with a motor response in expert karate fighters (Milazzo
et al., 2016). Collectively, these findings suggest that with increased experience and
expertise, performers are more aware of and can utilize situational probability information
from their immediate environment to anticipate. Furthermore, situational probability
information may be just as important as opponent kinematics in guiding expert anticipation.
Longitudinal Data
There are no studies to our knowledge that have used a longitudinal design to track
the development of anticipation over weeks, months, or years. This is likely because it is
difficult to know which players may continue from junior age to become an expert at adult
age and participate for many years, as well as difficulty associated with retention of players.
Instead, studies have used cross-sectional sampling of experts and less skilled players at
different ages. Sarpeshkar et al. (2017) investigated the coordination pattern and capability to
intercept straight plus curved balls in players that differed in age as well as skill levels. They
reported three main findings; changes to coordination and timing of interception for trials that
included straight as well as curved balls, curved trials reduced interception performance the
most, and balls that curved away from the bat were the most difficult to intercept. In addition,
the authors reported that changes in movement coordination were evident between skill, but
not age levels, implying that coordination patterns may have been established at junior rather
than adult age.
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Transfer
There has been very little research in striking sports of whether performers can
transfer anticipation skill across sports that are similar (near-transfer) or dissimilar (fartransfer) to the domain of expertise. Using video-based temporal occlusion, with a written
response, Moore and Müller (2014) investigated whether expert and near-expert baseball
batters, as well as novices could transfer their anticipation skill from baseball to a cricket
batting anticipation test. Whilst expert and near-expert baseball batters could anticipate pitch
types above guessing level based upon pre-ball flight information, only expert batters could
anticipate significantly above the guessing level at a pre-ball flight occlusion condition in the
cricket anticipation test. In non-striking sports, there is evidence that only karate experts
could transfer their anticipation skill across similar (taekwondo) and dissimilar (Australian
football) sports in an in-situ temporal occlusion motor response test (Rosalie & Müller,
2014). These findings are in contrast to Wimshurst et al. (2016) who reported despite expert
(club to international level) hockey players anticipation being superior to novices (nonhockey players) in a hockey video-based temporal occlusion button response task, there were
no significant differences between skill levels on a badminton video anticipation task.
Perhaps overt engagement of the motor system and matching of task difficulty is required in
order to transfer anticipation to a dissimilar domain (Müller, McLaren, et al., 2015). Studies
which investigate this will provide important information of whether perception-action
coupling influences anticipation skill transfer to similar or dissimilar domains.
Interdisciplinary Research
There are only two studies to our knowledge that have integrated visual-perception
and biomechanical analyses within an in-situ test. This is likely due to a variety of factors
such as the longer time commitment required by participants, physical load required for
multiple test trials and logistical constraints to access participants for in-situ tests compared
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to video-simulation tests. Müller, Brenton, et al. (2015) investigated individual differences in
the timing of weight transfer and bat downswing movements of eight highly skilled cricket
batsmen (Australian state level) using in-situ temporal occlusion, with a motor response.
They found significant differences between some participants’ time of weight transfer and bat
downswing initiation, as well as time of bat downswing completion. Despite these differences
in participants’ movements, there was no significant difference in their capability to
successfully anticipate and position their bat to strike the ball. Similarly, Müller et al. (2014)
found that a Major League Baseball batter had significantly earlier completion of weight
transfer and earlier initiation of bat downswing compared to Australian Baseball League
players. These studies suggest that although it has been previously reported that highly skilled
performers utilize visual information earlier than novices, within highly skilled samples of
striking sport performers, individuals have different preferences of how visual-perceptual
information is used to guide movement for interception of an object.
Fine-Grained Expertise Differences
As discussed directly above, research has progressed beyond the traditional expert
versus novice comparison. In addition to their focus upon transfer, Moore and Müller (2014)
investigated fine-grained differences in perceptual anticipation of pitch types between expert
and near-expert baseball batters. Moderate to large effect sizes were found indicating the
superior anticipation of expert baseball batters over near-expert batters at front-foot impact
and ball release temporal occlusion conditions in the pitcher’s action, respectively. Müller,
Fadde, et al. (2017) also found a moderate effect size in terms of superior prediction of pitch
type and location by expert baseball batters over near-expert batters at an early ball flight
temporal occlusion condition. Moreover, Brenton et al. (2016), using a sport-specific motor
response with video temporal occlusion, found that only highly skilled batsmen, but not elite
club or youth batsmen, could predict ball types above guessing level. Collectively, these
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studies, and those discussed in the preceding section, indicate that use of the temporal
occlusion paradigm with or without a motor response has the sensitivity to detect fine-grained
differences in visual anticipation (within the same sport) at the expert end of the skill
continuum.
Other Research Directions into Expert Visual Anticipation
Handedness
There are considerably fewer left-handers who compete in sport, but considerably
more left-handers that compete at elite levels in striking sports such as cricket, baseball, and
tennis, suggesting left-handers may have an advantage in these sports (Loffing, Sölter, et al.,
2015). Expanding upon their earlier study, Loffing et al. (2016) investigated anticipation of
tennis forehand baseline shots by skilled versus novice tennis players relative to on-court
position and handedness of the opponent using a point-light temporal occlusion task with a
button press response. Results provided some indication that skilled players, but not novices,
anticipated right-handers better than left-handers. The poorer anticipation of left-handed over
right-handed opponents has been consistently reported using the video-based temporal
occlusion paradigm with a button press response in other sports such as European handball
(Loffing, Sölter, et al., 2015) and volleyball (Loffing, Hagemann, et al., 2015; Loffing et al.,
2012). Loffing, Hagemann, et al. (2015) argue that the poor anticipation performance of
skilled players against left-handers may be because of reduced perceptual-familiarity with the
kinematics of left-handers at pre-elite levels, and, thus, a reduced capability to use visual
information with the same success as when anticipating right-handed opponents at elite
levels. The findings from these studies highlight the negative effect handedness has on
anticipation, which is likely due to reduced frequency in which athletes’ practice and develop
their anticipation skill against certain dominant-handed opponents. Therefore, further
research is needed to examine the effect of handedness on anticipation in striking sports.
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Relationships to Game Performance
Video-based simulation tests continue to be frequently used to measure expert
perceptual anticipation. Accordingly, it is of both theoretical and applied importance to
determine if perceptual anticipation video simulation tests have a relationship to game
performance statistics. Müller and Fadde (2016), using video-based temporal occlusion, with
a written response, found that anticipation of pitch types based upon pitcher kinematics by
single-A minor league batters correlated with base-on-balls and on-base percentage. This
study, along with another by Gabbett et al. (2011) that reported a relationship between pattern
recall and prediction skill video-based perceptual tests to game performance statistics in
rugby, indicate that visual-perceptual skills are an important component of in-situ motor skill
performance. Accordingly, these types of studies help establish predictive validity of skills
such as visual anticipation. However, further research is required to replicate these findings
and consolidate the value of visual anticipation to game performance.
Neurophysiological Studies
The studies discussed thus far have focused upon a behavioral level of analysis in
order to understand expert visual anticipation. Several studies have now combined behavioral
and brain activation measures to understand how these two levels of analysis interact and
underpin expert anticipation. Using functional magnetic resonance imaging, Olsson and
Lundström (2013) found different brain regions were activated in professional and novice (no
playing experience) ice hockey players when they completed a video-based temporal
occlusion ice hockey goal shooting test. The visual cortex and the prefrontal cortex were
primarily activated in novices, whilst the premotor cortex and regions of the temporal lobe
were activated in experts. The authors stated that activation of the visual and prefrontal
cortices in novices implies that they had to actively (or consciously) search for visual
information to anticipate. In comparison, the authors state that activation of the premotor
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cortex in experts implies that they have stored representations of complex motor actions. The
authors concluded that this likely allows faster anticipation, as experts do not have to visually
search to the same extent as novices to acquire useful information each time they anticipate
an action. Similar activation of motor regions of the brain have been reported in experts
during video-based perceptual anticipation studies of tennis (Balser et al., 2014), volleyball
(Balser et al., 2014), and soccer (Wright et al., 2013).
Visual Search Patterns
Like studies that used in-situ temporal occlusion, few studies have measured the
visual search patterns of participants within in-situ settings. Again, this is likely to do with
the constraints associated with accessing participants mentioned above. Mann et al. (2013)
measured the visual search patterns of two international and two club level cricket batsmen,
as they attempted to strike balls delivered by ProBatter. The authors found that the
international batsmen had a tighter coupling between rotation of their head and ball location,
than the club level batsmen. International batsmen also kept their visual fixation ahead of the
ball by making two anticipatory saccades; one to the predicted bounce location and another to
a point near bat-ball interception. The first finding indicates that there is a tight coupling
between visual-perceptual information and action in experts. This is consistent with a videosimulation study that reported visual fixation by international badminton players to body
locations of an opponent (associated with kinematic differences in stroke execution) to
anticipate with a motor response (Alder et al., 2014). The second finding indicates that
anticipation continues during the object flight phase to guide interception, which is consistent
with earlier in-situ temporal occlusion studies. Concerns have been raised as to whether
visual fixation is linked to use of visual information (see Abernethy, 1990). However, a
recent study in a non-striking sport found that skilled, but not less skilled, players could use

57
information from and near the visual fixation location to guide their decision-making (Ryu et
al., 2013).
Effect of Anxiety
Interdisciplinary research that integrates visual-perception and sport psychology
measures are also emerging as important to advance understanding of expert visual
anticipation. This is because emotions such as anxiety can have a significant detrimental
impact upon anticipation. However, despite anxiety being inherent in the game setting
(Nieuwenhuys & Oudejans, 2012), few studies have investigated the effect of anxiety on
anticipation skill. Cocks et al. (2016) investigated the effect of anxiety on skilled and less
skilled tennis players’ use of different contextual information to anticipate tennis stroke
direction in a video temporal occlusion test that included a motor response. They found a
high anxiety condition did not affect anticipation accuracy, but it impaired processing
efficiency in terms of mental effort allocated to the task. In addition, they found high anxiety
mostly impaired the pick-up of contextual information (i.e., positioning of the player on the
court) to predict stroke direction. The detrimental impact of high anxiety upon processing
efficiency (i.e., response time or mental effort), rather than processing effectiveness (i.e.,
response accuracy) has also been reported in a soccer open play temporal occlusion
anticipation test (Vater et al., 2016). However, using an in-situ cricket batting simulated
game, Runswick et al. (2018) found high anxiety had a detrimental impact upon bat-ball
contact response accuracy (a measure of processing effectiveness) and visual search patterns
(a measure of processing efficiency), but it had no detrimental effect upon the kinematics of
the striking pattern (a measure of processing effectiveness). It appears that anxiety impedes
the capability to use visual information, but its profound effect on the capability to anticipate
may only be fully understood within in-situ tasks where there is a consequence for actions
(e.g., hit or miss ball). Therefore, the effect of anxiety on visual anticipation skill needs to be
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investigated further.
Training of Anticipation Skill
There are fewer studies that have investigated whether visual anticipation skill can be
improved. Smeeton et al. (2013) investigated whether perceptual training, imagery, outcome
feedback and a no training control group improved anticipation in skilled junior cricket
batsmen. They used video-based temporal occlusion, with a button response, in a pre- and
post-test control group design. During the intervention phase, the three intervention groups
watched temporal occlusion footage of a bowler. The perceptual training group was given
explicit instructions of where to focus their attention, whilst the imagery training group was
required to imagine the bowling action they viewed. All groups received knowledge of results
of the ball location after each occlusion training trial. The intervention groups improved their
anticipation performance from pre- to post-tests. However, the largest improvement in
anticipation skill was for the outcome feedback group followed by imagery and perceptual
training groups. The improvement of anticipation skill in this study is consistent with other
studies that have also used temporal occlusion as a method to improve anticipation in skilled
cricket (Müller & Abernethy, 2014) and baseball (Fadde, 2016) batters, as well as
intermediate tennis players (Broadbent et al., 2015). Furthermore, there is evidence that
video-based temporal occlusion training, with a written response, can individually improve
in-situ skill performance in field hockey goalkeepers (Müller, Gurisik, et al., 2017).
Advancements to the Model and Future Research Directions
Recent research has helped consolidate and advance the theoretical model proposed
by Müller and Abernethy (2012), as well as address some of the future research directions
and identify other factors not considered in their model, as follows.
Situational Probability
That the expert advantage over the less skilled is in part due to the capability to use
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early occurring situational probability information to guide anticipation has now received
considerable investigation. Situational probability information appears to be of equal
importance to kinematic cues for expert anticipation. Furthermore, this information seems to
be derived from multiple sources, such as an opponent's on-court position (e.g., Loffing &
Hagemann, 2014) and the service pattern of opponents (e.g., Farrow & Reid, 2012). It is still
unclear whether there is a strong interaction between situational probability and kinematic
information. That is, does kinematic information become redundant when there are
informative situational probability cues? Alternatively, does kinematic information
sequentially provide additional information to situational probability cues? This could be
investigated by matching and mismatching situational probability with kinematic
information. Alternatively, the availability of situational probability and kinematic
information can be controlled through the temporal occlusion paradigm. A probability score
could then be used as an outcome measure to supplement existing response accuracy
measures. This could help determine how anticipation is linked to event probabilities.
Transfer
It seems possible to transfer anticipation across closely related striking sports (e.g.,
Moore & Müller, 2014), indicating that perception-action coupling appears to be maintained
across similar sports. This is related to Prinz's (1997) common-coding theory, which states
that perception and planned actions are represented through a common-code. Accordingly, it
may well be that the “strength” of functional couplings between perception and action
facilitates transfer. There are several avenues for investigation here that include (a) in a single
study, the effect of expertise and degree of perception-action coupling on transfer to similar
and dissimilar sports; (b) whether transfer is unidirectional from one sport to another or
bidirectional; and (c) whether selected training of perceptual-motor skill in a different sport,
which may be used as an alternative challenge for learning, benefits performance in the
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chosen sport. These avenues for research are also important in order to determine whether
sampling of different sports, rather than early specialization, helps develop skills such as
anticipation that transfer to the chosen sport, or whether it is other skills such as confidence
and motivation that may transfer.
Interdisciplinary Research and Fine-Grained Expertise Differences
There is now evidence of subtle differences between experts in how they anticipate
and coordinate their actions. In particular, some experts may prefer to anticipate and respond
earlier, whilst others may respond relatively later (e.g., Müller, Brenton, et al., 2015). An
individual differences approach indicates that one model may not provide a complete
reflection of expert anticipation and interception. Here, response accuracy scores from
standard anticipation test methods such as in-situ and video temporal occlusion could be
adapted to include perhaps a probability score, error measure, or calculation of proportions of
correct and incorrect, so that there is a continuous scale of measurement that can be used to
power statistical analyses at the individual trial level. This would be useful with expert
samples that are usually small.
Handedness
Although the negative effect that left-handers can have upon anticipation skill has
been well established, all of the studies have used a video-based paradigm (e.g., Loffing et
al., 2016). It is important to investigate the capability of experts, near-experts and less skilled
players to anticipate left-handers using the in-situ temporal occlusion paradigm.
Relationships to Game Performance
There is now evidence that a video-based temporal occlusion perception test has a
degree of coupling (or linkage) to action in terms of match performance (e.g., Müller &
Fadde, 2016). Again, this is consistent with common-coding theory (Prinz, 1997), implying
there is a functional linkage between perception and action. Whilst representative task design
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of video-based occlusion tests can be improved, as well as overt action coupled to the video
test or use of in-situ temporal occlusion with a motor response, it is valuable that evidence
now further confirms the linkage of visual-perception to in-situ action.
Neurophysiological Studies
It has been well established that motor regions within the brain of experts are active
during perceptual anticipation tests (e.g., Olsson & Lundström, 2013). This indicates that the
perceptual-motor system is coupled during perceptual tests, likely because the motor system
is simulating the observed action in order to anticipate (Wilson & Knoblich, 2005). As the
motor system is activated during anticipation, then training of the motor pattern that is to be
anticipated along with perceptual training could be investigated to determine its benefits to
improve anticipation skill.
Effect of Anxiety
Nieuwenhuys and Oudejans (2012) have proposed a pertinent model that integrates
perception-action, anxiety, dispositional, and situational factors. The perception-action
component of their model is related to the two-stage model proposed by Müller and
Abernethy (2012). Accordingly, it is necessary to determine whether anxiety affects the pickup of situational and kinematic information, as well as object flight information that guides
the lower body and interception, respectively. An individual differences approach could be
taken where dispositional factors such as trait anxiety is compared to anticipation under
conditions where state anxiety varies. For example, a recently validated, automated vision
occlusion-timing instrument (see Brenton et al., 2017) could be used to create an in-situ
temporal occlusion task which is completed under low and high state anxiety. In the low
anxiety condition, athletes could be told their performance is not being evaluated, and to
perform the task (e.g., intercept the ball) to the best of their ability. In the high state anxiety
condition, several techniques reported to induce anxiety could be employed (see Cocks et al.,
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2016; Runswick et al., 2018). First, a video camera could be placed behind the athletes who
are told they are being filmed so their coaches can evaluate their performance. Second,
athletes could be given false feedback, meaning they will be told they are not performing to a
standard expected at their skill level, regardless of their actual performance in the task. Third,
athletes could be told their performance is being compared to their teammates and a
scoreboard could show their teammates scores. Such a study could provide useful
information of the causes of individual differences in anticipation skill when a motor
response is required under anxiety or pressure conditions. Current knowledge about expert
anticipation is limited to tests conducted under low anxiety or with low pressure, which is not
like the conditions under which perceptual-motor skills are performed in the game setting.
Training of Anticipation Skill
A small proportion of studies within the literature have reported that anticipation skill
can be improved in expert and skilled players (e.g., Fadde, 2016). This is important because a
performer’s anticipation in the game setting can be made difficult by opponent deception and
disguise. A larger volume of evidence, however, is needed of whether improvements can be
made to anticipation skill in laboratory settings and whether this transfers to in-situ as well as
game settings. For example, future studies could extend upon existing evidence to determine
whether perception and perception-action coupling improves anticipation skill and transfer to
an in-situ temporal occlusion test or game performance. It may well be that training
anticipation skill under high anxiety or pressure conditions maximizes benefits for learning
and transfer.
Summary
This article reviewed the expert visual anticipation literature that has been published
since 2012 to determine whether advancement has been made in relation to a theoretical
model of anticipation in striking sports. Some of the recent research has helped confirm
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predictions of the model, whilst other research has identified new factors that need to be
considered in any future predictions made from the model. Further studies are required to
replicate and extend some of the more recent findings such as transfer of anticipation across
striking sports, individual differences in anticipation to guide earlier and later components of
action, the effect of anxiety, as well as individual differences in the improvement and transfer
of anticipation skill to in-situ settings. Collectively, the several studies across different factors
discussed in this article indicate that expert visual anticipation is regarded as an important
skill to overall expert performance in striking sports.
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CHAPTER 3
Psycho-Perceptual-Motor Skills are Deemed Critical to Save the Penalty Corner in
International Field Hockey
Abstract
In interceptive sports such as field hockey goalkeeping, the psycho-perceptual-motor skill
anticipation is vital for performance due to the extreme time constraints associated with
saving a goal. The purpose of this study was to understand the beliefs and attitudes of
international field hockey goalkeepers and coaches regarding anticipation of the drag-flick in
penalty corners. Seven international goalkeepers and five international coaches were
interviewed. Using a constructionist and relativist approach to reflexive thematic data
analysis, we identified three overarching themes to anticipate the drag-flick, namely, prematch video analysis, perception and action, and psychological factors. In the first theme,
participants reported that pre-match video analysis allowed goalkeepers and coaches to
identify the attacking capabilities of opposing teams. This analysis was used to inform
defensive structure and save the drag-flick. In the second theme, participants reported that
perception and action, which consisted of the pick-up of visual cues and movement
execution, was important to anticipate the drag-flick. Goalkeepers reported that they rely
heavily on ball flight, which was central in coaches’ approaches in training drills such as to
use a projection machine that presents only ball flight information. The third theme,
psychological factors, encompassed, psychological resilience, arousal regulation, leadership
and communication, and sports intelligence, which were thought to be vital to facilitate
anticipation of the drag-flick. The findings of this study have important implications for how
to assess and train visual anticipation in time-constrained interceptive sports skills.
Keywords: visual anticipation, psycho-perceptual-motor skill, sport expertise,
performance psychology
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Psycho-Perceptual-Motor Skills are Deemed Critical to Save the Penalty Corner in
International Field Hockey
Experts in high-speed interceptive sports are required to perform their skills under
extreme time constraints of less than one second (Baker et al., 2009; Williams & Jackson,
2019). The capability to perform these ballistic skills has been reported to be due to superior
psychological and perceptual-motor (psycho-perceptual-motor) factors (Cocks et al., 2016).
The perceptual-motor component refers to the capability of the performer, such as a field
hockey goalkeeper, to pick-up visual information from the immediate environment to achieve
the motor skill goal, such as to save a penalty corner drag-flick on goal (Williams & Jackson,
2019). The psychological (psycho-) component refers to factors such as the capability to
manage emotions like anxiety, which are inherent in high-pressure sport performance
(Weissensteiner et al., 2009). This is important because emotions can influence the pick-up of
visual information, which, in turn, can influence achievement of the motor skill goal (Cocks
et al., 2016). Consequently, when investigating expertise in high-speed interceptive sports, it
is important to consider psycho-perceptual-motor skills, as these are vital for superior
performance in sport (Buekers et al., 2017; Müller et al., 2019).
A key perceptual-motor skill for performance in high-speed interceptive sports is
visual anticipation (Williams & Jackson, 2019). Visual anticipation is defined as the
capability to pick-up visual information in the immediate environment to predict what will
happen and guide action (Runswick, Roca, Williams, McRobert, et al., 2018). For example,
in field hockey goalkeeping during the penalty corner at international level, the drag-flicker
delivers the ball at approximately 120 km/h meaning that it reaches the goalkeeper within 350
milliseconds (Baker et al., 2009). As a drag-flicker can direct the ball to a minimum of four
goal locations (Rosalie et al., 2017), this results in a four-choice visual reaction time for the
goalkeeper, which can be approximately 400 milliseconds (Müller & Abernethy, 2012).
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Consequently, the goalkeeper needs to utilize advance information (visual cues prior to ball
flight) to circumvent this reaction time delay through anticipation of the ball’s location in
order to respond in a timely manner (Abernethy, 1987; Müller & Abernethy, 2012).
Understanding what players and coaches believe as important information for anticipation,
can provide insight into the information consciously attended to during skill performance.
This presents an opportunity to assess and train pick-up of advance information for superior
anticipation.
There is considerable quantitative evidence on how experts differ from lesser-skilled
performers in the pick-up of information to anticipate (Williams & Jackson, 2019).
Specifically, experts are superior to lesser skilled players in the pick-up of contextual
information to anticipate (Williams & Jackson, 2019). Contextual information can be visual,
such as opponent server positioning on the tennis court before the serve is delivered that can
be used to predict stroke or serve type (Abernethy et al., 2001; Loffing & Hagemann, 2014).
Alternatively, contextual information can be non-visual, such as prior knowledge of action
preferences of an opponent(s) or game score that can be used to predict handball throw
direction or ball location in cricket batting (Mann et al., 2014; Runswick, Roca, Williams,
McRobert, et al., 2018). In addition, experts are superior to lesser-skilled players in the pickup of kinematic information, such as from the bowler’s ball and bowling hand or tennis
server’s racquet position, to anticipate ball location (Jackson & Mogan, 2007; Müller et al.,
2006). Based on this evidence, researchers have formulated a model of how experts use
visual and non-visual information to anticipate.
Initially, Müller and Abernethy (2012) proposed a two-stage model for expert
anticipation in high-speed striking sports. This model was later updated by Morris-Binelli and
Müller (2017) to take into consideration the growing body of evidence on the topic of
anticipation in sport. Stage one of this model outlines that visual and non-visual contextual
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and kinematic (advance) information occurring before object flight can be used to guide
positioning of the body in the sport skill. For example, in a tennis game, the returner can use
the server’s court positioning (visual contextual) and the server’s action preferences (nonvisual contextual – known prior to game), as well as ball toss (kinematics) to predict serve
direction. In stage two, the model outlined the use of object flight information to guide
interception. For example, in a tennis game, the returner can use early ball flight and bounce
information to strike the ball. Since formulation of the initial model, in-situ quantitative
evidence has confirmed that kinematic information is used for body positioning (e.g., Triolet
et al., 2013), and ball flight for interception (e.g., Land & McLeod, 2000; Müller, Brenton,
Dempsey, et al., 2015).
In order to understand the conscious attention to information in sport, a number of
studies have used verbal report with anticipation tasks (e.g., Roca et al., 2011, 2013;
Runswick, Roca, Williams, Bezodis, et al., 2018). For example, in a soccer anticipation task,
Roca et al. (2013) reported that skilled players made more statements about position between
players when the ball was far away (i.e., in the other half of the pitch). In contrast, when the
ball was closer to the performer (i.e., near the penalty box), skilled players made more
statements referring to opponent postural cues for anticipation. These studies have been
valuable in identifying how conscious report of information pick-up relates to anticipation.
However, studies utilizing verbal reports provide limited insight into the detailed beliefs and
attitudes of performers (Weissensteiner et al., 2009). There is limited information regarding
what athletes and coaches believe to be important for anticipation, and whether these beliefs
correspond with quantitative studies of anticipation. Understanding these beliefs is valuable,
because they may influence what athletes attend to when practicing their skills and during
performance in competition.
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While there is a substantial body of quantitative literature on anticipation (see
Williams & Jackson, 2019), only two studies have used a qualitative approach to understand
athletes beliefs about the pick-up of visual and non-visual information for anticipation
(Vernon et al., 2018; Weissensteiner et al., 2009). Vernon et al. (2018) reported that
professional tennis players were aware of using non-visual contextual information, such as
server preferences relative to game score, to anticipate serve direction. The authors also
reported that participants placed importance on kinematic information including the ball toss,
servers grip, torso rotation, and type of service action, to anticipate serve direction.
Weissensteiner et al. (2009) reported that expert cricket batsmen and coaches placed
importance on the use of kinematic information for anticipation. The authors also reported the
importance of psychological factors such as self-confidence, resilience, and work ethic for
cricket batting. These studies have provided useful initial information relating to expert
anticipation. However, qualitative studies on visual and non-visual information use and
psychological factors for anticipation in complex multi-player sport contexts are scarce.
These are important factors to investigate because they provide an understanding of how
instructional cues and practice tasks are structured, which may influence the anticipatory skill
of athletes (Müller et al., 2019).
Recent research has also focused on how psychological factors impact anticipation
(Morris-Binelli & Müller, 2017; Williams & Jackson, 2019). Psychological factors
encompass a range of constructs such as; arousal regulation in response to anxiety (Gould et
al., 2002), resilience (i.e., mental processes and behaviour that safeguard performance under
stressors; Fletcher & Sarkar, 2012), leadership and communication (i.e., capability to make
decisions and provide clear instructions to others under pressure; Sonesh et al., 2018), and
sports intelligence (i.e., understanding of the game being played which facilitates effective
gameplay; Gould et al., 2002). For example, Cocks et al. (2016) found that anxiety impaired
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skilled tennis players’ capability to pick-up contextual information (i.e., positioning of
opposition player on the court) to anticipate stroke direction. Alder et al. (2016), however,
demonstrated that anticipation could be improved under higher levels of anxiety.
Collectively, these findings demonstrate the need to understand how psychological factors
influence anticipation.
The purpose of this study was to gain a rich and detailed insight into the beliefs and
attitudes of international field hockey goalkeepers and coaches to anticipate the penalty
corner drag-flick. This was important because coaches structure practice and preparation as
well as game play, so both their views are integral to saving the penalty corner. The penalty
corner is a highly complex strategic part of a field hockey game, which provides the attacking
team a prominent opportunity to score (Laird & Sutherland, 2003). The penalty corner
presents a multitude of information to the defending goalkeeper, including multiple
opposition player setups, movement of opponent players towards the goal, and multiple
locations for the drag-flicker to score. Further, the goalkeeper’s own defensive players can
either limit or increase shot locations in which the drag-flicker can score. Therefore, saving
the drag-flick provides a complex example to understand what athletes and coaches believe to
be important information sources to attend to in order to anticipate. In addition, multiple
movements of offensive and defensive players create a highly pressurized local environment,
which can provide insight into psychological factors relating to anticipation of the drag-flick.
Method
Philosophical Assumptions
To capture the participants’ beliefs and attitudes to anticipate the drag-flick, we used a
qualitative approach, which was underpinned by interpretivism and framed ontologically by
relativism and epistemologically by constructionism. Relativism accepts that there are
multiple and subjective realities, whereby contradictory, but equally valid accounts of the
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world can exist, while constructionism considers knowledge as subjective and socially
constructed (Sparkes & Smith, 2014).
Participants
Seven goalkeepers (Mage = 29, SD = 2.40) and five coaches (Mage = 43, SD = 9.70)
from the National field hockey high-performance unit were interviewed, which accounted for
100% of the population of international level field hockey goalkeepers and 71% of the
population of international level field hockey coaches in Australia. Four goalkeepers were
members of the National male field hockey team, and three goalkeepers were members of the
National female field hockey team. On average, the goalkeepers had participated in 99 (SD =
72.80) international matches and had been playing competitively as goalkeepers for 18 years
(SD = 4.39). The coaches included the head coach and two assistant coaches from the
National male field hockey team, an assistant coach for the National female field hockey
team, and the National specialist goalkeeping coach for both male and female teams. On
average, the coaches had nine years of experience coaching at international level (SD = 7.30).
During their playing careers, all coaches had competed in field or indoor hockey at
international level, whilst the specialist goalkeeping coach had played field hockey at
international level as a goalkeeper.
Interview Procedure
Ethical approval from the relevant university ethics committee was obtained prior to
the study commencing. Participants were recruited via the National Australian field hockey
high-performance unit. At the start of each interview, the interviewer introduced himself,
reminded the participant of the purposes of the interview, and provided an opportunity for the
participants to ask any questions they may have. Each participant was interviewed
individually and provided written consent to participate and be audio recorded, prior to the
interview commencing. Interviews took place at a location chosen by the participant to
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accommodate the participants’ busy schedules (e.g., private offices at Hockey Australia).
Interviews ranged from 28 to 48 min (M = 36.8 min, SD = 6.4 min) in duration.
Interview Guide
A semi-structured interview guide in accordance with recommendations by Smith and
Sparkes (2016) was developed by the authors to cater for both flexibility and organization in
the interview process (Gillham, 2005). Impromptu elaboration (e.g., “any others?”) and
clarification (e.g., “can you explain what you mean by that?”) probes were used throughout
the interview. This method of interviewing allows for a deeper understanding of the
participants’ beliefs and attitudes in relation to the question (Smith & Sparkes, 2016).
The interviewer (first author) further adapted and refined the interview guide
following pilot interviews. The final interview guide (see Appendix) consisted of open-ended
questions concerning the participants’ training practices to prepare for penalty corners, beliefs
of sources of information used to anticipate during the penalty corner, and opinions of
psychological and movement execution factors important for success in a penalty corner.
Where required, question wording was adjusted to suit the different roles of goalkeepers and
coaches. Upon completion of each interview, participants were provided with an opportunity
to ask questions and provide additional comments. While all questions were addressed, the
order of the questions and exact phrasing was individualized according to each participant’s
responses.
Data Analysis and Quality
The interviews were transcribed verbatim by the first author and imported into
NVIVO 11 qualitative data management software. To ensure the participants’ confidentiality,
each participant was assigned an identifying label. Goalkeepers were given goalkeeper
specific labels (e.g., GK1) and coaches were given coach specific labels (e.g., C1), so that the
beliefs and attitudes of coaches and goalkeepers could be easily recognized. As we wanted to
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identify similarities and differences in the beliefs of participants, the analysis of goalkeepers
and coaches was not separated. Additionally, all potentially identifiable information was
removed from the transcripts (e.g., opposition drag-flicker team names). A constructionist
approach to reflexive thematic data analysis was chosen in which the socially produced and
reproduced experiences and realities of the participants were deemed central (Braun &
Clarke, 2019; Burr, 1995). We used a data-driven, inductive orientation to identify all themes
in the data, which was not coupled to pre-existing theories, as well as a deductive orientation
to link identified themes – where possible – to existing theories (Braun & Clarke, 2006, 2019;
Braun et al., 2018; Braun et al., 2016). Themes were identified at a semantic level, whereby
the explicitly stated beliefs and attitudes of the participants were coded and analyzed (Braun
et al., 2016).
The six phases to reflexive thematic analysis were followed (Braun & Clarke, 2006;
Braun et al., 2018). These phases were implemented in a recursive, rather than linear, manner
as the process of data coding and analysis is iterative and develops organically as researchers
actively engage with, and reflect on, the data (Braun & Clarke, 2019). In the first phase, the
lead author immersed himself in the data by transcribing the interviews and reading the
transcripts multiple times while noting initial observations and ideas and reflecting on how he
responded to the data. The second phase involved complete coding of the entire data set,
whereby the transcripts were separated into meaningful units of text, which were coded and
collated to develop a diverse range of codes from which to build themes. The third phase
consisted of organizing the codes into potentially related, but distinct “candidate” themes.
The authors met regularly throughout this phase to discuss and reflect on the candidate
themes, and identify themes which told the best story of the data. In the fourth phase, the
candidate themes were cross-checked with the coded extracts and refined to produce a
thematic “map” of the analysis. These themes were further cross-checked with the entire data
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set to ensure they accurately reflected the data and to code for additional data within the
themes that may have been missed in earlier phases. The next phase entailed continued
discussion and reflection between the authors to refine each theme, identify sub-themes, and
finalize clear definitions and labels for each theme. The final phase consisted of producing
the written report and selecting compelling extracts that captured the meaning of the themes
and related to the research questions.
Consistent with our relativist approach, validity was not determined by a list of preexisting quality criteria. Rather, we used various study-specific, contextually situated quality
verification strategies, which were embedded in the qualitative research process (see Burke,
2016). These criteria included: topic worthiness and generalizability; contribution of the
study to increase the understanding of successful performance in time-constrained
interceptive sports from the perspective of athletes and coaches; external coherence with
existing theories and studies; and transparency in the form of an audit trail outlining the data
collection and analysis process (Smith, 2018; Tracy, 2010). To attain rich rigor, we
interviewed a highly distinctive sample of participants, who made up 86% of the population
of elite field hockey goalkeepers and coaches in Australia. Additionally, the interviewer spent
considerable time with the participants before and after the interviews, and transcribed each
interview verbatim (Burke, 2016; Tracy, 2010). To ensure reflection and thoughtfulness, and
increase the credibility and trustworthiness of the data, multiple discussions took place
between the research team during analysis to verify that alternative interpretations of the data
were considered (Smith & McGannon, 2018). To increase the confirmability of the study, the
second and third authors served as critical friends during phase 2 to 6 of data analysis (Burke,
2016). As a group, the authors discussed differences in themes and interpretation to ensure
reflective, thoughtful, and collaborative engagement in order to generate rich accounts of the
data (Braun & Clarke, 2019).
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Results
In examining participants’ beliefs and attitudes to anticipate penalty corners, we
identified three first-order themes: pre-match video analysis, perception and action, and
psychological factors. An overview of first, second, and third-order themes can be found in
Figure 1.
Figure 1
Goalkeepers and Coaches’ Beliefs and Attitudes of Factors Related to Anticipation of the
Drag-Flick Within Penalty Corners

Pre-Match Video Analysis
In high-performance teams, pre-match video analysis consists of an athlete or coach
viewing pre-collected video footage of the opposition with sophisticated software, to inform
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preparation for upcoming matches (Wright et al., 2013). All participants reported that prematch video analysis of the opposition was a key determinant of successful performance in a
penalty corner. This video analysis consisted of identifying who takes shots on goal during a
penalty corner and the different attacking formations the opposition runs. Further,
participants mentioned they analyze the action capabilities and movement techniques of
opposition drag-flickers, such as their footwork, to understand where they may direct the ball,
as well as the percentage of goal locations they flicked towards:
I watch for whether the [drag-]flicker has anything different about their technique to
give away where they’re delivering the ball […]. Do they have a preferred side? Do
they have a flick that they like to flick under pressure? (GK1).
Participants deemed pre-match video analysis important because they felt it gives
goalkeepers the ability to familiarize themselves with the movement patterns and techniques
of the opposition’s drag-flickers: “We will do our own study of them [drag-flicker] and learn
their technique. We can’t replicate that because we don’t have the [drag-]flickers here.”
(GK2). Participants further reported that they use the information from the video analyses to
prepare for and rehearse the likely scenarios which they may encounter in a penalty corner,
which they thought leads to better saving performance. The goalkeepers described using this
information during a penalty corner to guide their defensive formation to reduce the attacking
team’s scoring ability:
When the penalty corner is awarded, I’ll look at what personnel they have on. […] I
would have already had a pre-plan of which corners I’ll run if what personnel’s on.
[…] I’ll get to our guys and I’ll say “look, the priority is [specific opposing dragflicker], he’s our number one. We’re going to run a 1-3. He’s on battery one so that’s
our priority.” (GK4).
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Four participants stated that pre-match video analysis is most beneficial when the
team’s goalkeepers, drag-flickers and defenders carry out the video analysis of the opposition
together. These participants thought that this group analysis provides the goalkeepers with
unique insights into the action preferences of opposition drag-flickers, as well as an increased
understanding between the goalkeeper and defenders of how best to counteract the
oppositions capability to score: “I really like doing my PCD [penalty corner defense] analysis
with the drag-flicker, because they pick-up on things that I wouldn’t pick-up on.” (GK3).
Although all participants reported that pre-match video analysis of the opposition is
important to improve goal-saving performance, five participants stressed that this information
should be used with a degree of caution because opposition teams may change their penalty
corner tactics between games or tournaments. As a result, the analyzed footage may no longer
be relevant to inform the goalkeeper’s tactical decisions (e.g., defensive formation) and
interceptive actions. Additionally, four participants were concerned that relying too heavily
on information from the video analysis can distract the goalkeepers from utilizing the visual
cues they are presented during the live penalty corner: “That’s where all that homework can
stitch you up. All that prior knowledge can undo the work, because you have to still react to
what the cues are in front of you.” (C2). Further, one goalkeeper and coach conceded that the
high filming angle (e.g., from a tower overlooking the hockey goal) often used to capture the
video analysis footage, makes it difficult to pick-up fine-grained differences in drag-flicker
movement techniques.
Taken together, these findings are consistent with the performance analysis literature,
which indicates that athletes utilize pre-match video analysis of the opposition to guide
tactical decision making and movement responses in match situations (e.g., Francis & Jones,
2014). Ten coaches and goalkeepers, however, stressed that information derived from the live
penalty corner supersedes information derived from pre-match video analysis to guide
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anticipation (see Jackson et al., 2020).
Perception and Action
In interceptive skills, perception and action refers to the pick-up of information (e.g.,
contextual, opponent kinematic, and early ball flight) in the performance environment to
achieve the motor skill goal (Morris-Binelli & Müller, 2017). Within perception and action,
we identified two second-order themes: the pick-up of visual cues and movement execution.
Pick-Up of Visual Cues
Participants described that the pick-up of visual cues is key to anticipate a drag-flick
shot on goal. Within this, we identified three third-order themes, namely, contextual,
kinematic, and ball flight information. Cues from these visual information relate to the twostage model of expert visual anticipation in striking sports (Morris-Binelli & Müller, 2017).
Contextual Information. Participants agreed that critical information regarding the
opposition team’s game strategy in the penalty corner could be discerned by pick-up of
contextual cues. During the set-up for the penalty corner, key sources of contextual cues are
identification of which attacking players are gathering “on top of the penalty circle” (C5),
“where [attacking] players are set up” (GK7) on the penalty circle, the attacking players’
“body language” (GK2), the “time of the game” (GK1), “the score” (GK1) of the match, and
how “fatigued” (C1) the drag-flickers appeared to be. Goalkeepers may use these contextual
cues in combination with their knowledge from video analysis to determine which dragflicker is most likely to take the shot at goal, and where the shot is likely to be played:
So, you roughly know where they’re [drag-flicker] going to score […]. You might say
that their main [drag-]flicker on battery one tends to try to flick glove side [left of
goal] from there, but on battery two he tries to pull it across [the goal]. (GK3).
Seven participants, however, were hesitant to use contextual cues occurring during the
set-up of the penalty corner, to initiate the saving action. These participants thought that any
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action based on this early contextual information involves “guesswork” (C4) by the
goalkeeper about where the ball will go. This guesswork was considered a key factor of
unsuccessful save performance, as it can distract from the pick-up of more reliable sources of
information, which are thought to occur later in the penalty corner (e.g., ball flight): “I think
the most important thing for me is not to predict. Watch the ball.” (C3). These views are
supported by recent research, which indicates that anticipation performance of skilled
performers decreases when they use contextual information (e.g., previous action preferences
of an opponent), which is incongruent with kinematic and ball flight information (e.g.,
Loffing et al., 2015; Runswick et al., 2019).
Once the penalty corner has commenced, 10 participants reported that it is critical to
identify which drag-flicker is taking the shot on goal, and the location on the penalty circle
the shot is about to be delivered. Three goalkeepers mentioned using these contextual cues to
guide body positioning in the goal:
The first cue is which battery the ball goes to, because that affects where we stand.
So, your initial set up will be dependent on where the ball goes. Then […] you’re just
looking at […] the movement at the top – who’s going to be taking the actual shot.
(GK6).
Further, one goalkeeper and one coach reported that the position of the running defender (i.e.,
defender who runs out towards the drag-flicker) relative to the penalty spot, should determine
the goalkeeper’s position in the goal. This suggests that the pick-up of contextual information
is important to guide positioning of the goalkeeper’s body in preparation for interception,
which relates to part of stage one in the model of expert visual anticipation (Morris-Binelli &
Müller, 2017).
Additionally, four goalkeepers reported that the way the ball is trapped prior to the
drag-flicker collecting the ball onto their stick, is a useful contextual cue to determine
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whether a drag-flick or a hit (latter with higher stick back lift and must cross the goal line
within the height of the backboard in the goal) will be executed:
[…] you know it’s going to be a flick because they [trapper] trap it outside [the
penalty circle] and drag it in. […] If it’s going to be a hit, they trap it and bunt [tap] it
inside the circle. (GK5).
Awareness of this contextual cue provided goalkeepers with more time to prepare to execute
the appropriate movement response.
Participants reported that penalty corner drills that include all attacking and defensive
players are “the best” because “they’ve got to factor in certain variations the opposition might
use, […] there’s some decision making there.” (C4). Yet, despite the benefit of and desire to
conduct these drills regularly, this was not always possible due to the high-risk of defensive
players getting injured by being hit with the hockey ball (see Dick et al., 2007): “we don’t do
them a lot [full penalty corner defense drills] because of the fact there is more chance of
injury for the defenders.” (GK5).
Collectively, these findings illustrate that visual contextual information is considered
an information source to anticipate and guide part of the goalkeeper’s action during a penalty
corner. Accordingly, contextual cues that occur during the execution of the penalty corner are
deemed more important than earlier occurring non-visual contextual cues. However,
participants also reported that the drag-flicker’s movement pattern (kinematics) provides
important cues for anticipating the drag-flick.
Kinematics. Consistent with previous research (e.g., Baker et al., 2009; Causer et al.,
2017; Vernon et al., 2018), we identified that kinematics of the drag-flicker is regarded to
contain cues in order to anticipate where the ball is targeted. Examples of drag-flicker
kinematic cues that were deemed important by the participants were “how far across they’re
stepping” (GK7), “the angle of their stick” (GK5), “their distance from the ball” (GK6), “the
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hand positioning” (GK5), and “the direction they drag it [their stick]” (GK4). Yet, nine
participants explained that “everybody has a different technique” (C5), and that kinematic
cues are drag-flicker dependent. Therefore, they believed it important to understand the
nuances of each individual drag-flicker’s movement.
Coaches and goalkeepers are thus aware of the benefits of kinematic cues for
anticipation, which is consistent with part of stage one in the model of expert visual
anticipation (Morris-Binelli & Müller, 2017). Nine participants, however, reported being
hesitant to use kinematic cues to initiate their movement to save. They felt that acting on preball flight information could be detrimental to their save performance because the dragflicker could attempt to deceive the goalkeeper during their flicking action. For example,
some drag-flickers were reported to have a “whipping action” (GK5), implement a “body
fake” (GK6), or have the capability to “open up their wrist and put it [the ball] in the opposite
direction” (C1) mid-way through their flicking action. Consequently, goalkeepers and
coaches emphasized that it is important not to use kinematic cues to guide their interceptive
action:
If you know a [drag-]flicker is very good at deception, […] you can’t move until he
flicks it. […] if you move too early […] and they throw it down your left foot and
you’ve moved right, well you look like a goose and you should have saved it. (GK4).
Accordingly, coaches explicitly instructed goalkeepers to consciously wait to observe ball
flight before initiating a save, and thus not to act on kinematic cues: “You have to wait until
that balls left the stick, and then you choose what you’re going to do.” (C3). Evidence
indicates, however, that experts in interceptive sports can subconsciously pick-up kinematic
cues to anticipate, despite being consciously unaware of using such information (Abernethy
& Russell, 1987). Therefore, it is possible that the participants are not aware of the extent to
which they utilize kinematic cues to initiate their interceptive action, which is vital in order
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deal with the high-time constraints of a penalty corner drag-flick (Baker et al., 2009;
Williams & Jackson, 2019).
Despite the hesitance to use kinematic cues to initiate the saving action, coaches and
goalkeepers stated that greater exposure to drag-flickers with different movement techniques
is a key way to improve drag-flick saving performance. They believed this would decrease
drag-flickers’ capabilities to deceive goalkeepers, and would increase the goalkeeper’s
confidence to use kinematic cues to anticipate drag-flicker shots on goal: “We want to come
up against quality [drag-]flickers, with different techniques in the training environment, so
that when we see them in a match situation, it’s not daunting for them [goalkeepers]. […]
they’ve already trained […] it.” (C4). Yet, the participants mentioned that this is difficult to
achieve due to the small number of drag-flickers in each squad.
Ball Flight. Ball flight was viewed as the most reliable source of information to
anticipate a drag-flick shot on goal. Consequently, participants emphasized the importance of
waiting for ball flight before responding to save: “You don’t start to move until you see that
ball coming at you.” (GK1). Apart from reducing the effect of deception, focusing on ball
flight was thought to reduce distractions by defensive and opposition players who are moving
in the penalty circle. These distractions could lead to incorrect save decisions and missed
saves:
You’ve got [defensive] runners coming from the left; you’ve got guys sliding in, […]
attackers diving in on the right. There are a whole heap of things happening which are
going to distract you from your role. […] watch the ball and trust your technique.
(C3).
The high value assigned to ball flight is consistent with views of skilled performers in cricket
and tennis, who also rate ball flight as one of the most useful sources of information to
anticipate (e.g., Runswick, Roca, Williams, McRobert, et al., 2018; Vernon et al., 2018).
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Accordingly, the participants’ view that ball flight should guide the saving action is aligned
with stage two of the model of expert visual anticipation, which states ball flight is used to
fine-tune the interceptive movement (Morris-Binelli & Müller, 2017).
Movement Execution
Participants described that effective movement execution in the saving action is
crucial to anticipate drag-flicker shots on goal. Within this theme, we identified three secondorder themes, which are important for effective movement execution, namely: positioning
and stance, timing and movement pattern, and automaticity.
Positioning and Stance. Participants reported that the positioning of the goalkeeper
during the set-up of a penalty corner played an important role in anticipating penalty corner
shots on goal. The depth of this starting position relative to the goal line was individualized;
however, all goalkeepers were coached to position themselves closer to the right-hand goal
post during the set-up of a penalty corner (i.e., offset). Consequently, the defensive runners
(positioned to the left of the goalkeeper and who run out at the drag-flicker) and postman
(protecting the left goal post), are responsible for blocking the drag-flicker from shooting at
the left side of the goal: “We want to trust our postie [postman] to make those saves.” (GK5).
Participants stated this strategy increased the likelihood of the goalkeepers making saves, as
they are responsible for a smaller surface area of the goal:
They are [defensive runners] forcing that ball onto our goalkeeper. […] what we’re
trying to do is make the goal as small as possible. So, we’re offsetting our goalkeeper
to the right side of the goal and forcing the drag-flicker to flick the ball to the right
side of the goal. (C3).
Further, most coaches and goalkeepers agreed that a balanced and still stance was required, to
allow for optimal timing to “explode” (GK1) towards the ball.
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Timing and Movement Pattern. Based on the importance placed on ball flight
information, participants reported that an efficient movement pattern consists of a single
interceptive movement directly towards the ball, rather than multiple movements to reach the
same position:
If one of those feet are in the air, or if they’re stepping, or jumping, […] or trying to
use some kind of kinetic energy before a shot, […] they can’t move in the opposite
direction until that foot’s back on the ground. (C1).
Therefore, a large focus of all penalty corner training drills was to ensure goalkeepers did not
initiate their movement until the ball’s flight.
Further, participants explained that a successful save does not only aim to save a shot
on goal, but also directs the ball towards the sidelines and away from the opposition, so that
the attacking team does not get an opportunity to score a rebound:
We want to give the goalkeeper the best chance to (a) make the save, and (b) only
have to make one save. […] if the ball’s on the right foot, bring across the left hand.
That will rotate your body and force the ball out wide. (C3).
Thus, a substantial proportion of penalty corner training drills used a ball projection machine
to engrain this movement pattern through part-practice of saves (e.g., left leg), with high
repetition.
Automaticity. Seven participants reported that saving performance deteriorates when
goalkeepers overthink their movement patterns. Thus, participants viewed automaticity of the
interceptive movement as a key determinant to anticipate a penalty corner:
As a junior you’re thinking about that stance and all those positions, and where your
hands should be. “Coach said be still, coach said I need to jump.” Those sorts of
things and all that talk in your head is slowing you down from making a [interceptive]
decision. (GK1).
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Consequently, participants deemed movement automaticity a key component of goalkeeper
training sessions. The ball projection machine was used as the main training tool to make
saves with different interceptive movement responses automatic (e.g., left glove save vs. right
foot save). Relating to these beliefs and practices, research has reported that when movement
automaticity is achieved, less attentional resources are required to monitor explicit movement
execution steps (Gray, 2004). Therefore, more attentional resources can be directed to the
detection of task-relevant information (e.g., positioning of attacking players).
Psychological Factors
Consistent with a plethora of research (e.g., Burns et al., 2019; Fletcher & Sarkar,
2012; Gould et al., 2002; Gould & Maynard, 2009), we identified that psychological factors
were deemed vital for anticipation in a penalty corner. Within this, we identified four secondorder themes, namely, psychological resilience, arousal regulation, leadership and
communication, and sports intelligence.
Psychological Resilience
The participants agreed that psychological resilience was key to anticipate the dragflick:
Mentally you need to be very resilient. In no other position on the field does a mistake
get highlighted in big neon lights for everyone to see. So, you need to be very content
as you get older in doing everything that you can and making sure that scoring a goal
is as hard as possible, but you also need to understand that sometimes goals go in and
that just happens. (GK7).
Consistent with the model of psychological resilience and optimal sport performance (see
Fletcher & Sarkar, 2012), participants mentioned that the best goalkeepers “need to be
confident” (GK7) in their ability, motivated to continuously improve and “not just go through
the motions” (GK3) at training, and have a positive personality to be “persistent […] through
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terrible periods of poor form” (GK2) and accept that “you’re going to let goals in” (GK4).
Participants also specified that these attributes reduced the likelihood of goalkeepers’ letting
mistakes (e.g., conceding a goal) negatively affect the next opportunity to save, and allowed
them to thrive off performance pressure, to achieve optimal performance.
Further, participants stated that “focus is very important” (GK3) to increase the
goalkeeper’s capability to identify relevant cues. Focus was deemed important to decrease
distraction by irrelevant information (e.g., “crowd noise.” C4), and allow goalkeepers to
attend to the game “intensely […] whilst actually not being involved for a lot of it.” (GK7).
This finding too is consistent with Fletcher and Sarkar's (2012) model of psychological
resilience and optimal sport performance.
Arousal Regulation
Consistent with previous research (see Gould & Maynard, 2009), participants deemed
the capability to regulate arousal levels during moments of high pressure in a game or
competition as crucial because “you have to have the ability to think clearly under pressure.”
(C3). Similar to other elite athletes (e.g., Burns et al., 2019; Weissensteiner et al., 2009), the
goalkeepers in our study reported using self-talk (e.g., “stay ready, stay relaxed, and not
moving too early.” GK1), physical habits (e.g., “grip my stick tighter.” GK5), and breathing
exercises to achieve optimal arousal levels:
I found during competitions you can get nervous, or your heart rate can spike. So once
a penalty corner’s called, […] I do a short breathing exercise. It’s just to calm down
and lower my heart rate, and just focus a bit more. (GK2).
These findings reiterate previous studies, which report that effective arousal regulation is key
to facilitate performance under pressure, such as during a penalty corner in an Olympic final
(Gould & Maynard, 2009).

93
Leadership and Communication
In accordance with research investigating discriminating traits of expert teams (see
Sonesh et al., 2018), all participants stated that strong leadership by the goalkeeper was
critical to be successful in a penalty corner. To facilitate a goalkeeper’s strong leadership,
effective communication with their defensive teammates was deemed key. This includes
conveying information about the opposition’s positioning and instructions of the defensive
formation:
You’re not going to make it as a good [goal]keeper if you can’t communicate well.
[…] We call the PC [penalty corner] variations, we call our defense [positioning], we
set everything up. So, if you can’t communicate, you’re going to struggle. (GK5).
Furthermore, participants reported that strong leadership involves the capability to
make decisions at critical times during the game, calm teammates’ emotions, and provide
clear instructions of what is required by each defensive player during the penalty corner.
Participants felt that this capability increased the defensive players’ confidence so they can
execute their roles effectively:
People don’t want short corners awarded against them. They go crazy, they’re
shouting at umpires, it’s chaos. […] the good goalkeeper will calm everyone down,
have a plan, look at what’s going on up front [on the penalty circle], and say, “okay,
this is what we’re doing guys, run hard, let’s go.” (C3).
Sports Intelligence
Seven participants mentioned that goalkeepers with high levels of sports intelligence
were better able to provide their teammates with the most relevant information regarding
what the opposition was about to do. Consequently, such goalkeepers were able to direct
teammates to positions which would reduce the oppositions capability to score:
You have to be able to see patterns. You have to be able to see things unfold from the
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defensive point of view early, so you can organize and position your defenders in the
best possible way and give them the best information, so that they can do their role in
the best possible way. (GK3).
This finding is consistent with Gould et al. (2002) who reported that 10 Olympic champions
were characterized by high levels of sports intelligence.
Discussion
In this study, we investigated international field hockey goalkeepers and coaches’
beliefs and attitudes towards anticipation of the drag-flick within penalty corners using semistructured interviews. The findings indicated that pre-match video analysis, perception and
action, as well as psychological factors were deemed key to expert performance. Perception
and action during the penalty corner consisted of the pick-up of visual cues (i.e., contextual,
kinematic, and ball flight information) and movement execution (i.e., positioning and stance,
timing and movement pattern, and automaticity). Psychological factors that were deemed
important included psychological resilience, arousal regulation, leadership and
communication, and sports intelligence.
Our findings align with the updated two-stage model of expert anticipation (MorrisBinelli and Müller (2017). Goalkeepers and coaches indicated that contextual (visual and
non-visual) and kinematic advance information are important to save the drag-flick. This is
consistent with stage one of this model, which states that advance information can be used to
guide positioning of the body. However, participants ascribed greater importance towards the
use of ball flight to guide the interceptive movement to save the drag-flick. This aligns with
stage two of the model, which describes that ball flight information is used to guide
interception of the object. A quantitative study using the temporal occlusion paradigm, where
progressive footage of the penalty corner is presented, is recommended to determine whether
goalkeepers can pick-up visual contextual, kinematic or ball flight information to anticipate.
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Such a study, considered in combination with this qualitative study, presents a promising
mixed-methods approach to determine whether beliefs of information pick-up align with
quantitative data of anticipation. In addition, a separate study could investigate the use of
non-visual contextual information gathered through pre-match video analysis, and compare it
to visual contextual and kinematic information pick-up from the temporal occlusion
paradigm. This would probe whether knowledge acquired prior to perceiving the penalty
corner benefits or impedes anticipation (see Jackson et al., 2020). Collectively, these future
research studies can further inform the predictions of the two-stage model of expert
anticipation.
Our findings indicated that psychological factors such as resilience, arousal
regulation, leadership and communication, and sports intelligence are important for
anticipation. Accordingly, there appears to be an increased need to focus on the fields of sport
expertise and sport psychology when assessing and training key factors that contribute to
superior performance in sport (Müller et al., 2019; Williams & Jackson, 2019). There are
three reasons to further justify this position. First, there continues to be a greater focus upon
the physical or physiological components of sport performance, rather than incorporation of
psycho-perceptual-motor skill, even though the latter is considered key to differentiating
superior performance in sport (Johnston et al., 2018; Steel et al., 2014). Second, literature
indicates that performing under pressure can heighten psychological factors such as anxiety,
which can impede anticipation (Cocks et al., 2016). This is a major concern because, for
example, saving the drag-flick can impact whether a team wins or loses a game. Third, there
is a growing body of literature that indicates training anticipation along with arousal
regulation under simulated anxiety conditions can improve anticipation, which transfers to
improvement on field-based tests (Alder et al., 2016). Therefore, an interdisciplinary
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approach comprising sport psychology and expertise can ensure that athletic performance is
thoroughly assessed and improved.
From a practical perspective, the findings from this study provide several implications
to assess and train anticipation. First, due to the lack of opportunity to face a variety of
different styles of drag-flickers in practice, goalkeepers’ focus may overtly shift to ball flight.
Video-based temporal occlusion can be used to measure pick-up of contextual (e.g.,
defensive runner or drag-flicker action preferences) and kinematic information to anticipate
(Aglioti et al., 2008; Balser et al., 2014; Runswick, Roca, Williams, McRobert, et al., 2018;
Wright & Bishop, 2019). Second, potential over-reliance on ball flight can be overcome by
video-based temporal occlusion training, that presents in-match footage of opposition dragflickers (Müller, Brenton, & Rosalie, 2015; Müller & Rosalie, 2019). Through manipulation
of stimulus duration, a goalkeeper’s attention can be guided towards contextual and
kinematic information without overtly reducing the value of ball flight information. Such an
approach offers a time efficient manner to train anticipation during training or at home, which
is important due to athletes’ busy schedules. Third, virtual reality (VR), which is becoming
increasingly popular to train sports skills, could be used with in-match footage of penalty
corner drag-flicks so that participants can practice the pick-up of advance cues and early ball
flight information and respond with a simulated movement response. Further research,
however, is needed to verify pick-up of contextual, kinematic, and ball flight information
using VR, before it can be used as a training tool (Miles et al., 2012). Fourth, coaches could
use a constraints-based practice approach to create game-based scenarios, which include
contextual (e.g., positioning of drag-flickers around the penalty circle) and kinematic
information (i.e., drag-flickers movement pattern), but with deflected shots mid-flight on
some trials (Chow et al., 2016). Such an approach may encourage goalkeepers to attend to
advance cue and ball flight information, which participants believe is important for
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performance. Finally, psychological interventions targeted at optimizing arousal regulation,
such as forms of stress exposure training, could facilitate goalkeepers’ ability to anticipate
under match pressure (Alder et al., 2016; van Rens et al., 2019).
Although this study provides detailed insight into the attitudes and beliefs of elite
field hockey goalkeepers and coaches, some limitations need to be addressed. First, our
sample comprised one country’s national program. A sample that includes elite goalkeepers
and coaches from high-performance centers in other nations, as well as elite goalkeepers and
coaches from different sports with similar temporal constraints, but different game contexts,
for example soccer, may provide additional perspectives on how to anticipate. Second, semistructured interviews focus only upon what is believed to be conscious pick-up of visual
information for anticipation (Smith & Sparkes, 2016). This does not take into consideration
subconscious pick-up of information, which has been reported to be a key discriminator of
expertise (Abernethy & Russell, 1987). To this, what athletes and coaches consciously
believe as important to accelerate expertise, can determine investment of time to improve an
athlete’s subconscious skill development (Müller et al., 2019). As such, a mixed-method
approach wherein qualitative and quantitative evidence of anticipation is compared can
provide unique opportunity to inform coaches and athletes of evidence-based skill
development practice.
In this study we have reported that elite goalkeepers and coaches place considerable
value on visual cues from contextual, the drag-flickers action occurring prior to ball flight, as
well as ball flight information for saving the shot on goal. The capability to pick-up these
visual cues is believed to be integrated with motor execution and psychological factors that
can prepare the athlete to save the shot on goal. These findings build on the theoretical
understanding of how athletes integrate perceptual, psychological, and motor components of
skills for anticipation in a highly complex high-speed interceptive sport skill. Further, the
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findings presented in this study may be transferrable across other high-speed interceptive
sports by guiding the practices of coaches and high-performance programs, as well as
developmental programs (i.e., talent identification and training at state and junior levels).
Specifically, content of this paper may provide a useful framework to assess athletes and
coaches’ thoughts regarding their skills, and then follow-up with measures of actual
performance (i.e., laboratory, in-situ field or match settings), to guide the design of practice
tasks for improvement of athletic performance through an interdisciplinary approach. In
doing so, development programs across the skill continuum may better prepare their athletes
for higher levels of performance.

99
References
Abernethy, B. (1987). Selective attention in fast ball sports. I: General principles. Australian
Journal of Science and Medicine in Sport, 19(4), 3-6.
Abernethy, B., Gill, D. P., Parks, S. L., & Packer, S. T. (2001). Expertise and the perception
of kinematic and situational probability information. Perception, 30(2), 233-252.
https://doi.org/10.1068/p2872
Abernethy, B., & Russell, D. G. (1987). The relationship between expertise and visual search
strategy in a racquet sport. Human Movement Science, 6(4), 283-319.
https://doi.org/10.1016/0167-9457(87)90001-7
Aglioti, S. M., Cesari, P., Romani, M., & Urgesi, C. (2008). Action anticipation and motor
resonance in elite basketball players. Nature Neuroscience, 11(9), 1109-1116.
https://doi.org/10.1038/nn.2182
Alder, D., Ford, P. R., Causer, J., & Williams, A. M. (2016). The effects of high and low
anxiety training on the anticipation judgments of elite performers. Journal of Sport
and Exercise Psychology, 38(1), 93-104. https://doi.org/10.1123/jsep.2015-0145
Baker, J., Farrow, D., Elliott, B. C., & Anderson, J. (2009). The influence of processing time
on expert anticipation. International Journal of Sport Psychology, 40, 476-488.
www.ijsp-online.com
Balser, N., Lorey, B., Pilgramm, S., Naumann, T., Kindermann, S., Stark, R., Zentgraf, K.,
Williams, A. M., & Munzert, J. (2014). The influence of expertise on brain activation
of the action observation network during anticipation of tennis and volleyball serves.
Frontiers in Human Neuroscience, 8, Article 568.
https://doi.org/10.3389/fnhum.2014.00568
Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research
in Psychology, 3(2), 77-101. https://doi.org/10.1191/1478088706qp063oa

100
Braun, V., & Clarke, V. (2019). Reflecting on reflexive thematic analysis. Qualitative
Research in Sport, Exercise and Health, 11(4), 589-597.
https://doi.org/10.1080/2159676X.2019.1628806
Braun, V., Clarke, V., Hayfield, N., & Terry, G. (2018). Thematic analysis. In P.
Liamputtong (Ed.), Handbook of research methods in health social sciences (Vol. 2,
pp. 843-860). Springer.
Braun, V., Clarke, V., & Weate, P. (2016). Using thematic analysis in sport and exercise
research. In B. Smith & A. C. Sparkes (Eds.), Routledge handbook of qualitative
research in sport and exercise science (Vol. 1, pp. 191-205). Routledge.
Buekers, M., Ibáñez-Gijón, J., Morice, A. H. P., Rao, G., Mascret, N., Laurin, J., &
Montagne, G. (2017). Interdisciplinary research: A promising approach to investigate
elite performance in sports. New Quest, 69(1), 65-79.
https://doi.org/10.1080/00336297.2016.1152982
Burke, S. (2016). Rethinking 'validity' and 'trustworthiness' in qualitative inquiry: How might
we judge the quality of qualitative research in sport and exercise sciences? In B.
Smith & A. C. Sparkes (Eds.), Routledge handbook of qualitative research in sport
and exercise (Vol 1, pp. 330-339). Routledge.
Burns, L., Weissensteiner, J. R., & Cohen, M. (2019). Lifestyles and mindsets of Olympic,
Paralympic and world champions: Is an integrated approach the key to elite
performance? British Journal of Sports Medicine, 53(13), 818-824.
https://doi.org/10.1136/bjsports-2018-099217
Burr, V. (1995). An introduction to social constructionism. Routledge.
Causer, J., Smeeton, N. J., & Williams, A. M. (2017). Expertise differences in anticipatory
judgements during a temporally and spatially occluded task. PLoS ONE, 12(2),
Article e0171330. https://doi.org/10.1371/journal.pone.0171330

101
Chow, J. Y., Davids, K., Button, C., & Renshaw, I. (2016). Nonlinear pedagogy in skill
acquisition: An introduction. Routledge.
Cocks, A. J., Jackson, R. C., Bishop, D. T., & Williams, A. M. (2016). Anxiety, anticipation
and contextual information: A test of attentional control theory. Cognition and
Emotion, 30(6), 1037-1048. https://doi.org/10.1080/02699931.2015.1044424
Dick, R., Hootman, J. M., Agel, J., Vela, L., Marshall, S. W., & Messina, R. (2007).
Descriptive epidemiology of collegiate women's field hockey injuries: National
Collegiate Athletic Association Injury Surveillance System, 1988-1989 through 20022003. Journal of athletic training, 42(2), 211-220. www.natajournals.org
Fletcher, D., & Sarkar, M. (2012). A grounded theory of psychological resilience in Olympic
champions. Psychology of Sport and Exercise, 13(5), 669-678.
https://doi.org/10.1016/j.psychsport.2012.04.007
Francis, J., & Jones, G. (2014). Elite rugby union players perceptions of performance
analysis. International Journal of Performance Analysis in Sport, 14(1), 188-207.
https://doi.org/10.1080/24748668.2014.11868714
Gillham, B. (2005). Research interviewing: The range of techniques. McGraw-Hill.
Gould, D., Dieffenbach, K., & Moffett, A. (2002). Psychological characteristics and their
development in Olympic champions. Journal of Applied Sport Psychology, 14(3),
172-204. https://doi.org/10.1080/10413200290103482
Gould, D., & Maynard, I. (2009). Psychological preparation for the Olympic Games. Journal
of Sports Sciences, 27(13), 1393-1408. https://doi.org/10.1080/02640410903081845
Gray, R. (2004). Attending to the execution of a complex sensorimotor skill: Expertise
differences, choking, and slumps. Journal of Experimental Psychology: Applied,
10(1), 42-54. https://doi.org/10.1037/1076-898X.10.1.42

102
Jackson, R. C., Barton, H., & Bishop, D. T. (2020). Knowledge is power? Outcome
probability information impairs detection of deceptive intent. Psychology of Sport and
Exercise, 50, 101744. https://doi.org/10.1016/j.psychsport.2020.101744
Jackson, R. C., & Mogan, P. (2007). Advance visual information, awareness, and anticipation
skill. Journal of Motor Behavior, 39(5), 341-351.
https://doi.org/10.3200/JMBR.39.5.341-352
Johnston, K., Wattie, N., Schorer, J., & Baker, J. (2018). Talent identification in sport: A
systematic review. Sports Medicine, 48(1), 97-109. https://doi.org/10.1007/s40279017-0803-2
Laird, P., & Sutherland, P. (2003). Penalty corners in field hockey: A guide to success.
International Journal of Performance Analysis in Sport, 3(1), 19-26.
https://doi.org/10.1080/24748668.2003.11868270
Land, M. F., & McLeod, P. (2000). From eye movements to actions: How batsmen hit the
ball. Nature Neuroscience, 3(12), 1340-1345. https://doi.org/10.1038/81887
Loffing, F., & Hagemann, N. (2014). On-court position influences skilled tennis players'
anticipation of shot outcome. Journal of Sport and Exercise Psychology, 36(1), 14-26.
https://doi.org/10.1123/jsep.2013-0082
Loffing, F., Stern, R., & Hagemann, N. (2015). Pattern-induced expectation bias in visual
anticipation of action outcomes. Acta Psychologica, 161, 45-53.
http://dx.doi.org/10.1016/j.actpsy.2015.08.007
Mann, D. L., Schaefers, T., & Cañal-Bruland, R. (2014). Action preferences and the
anticipation of action outcomes. Acta Psychologica, 152, 1-9.
http://dx.doi.org/10.1016/j.actpsy.2014.07.004

103
Miles, H. C., Pop, S. R., Watt, S. J., Lawrence, G. P., & John, N. W. (2012). A review of
virtual environments for training in ball sports. Computers & Graphics, 36(6), 714726. https://doi.org/10.1016/j.cag.2012.04.007
Morris-Binelli, K., & Müller, S. (2017). Advancements to the understanding of expert visual
anticipation skill in striking sports. Canadian Journal of Behavioural Science/Revue
Canadienne des Sciences du Comportement, 49(4), 262-268.
https://doi.org/10.1037/cbs0000079
Müller, S., & Abernethy, B. (2012). Expert anticipatory skill in striking sports: A review and
a model. Research Quarterly for Exercise and Sport, 83(2), 175-187.
https://doi.org/10.5641/027013612800745059
Müller, S., Abernethy, B., & Farrow, D. (2006). How do world-class cricket bastmen
anticipate a bowler's intention? The Quarterly Journal of Experimental Psychology
59(12), 2162-2186. https://doi.org/10.1080/02643290600576595
Müller, S., Brenton, J., Dempsey, A. R., Harbaugh, A. G., & Reid, C. (2015). Individual
differences in highly skilled visual perceptual-motor striking skill. Attention,
Perception, & Psychophysics, 77(5), 1726-1736. https://doi.org/10.3758/s13414-0150876-7
Müller, S., Brenton, J., & Rosalie, S. M. (2015). Methodological considerations for
investigating expert interceptive skill in in situ settings. Sport, Exercise, and
Performance Psychology, 4(4), 254-267. http://dx.doi.org/10.1037/spy0000044
Müller, S., & Rosalie, S. M. (2019). Transfer of expert visual-perceptual-motor skill in sport.
In A. M. Williams & R. C. Jackson (Eds.), Anticipation and decision making in sport
(pp. 375-393). Routledge.
Müller, S., van Rens, F., Brenton, J., Morris-Binelli, K., Piggott, B., Rosalie, S. M., &
Burgin, M. (2019). Embedding of psycho-perceptual-motor skills can improve athlete

104
assessment and training programs. Journal of Expertise, 2(1), 14-22.
https://www.journalofexpertise.org
Roca, A., Ford, P. R., McRobert, A. P., & Williams, A. M. (2011). Identifying the processes
underpinning anticipation and decision-making in a dynamic time-constrained task.
Cognitive Processing, 12(3), 301-310. https://doi.org/10.1007/s10339-011-0392-1
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
Rosalie, S. M., McIntyre, A. S., Stockman, S., King, C., Watkins, C., Wild, C. Y., & Ng, L.
(2017). Does skill specialisation influence individual differences in drag flicking
speed and accuracy? Journal of Sports Sciences, 35(6), 602-609.
https://doi.org/10.1080/02640414.2016.1180422
Runswick, O. R., Roca, A., Williams, A. M., Bezodis, N. E., McRobert, A. P., & North, J. S.
(2018). The impact of contextual information and a secondary task on anticipation
performance: An interpretation using cognitive load theory. Applied Cognitive
Psychology, 32(2), 141-149. https://doi.org/10.1002/acp.3386
Runswick, O. R., Roca, A., Williams, A. M., McRobert, A. P., & North, J. S. (2018). The
temporal integration of information during anticipation. Psychology of Sport and
Exercise, 37, 100-108. https://doi.org/10.1016/j.psychsport.2018.05.001
Runswick, O. R., Roca, A., Williams, A. M., McRobert, A. P., & North, J. S. (2019). Why do
bad balls get wickets? The role of congruent and incongruent information in
anticipation. Journal of Sports Sciences, 37(5), 537-543.
https://doi.org/10.1080/02640414.2018.1514165
Smith, B. (2018). Generalizability in qualitative research: Misunderstandings, opportunities
and recommendations for the sport and exercise sciences. Qualitative Research in

105
Sport, Exercise and Health, 10(1), 137-149.
https://doi.org/10.1080/2159676X.2017.1393221
Smith, B., & McGannon, K. R. (2018). Developing rigor in qualitative research: Problems
and opportunities within sport and exercise psychology. International Review of Sport
and Exercise Psychology, 11(1), 101-121.
https://doi.org/10.1080/1750984X.2017.1317357
Smith, B., & Sparkes, A. C. (2016). Interviews: Qualitative interviewing in the sport and
exercise sciences. In B. Smith & A. C. Sparkes (Eds.), Routledge handbook of
qualitative research in sport and exercise (Vol. 1, pp. 103-123). Routledge.
Sonesh, S. C., Lacerenza, C., Marlow, S., & Salas, E. (2018). What makes an expert team? A
decade of research. In K. A. Ericsson, R. R. Hoffman, A. Kozbelt, & A. M. Williams
(Eds.), The cambridge handbook of expertise and expert performance (2nd ed., pp.
506-531). Cambridge University Press.
Sparkes, A. C., & Smith, B. (2014). Qualitative research methods in sport, exercise and
health: From process to product. Routledge.
Steel, K. A., Harris, B., Baxter, D., King, M., & Ellam, E. (2014). Coaches, athletes, skill
acquisition specialists: A case of misrecognition. International Journal of Sports
Science & Coaching, 9(2), 367-378. https://doi.org/10.1260/1747-9541.9.2.367
Tracy, S. J. (2010). Qualitative quality: Eight “Big-Tent” criteria for excellent qualitative
research. Qualitative Inquiry, 16(10), 837-851.
https://doi.org/10.1177/1077800410383121
Triolet, C., Benguigui, N., Le Runigo, C., & Williams, A. M. (2013). Quantifying the nature
of anticipation in professional tennis. Journal of Sports Sciences, 31(8), 820-830.
https://doi.org/10.1080/02640414.2012.759658

106
van Rens, F. E. C. A., Burgin, M., & Morris-Binelli, K. (2019). Implementing a pressure
inurement training program to optimize cognitive appraisal, emotion regulation, and
sport self-confidence in a women’s state cricket team. Journal of Applied Sport
Psychology, 1-18. https://doi.org/10.1080/10413200.2019.1706664
Vernon, G., Farrow, D., & Reid, M. (2018). Returning serve in tennis: A qualitative
examination of the interaction of anticipatory information sources used by
professional tennis players. Frontiers in Psychology, 9, Article 895.
https://doi.org/10.3389/fpsyg.2018.00895
Weissensteiner, J., Abernethy, B., & Farrow, D. (2009). Towards the development of a
conceptual model of expertise in cricket batting: A grounded theory approach.
Journal of Applied Sport Psychology, 21(3), 276-292.
https://doi.org/10.1080/10413200903018675
Williams, A. M., & Jackson, R. C. (2019). Anticipation in sport: Fifty years on, what have we
learned and what research still needs to be undertaken? Psychology of Sport and
Exercise, 42, 16-24. https://doi.org/10.1016/j.psychsport.2018.11.014
Wright, C., Atkins, S., Jones, B., & Todd, J. (2013). The role of performance analysts within
the coaching process: Performance Analysts Survey 'The role of performance analysts
in elite football club settings.' International Journal of Performance Analysis in Sport,
13(1), 240-261. https://doi.org/10.1080/24748668.2013.11868645
Wright, M. J., & Bishop, D. T. (2019). Neurophysiological studies of action anticipation in
sport. In A. M. Williams & R. C. Jackson (Eds.), Anticipation and decision making in
sport (pp. 137-160). Routledge.

107
CHAPTER 4
Individual Differences in Performance and Learning of Visual Anticipation in Expert
Field Hockey Goalkeepers
Abstract
The study of anticipation in truly expert performers can provide insight into how they cope
with extreme time constraints. The purpose of this dual-experiment paper was to investigate
individual differences in anticipation of the penalty corner drag-flick, its trainability, and
transfer of improvement to field settings. Australian international and national male fieldhockey goalkeepers participated. In experiment 1, international and national goalkeepers (n =
11) completed a penalty corner drag-flick temporal occlusion task that presented defensive
runner positioning at the penalty spot, drag-flicker kinematics, and ball flight. Results
indicated seven goalkeepers integrated runner contextual and drag-flicker kinematic
information to anticipate above chance. The cause of individual differences was independent
pick-up of run and kinematic cues that presented greater opportunity to integrate sources for
anticipation. In experiment 2, a sub-sample of goalkeepers participated and received temporal
occlusion training or no training. Results indicated individualized improvement in
anticipation across video, field, and competition assessments for those that received the
intervention, but not controls. Improvements on video test were retained for six months. An
individual differences approach can identify deficiencies in anticipation, which can be
improved through perceptual training that transfers to motor responses. This contributes to
theoretical and practical knowledge to develop anticipation skill.
Keywords: individual differences, anticipation, field hockey goalkeeper, temporal
occlusion, training, transfer.
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Individual Differences in Performance and Learning of Visual Anticipation in Expert
Field Hockey Goalkeepers
The field of expertise in cognitive and motor domains has consistently investigated
truly expert performers, who have reached the highest level of competition, in order to
understand perceptual and motor performance (e.g., Bootsma & van Wieringen, 1990; Chase
& Simon, 1973; Land & McLeod, 2000). Truly expert performers are few in numbers and
form small populations, because as skill level increases, the total number of performers at the
highest skill level decreases (Müller, Brenton, & Rosalie, 2015; Walsh, 2014). For example,
in field hockey, the Australian international men’s and women’s teams include at times three
to four goalkeepers within each squad. Studies that have investigated performance of truly
expert performers have made unique advancements to knowledge of the underlying
mechanisms of expertise and shaped future research directions (Abernethy et al., 2001; Land
& McLeod, 2000). Furthermore, these studies provide information that can be used to tailor
training programs for those individuals, as well as emerging-expert athletes and lesser skilled
performers (Bilalić et al., 2008).
Visual anticipation is well established as a critical expertise skill for superior
performance in high time-constrained sports skills such as field hockey goalkeeping (Abreu
et al., 2017). In the literature, visual anticipation is defined as the capability of the performer
to pick-up advance visual cues from opponent contextual (e.g., player positioning) and
kinematic (movement pattern) information, as well as object flight information to predict
what will happen and guide motor responses (Müller & Abernethy, 2012). Anticipation is
necessary by the performer because in ballistic sports skills such as field hockey goalkeeping
at the international level, the ball can take as little as 350 ms from the drag-flicker’s stick
until it reaches the goalkeeper (Baker et al., 2009; Williams & Jackson, 2019). The dragflicker is a key attacking player who positions themselves with other attacking players at the
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top of the shooting circle during a set play penalty corner. Another attacking player known as
the injector, pushes the ball from the attacking goal baseline to a trapper positioned at the top
of the shooting circle who stops the ball with their stick for the drag-flicker. The dragflicker’s role is to then sling the ball into a target location of the goal at high-speed in order to
score. Given that the drag-flicker can deliver the ball to between four to six target goal
locations, this can result in a four-choice reaction time of approximately 400 ms for the
goalkeeper (Müller & Abernethy, 2012; Rosalie et al., 2017). Therefore, the performer needs
to pick-up advance visual cues to limit the reaction time delay and respond in a timely
manner to achieve the skill goal.
In their two-stage model of visual anticipation, Morris-Binelli and Müller (2017)
outline how visual information is used to guide action. In stage one, the performer pick-ups
contextual and kinematic (advance) information to anticipate and guide positioning of the
body. For example, in field hockey goalkeeping, contextual information refers to pick-up of
defensive runner location relative to the penalty spot during the penalty corner. Kinematic
information refers to the drag-flicker movement pattern that is used to direct the ball to
different goal locations. In stage two of the model, the performer pick-ups ball flight
information to anticipate and fine-tune body position for interception. In field hockey
goalkeeping, ball flight information can be used to fine-tune positioning of the hand or foot to
save the goal. A large body of work has confirmed pick-up of kinematic (e.g., Abernethy &
Russell, 1987b; Panchuk & Vickers, 2009) and object flight (e.g., Panchuk & Vickers, 2009)
information for anticipation. Less is known about whether performers can integrate
contextual and kinematic information to anticipate, individual differences in this capability,
as well as how training information pick-up benefits individual performers (Morris-Binelli &
Müller, 2017).
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The video-based temporal occlusion paradigm has been predominantly used to
investigate how groups of higher and lower skilled performers use contextual with kinematic
information to anticipate (Morris-Binelli & Müller, 2017). Briefly, the purpose of temporal
occlusion is to control the duration of visual information presented to the participant
(Abernethy & Russell, 1987a). Temporal occlusion involves footage of an opponent
executing skills such as different ball types in cricket, which are edited to place a black video
frame at key events such as at ball release or during ball flight (Runswick et al., 2018).
Thereafter, a randomized sequence of temporal occluded skill types is presented to
participants on a projector screen, and after occlusion, they can be required to anticipate
object location using a verbal, pencil and paper, or simulated motor response (Fadde, 2016;
Williams & Jackson, 2019).
Studies that have used video temporal occlusion have reported that groups of higher
skilled players are superior to groups of lesser skilled players in the pick-up of contextual
cues to anticipate, such as field-placings in cricket batting (Runswick et al., 2018), server
preferences in tennis return of serve (Farrow & Reid, 2012), pitch count in baseball batting
(Paull & Glencross, 1997), and court positioning in tennis return of serve (Loffing &
Hagemann, 2014). Importantly, studies have reported that even highly skilled players have
difficulty integrating contextual and kinematic information to anticipate (Runswick et al.,
2019). This has implications for theory and practice as follows. First, impaired selective
attention to contextual and kinematic information can delay stage one response in the
anticipation model. Second, an opponent could exploit a performer’s weakness to integrate
these information sources by forcing the performer to respond with their less proficient skill
set. For example, in the penalty corner, this could involve a scenario where the drag-flicker
targets the left goal locations because the goalkeeper is not aware that the defensive runner
positioning increases goal scoring options (Morris-Binelli et al., 2020). Understanding
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individual differences in the capability to integrate information to anticipate can provide finegrained detail to help improve deficiencies.
There is scant evidence on the use of video-based temporal occlusion to investigate
individual differences in perceptual anticipation, its trainability, and transfer in sport (MorrisBinelli & Müller, 2017). Like performance studies discussed above, training studies that have
used video-based temporal occlusion, have mainly investigated group-based improvement to
anticipation. For example, in training, temporal occlusion is applied at key events (e.g., ball
release or racquet-ball contact), and after the participant has made a prediction, the same trial
is displayed without occlusion to provide feedback for learning. Studies using this approach
have reported improvement on video (Abernethy et al., 2012) and field (Fadde, 2016;
Smeeton et al., 2005; Williams et al., 2002) tests. Two studies have employed video temporal
occlusion training to investigate individual improvements in anticipation (Müller et al., 2017;
Scott et al., 1998). Both studies were conducted over a very short time frame of between one
and three sessions and focused upon improving pick-up of kinematic information.
Nonetheless, improvements to in-situ performance were found, but the magnitude of
improvement varied across individual participants. There is scope to build upon this literature
to determine individual improvements to pick-up of contextual and kinematic information
through video temporal occlusion training.
Field hockey goalkeeping was used as the exemplar high-speed striking sport skill to
investigate individual differences in anticipation. Saving the penalty corner drag-flick on goal
requires anticipation because there is complex contextual information due to multiple
positioning of defensive and offensive players. Moreover, through subtle manipulation of
their kinematics, international drag-flickers can strike six goal locations if the defensive
team’s main runner does not make it directly to the penalty spot to block the shot on goal.
This can expose the goalkeeper if they do not read whether the goal is “open” or “closed”
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(contextual information) and the shot locations (kinematic information; Morris-Binelli et al.,
2020). Two experiments are reported involving highly specialized expert (international) and
emerging-expert (national) goalkeepers in Australia. The overall purpose of this paper was
twofold. First, experiment 1 investigated individual differences in goalkeepers’ capabilities to
anticipate the drag-flick on goal. Second, experiment 2, built upon experiment 1 to
investigate whether anticipation could be improved through video temporal occlusion
training, and whether improvement transferred to in-situ settings. Respective performance
and learning components of the experiments were based upon relative accessibility to
goalkeepers.
Experiment 1
Existing knowledge of anticipation in sport is based upon group-designs where
experts or skilled performers are compared to lesser skilled performers or novices. This
approach has been useful to understand how anticipation is differentiated across extremes of
the skill continuum. This can, however, mask individual capabilities or deficiencies, which
prevents conclusions about how individual athletes anticipate successfully or unsuccessfully.
Therefore, the specific purpose of experiment 1 was to investigate individual differences in
the capability of goalkeepers to pick-up, and integrate, contextual (goal open or closed) and
kinematic (goal location) advance information to anticipate the drag-flick. Through this, it
was possible to delineate the perceptual causes of individual differences to anticipation. It
was hypothesized that there would be individual differences in the capability to integrate
contextual and kinematic information to anticipate penalty corner drag-flick shots on goal.
Method
Participants
A total of 11 expert and emerging-expert male field hockey goalkeepers (Mage = 25,
SD = 4.38) were recruited to partake in this study. The expert goalkeepers (n = 4) played at
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international level for the Australian national field hockey team. These goalkeepers had
played an average of 77 (SD = 65.04) international matches, and had been playing
competitively as specialist goalkeepers for an average of 17 years (SD = 5.60). The emergingexpert goalkeepers (n = 7) played at national level in competitions such as Hockey One
(formerly Australian Hockey League) for state (provincial) high-performance teams across
Australia. They had been playing competitively as specialist goalkeepers for an average of 11
years (SD = 2.64). The emerging-expert goalkeepers were identified by national team coaches
to have the capability to play for Australia. Collectively, these goalkeepers comprised the
entire population of expert and emerging-expert male goalkeepers in Australia. Goalkeepers
are specialist position players in a field hockey team, so with an increase in skill level there is
a smaller pool of truly expert position players (Müller, Brenton, & Rosalie, 2015; Swann et
al., 2015). As this study investigated individual differences in the capability to anticipate,
each dependent variable was powered and analyzed based upon individual trials for each
participant (Müller, Brenton, Dempsey, et al., 2015). Accordingly, a-priori power analyses
were conducted to ensure that each dependent variable had enough trials per participant to
detect small effects (see statistical analysis section for details). Ethics approval was received
from the relevant institution and all participants provided written informed consent.
Instrument Design
A high-speed video camera (GoPro model HERO4) sampling at 120 frames-persecond was used to capture footage of typical penalty corner scenarios. This involved a
defensive player running towards a trapper, and a specialist drag-flicker executing penalty
corner drag-flicks at goal. Two defensive runners, injectors, trappers, and drag-flickers
participated in the filming and were members of the Australian national men’s field hockey
team. The GoPro was positioned on the goalkeeper’s offset (one side-step right from the
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middle of and on the goal line) starting position, at a height that approximately matched the
goalkeeper’s viewing perspective in a game.
The defending runner was instructed to execute two run types, which are common in
an international match: (1) a “tight” run, where the runner’s body passes over the penalty spot
restricting the drag-flickers capability to shoot at the left side of the goal from the
goalkeepers perspective (i.e., goal face closed), and (2) a “loose” run, where the runner’s
body is to the left of, and misses, the penalty spot, which allows the drag-flicker to shoot at
the left side of the goal (i.e., goal face open). Based upon expert coach advice, this defending
runner acts as contextual information in a penalty corner (i.e., player positioning), as a tight
or loose run can determine the likelihood of the number of goal locations the drag-flicker can
direct the ball towards (Morris-Binelli et al., 2020). Each of the two drag-flickers were
instructed to deliver two sets of drag-flicks to six goal locations; top-right (1), bottom-right
(2), top-middle (3), bottom-middle (4), top-left (5), and bottom-left (6), when the runner
executed a loose run. In addition, each drag-flicker was instructed to deliver two sets of dragflicks to four goal locations; top-right (1), bottom-right (2), top-middle (3), and bottommiddle (4), when the runner executed a tight run. Accordingly, each drag-flicker executed 20
unique drag-flicks on goal. Before each penalty corner, the runner and drag-flicker were
informed which run type and goal location was required. During filming, an expert
goalkeeping coach viewed each penalty corner and verified whether the defender had
executed a tight or loose run. Later, the same coach viewed the footage and confirmed
whether the skills were executed to international standard, with the selected footage used in
test trials.
The footage was edited using Adobe Premiere Pro CS6 to create a temporal occlusion
video test that consisted of 120 test trials. These trials consisted of 3 (temporal occlusion
conditions) × 6 (goal locations) × 4 (unique versions; 2 from each drag-flicker) for loose runs
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+ 3 (temporal occlusion conditions) × 4 (goal locations) × 4 (unique versions; 2 from each
drag-flicker) for tight runs. Temporal occlusion was applied at selected events to present
contextual and kinematic information as follows. First, footage was occluded when the
defending runner was in line with the penalty spot (Run). This occlusion was chosen as it
occurs at the beginning of the drag-flicker’s action and presented contextual information.
Second, footage was occluded immediately prior to ball release from the drag-flicker’s stick
(Stick-Ball). This occlusion displayed the defender’s run and drag-flicker’s movement
pattern, which presented contextual and kinematic information. Third, a no occlusion control
condition was included to provide all visual information prior to, at, and after ball release
(Ball Flight; see Figure 1).
Figure 1
Final Frame Examples Prior to Temporal Occlusion in the Penalty Corner Drag-Flick
Anticipation Test

Note. Temporal occlusion occurred at (a) the point when the defending runner reached the
penalty spot (Run; contextual information), and at (b) stick-ball release (Stick-Ball;
contextual and kinematic information). A control condition (c) was also included with no
occlusion (Ball Flight), which provided all advance (contextual and kinematic) and ball flight
information.
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Test trials were presented in a single block with the order randomized. Each trial
began with a 1 s still frame of the trapper and drag-flicker at the top of the penalty circle to
allow the participant time to orient to the task and played afterwards. Trial numbers were
presented centrally on the screen before the commencement of the footage. An intertrial
interval (ITI) of 5 s occurred between each trial, followed by an audible tone 4 s into the ITI
to notify the approach of the next trial.
Procedure
The temporal occlusion test was projected through a Dell Latitude laptop (model
E5570) and an Acer high-definition projector (model H1P1117) onto a screen (1.88 m × 1.18
m) in a room. Participants stood 5 m from the screen to create a mathematically calculated
viewing angle of the drag-flicker of 8°, as would occur in a match. Masking tape was placed
on the floor to demarcate the goal configuration and offset stance position (see Figure 2). On
each trial, as would occur in a match, participants started on the offset goal line position, took
one step forward and watched the footage. Immediately after the conclusion of the footage,
participants verbalized the run type (i.e., tight or loose) and the balls goal location (i.e., 1 to
6). This response mode was deemed appropriate based upon literature that has reported
activation of the motor system in visual-perception tasks (e.g., Aglioti et al., 2008). To
minimize cognitive fatigue, the test was completed in three blocks of 40 trials, with a few
minutes break between each block. Participants completed the test individually with a video
camera (GoPro model HERO6 Black) positioned behind to record footage and audible
response for later coding (Brenton et al., 2016). To familiarize participants with the task, they
were shown an unoccluded trial of each run type and goal location combination, followed by
four temporal occlusion trials with feedback. During the test phase, familiarization trials were
not included, and participants were not given feedback. Familiarization and test trials took
approximately 25 minutes to complete.
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Figure 2
Experimental Setup for Video-Based Temporal Occlusion Test and Training

Note. Participants stood at the offset position on the goal line facing the projector screen.
Dependent Measures and Statistical Analyses
To address the hypothesis, data analysis selectively focused upon each goalkeeper’s
prediction of run type (contextual information) and goal location (kinematic information)
combined relative to each run type at each of the temporal occlusion conditions. The main
focus, however, was the stick-ball temporal occlusion condition that presented both
contextual and kinematic information. There were two primary dependent variables; (a)
absolute correct prediction accuracy for a loose run and goal location (i.e., goal open = six
locations), and (b) absolute correct prediction accuracy for a tight run and goal location (i.e.,
goal closed = four locations). A secondary dependent variable was analyzed to investigate
what underpinned individual integration of information pick-up; that is, absolute correct
prediction accuracy of run type and location independently at the stick-ball temporal
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occlusion condition. Data are plotted as percentages for individual goalkeepers for ease of
graphical display.
To investigate the hypothesis, the statistical test focused upon whether anticipation
was above chance level because this has been previously reported in the literature to indicate
information pick-up (Abernethy & Zawi, 2007; Causer et al., 2017). As the dependent
variables were categorical, non-parametric binomial tests were used (Russo, 2004). The
purpose of this test was to determine whether each participant predicted above, at, or below
the guessing level of 8.3% for loose run and goal location (i.e., possibility of two run types ×
six goal locations = 12 possible response options), and 12.5% for tight run and goal location
(i.e., possibility of two run types × four goal locations = 8 possible response options). In the
case of the primary dependent variable, each participant completed 24 trials for the loose run
and 16 trials for the tight run at each temporal occlusion condition. A-priori power analysis
was conducted in G-Power with α = .05, 80% power, and a 95% confidence interval, which
indicated that 24 and 16 trials for each participant could detect small effects of 0.19 and 0.28
(Hedges g), respectively. Assumptions of binomial tests were checked and met according to
Russo (2004). As this study was the first of its kind in terms of investigating individual
differences in perceptual anticipation, alpha level for binomial tests was set at 0.05 (Hopkins
et al., 2009; Perneger, 1998). To complement the binomial test, effect sizes of each
participants’ predictions at each occlusion condition were calculated as absolute percentage
differences from the respective guessing level (Cumming, 2014). In addition, where
necessary, to further identify differences between participants at each occlusion condition,
absolute percentage difference effect sizes were calculated. Magnitude-based inferences are
more informative for identifying the size and practical significance of an effect than relying
solely upon statistical significance (Batterham & Hopkins, 2006; Cumming, 2014;
Wilkinson, 2014).
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Results and Discussion
Figure 3 and 4 plot each goalkeepers’ prediction accuracy for loose run and goal
location, as well as tight run and goal location, respectively, at each temporal occlusion.
Prediction of Loose Run and Goal Location
At the stick-ball temporal occlusion, seven out of the 11 goalkeepers could anticipate
loose runs and the ball’s goal location above the guessing level of 8.3% (GK, 2 & 3, p = .044;
4, p = .003; 5, p = .012; 6 & 7, p < .001; 9, p < .001, see Figure 3). These results reveal
individual differences such that most, but not all, goalkeepers can pick-up some contextual
and kinematic information to anticipate. The capability to integrate information sources,
however, did not appear to be dependent upon higher level of participation. For example,
goalkeeper 9, who competes at national level, outperformed goalkeepers 2 and 3, who
compete at international level (i.e., effect size difference of 29%, see Figure 3).
Figure 3
Goalkeepers’ Absolute Percentage Accuracy for Loose Run and Goal Location Combined at
the Temporal Occlusion Conditions

Note. Horizontal line indicates guessing level of 8.3%. Asterisks indicates prediction above
guessing level (p < .05). Error bars are not plotted, as these are absolute values. Absolute
percentage effect size difference from guessing is embedded as part of absolute percentage
correct.
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Although some participants could anticipate above guessing level, percentage correct
ranged from 21% to 50% at the stick-ball temporal occlusion. Table 1 presents more finegrained detail of the perceptual cause of individual differences in goalkeepers’ anticipation.
First, each goalkeeper appears more accurate at anticipation of the loose run in isolation, than
goal location in isolation. This could be because defensive runner positioning is more salient
than drag-flicker kinematics. Second, there is a trend that higher or lower accuracy in
prediction of loose run and goal location in isolation, which indicates attention to contextual
and kinematic information, in turn results in superior (e.g., GK 9 & 4) or inferior (e.g., GK 1)
integrated anticipation, respectively (see Table 1). Accordingly, it appears that goalkeepers
who can more accurately identify loose runs and goal locations in isolation have more
opportunity to integrate both on the same trial (e.g., see GK 9, Table 1). Collectively, these
results indicate that all goalkeepers have greater difficulty in the pick-up of kinematic
compared to contextual information to anticipate. Furthermore, some goalkeepers have
difficulty with pick-up of loose runs to anticipate. It is important, however, to point out here
that our anticipation task was more challenging with 12 and 8 response options for loose and
tight run, respectively, compared to previous work in field hockey goalkeeping that included
4 response options (Baker et al., 2009). Therefore, our task is highly representative of the
multiple options faced by goalkeepers under match conditions.
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Table 1
Goalkeepers’ Percentage Correct Anticipation of Run Type, Goal Location, and Run Type and Goal Location Combined for Loose and Tight
Runs at the Stick-Ball Temporal Occlusion Condition, Across Video Test Phases in Experiments 1 and 2
Loose Run
Exp.1 - Test
Goalkeeper RC

LC

R&L
(/24) %

Tight Run

Exp.2 - Re-test
RC

LC

R&L
(/24) %

Exp.2 - Retention
RC

LC

R&L
(/24) %

Exp.1 - Test
RC

LC

R&L
(/16) %

Exp.2 - Re-test
RC

LC

R&L
(/16) %

Exp.2 - Retention
RC

LC

R&L
(/16) %

1

38

29

(3) 13

88

46

(9) 38*

92

33

(8) 33*

88

31

(4) 25

75

25

(3) 19

88

19

(3) 19

2

67

38

(5) 21*

92

33

(6) 25*

96

50 (11) 46*

94

25

(4) 25

63

44

(4) 25

56

38

(4) 25

3

75

38

(5) 21*

83

54 (10) 42*

83

46

(9) 38*

88

56

(7) 44*

94

50

(7) 44*

100

63 (10) 63*

4 (Control) 83

33

(7) 29*

92

38

(8) 33*

50

29

(6) 25*

94

38

(5) 31*

75

44

(5) 31*

94

19

(2) 13

5 (Control) 42

29

(6) 25*

54

29

(3) 13

38

29

(1) 4

44

25

(1) 6

50

13

(1) 6

88

25

(4) 25

6

88

33

(8) 33*

-

-

-

-

-

-

56

38

(4) 25

-

-

-

-

-

-

7

79

42

(8) 33*

-

-

-

-

-

-

94

38

(6) 38*

-

-

-

-

-

-

8

54

17

(3) 13

-

-

-

-

-

-

69

50

(6) 38*

-

-

-

-

-

-

9

96

50

(12) 50*

-

-

-

-

-

-

75

38

(6) 38*

-

-

-

-

-

-

10

83

25

(4) 17

-

-

-

-

-

-

81

31

(5) 31*

-

-

-

-

-

-

11

79

17

(4) 17

-

-

-

-

-

-

69

38

(6) 38*

-

-

-

-

-

-

Note. RC = absolute percent run correct. LC = absolute percent goal location correct. R&L = absolute correct run and goal location out of the 24
and 16 trials at stick-ball temporal occlusion (loose and tight) and respective percentage. Asterisks indicates predictions above the guessing level
of 8.3% for loose run and location correct, and 12.5% for tight run and location correct (p < .05). Goalkeepers 6 – 11 did not partake in re-test
and retention phases.
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In the run temporal occlusion condition, two of the expert, and one of the emergingexpert goalkeepers, could anticipate loose run and goal location above the guessing level of
8.3% (GK, 3, p = .003; 4, p = .012; 6, p = .044, see Figure 3). This suggests some
goalkeepers can use information from the defensive runner coinciding with drag-flicker ball
collection onto their stick from the trapper to anticipate. These goalkeepers maintained above
chance prediction at stick-ball occlusion (see Figure 3). At the ball flight condition, all
goalkeepers anticipated loose run and goal location above the guessing level of 8.3% (ps
< .001, see Figure 3). This indicates that all goalkeepers rely heavily on ball flight
information, which may compromise their capability to save a goal because of the severe
time constraints.
Prediction of Tight Run and Goal Location
At stick-ball temporal occlusion, seven out of the 11 goalkeepers were able to predict
tight runs and the ball’s goal location above the guessing level of 12.5% (GK, 3, p = .002; 4
& 10, p =.041; 7, 8, 9 & 11, p = .010, see Figure 4). Again, these results reveal individual
differences in the capability to integrate contextual and kinematic information in order to
anticipate. Like loose run, the capability to integrate contextual and kinematic information
did not appear to be dependent upon higher level of participation. For example, goalkeeper 8
and 11 are emerging-expert goalkeepers that compete at national level, yet their anticipation
was higher than goalkeeper 1 and 2, who compete at international level (i.e., effect size
difference of 13%, see Figure 4).
Similar to the loose run, anticipation of tight run and goal location did not exceed
50%, ranging between 31% and 44% for those goalkeepers who were significantly above the
guessing level. Moreover, Table 1’s fine-grained analysis revealed similar trends to the loose
run, that is; higher anticipation accuracy of tight runs in isolation compared to goal location
in isolation, as well as more frequent pick-up of tight run and ball location in isolation that
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provides greater opportunity to integrate both for above chance prediction (e.g., see GK 3,
Table 1). Overall, integration of contextual and kinematic information to anticipate appears as
difficult for tight runs as is it for loose runs.
Figure 4
Goalkeepers’ Absolute Percentage Accuracy for Tight Run and Goal Location Combined at
the Temporal Occlusion Conditions

Note. Horizontal line indicates guessing level of 12.5%. Asterisks indicates prediction above
guessing level (p < .05). Error bars are not plotted, as these are absolute values. Absolute
percentage effect size difference from guessing is embedded as part of absolute percentage
correct.
At the run temporal occlusion condition, five goalkeepers were able to anticipate tight
runs and goal locations above the guessing level of 12.5% (GK, 1 & 11, p = .010; 2, 3 & 7, p
= .041, see Figure 4). Given a similar observation for loose run, it appears some
goalkeepers can integrate runner and drag-flicker ball collection for above chance prediction.
Not all goalkeepers, however, could maintain prediction above guessing to the stick-ball
occlusion, with GK 1 and 2, but not GK 3, 7, and 11, scoring below guessing (see Figure 4).
All goalkeepers anticipated tight runs and goal location above the guessing level of 12.5% (ps
< .001) at the ball flight temporal occlusion, indicating again, heavy reliance on later
occurring visual information (see Figure 4). Collectively, there is justification for temporal
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occlusion training to help facilitate pick-up of advance information for anticipation that can
provide more time to respond when saving a goal.
Experiment 2
Experiment 1 revealed that some goalkeepers could pick-up contextual and kinematic
information, but integration of this information to anticipate was challenging. This is
concerning because goalkeepers are faced with complex multiple player information and
high-time constraints. They also have limited opportunity to train penalty corner defense on
pitch due to the concern that shots on goal may injure defensive runners (Morris-Binelli et al.,
2020). Further, they are unable to practice against drag-flickers they will face in competition
(Morris-Binelli et al., 2020). Video-based temporal occlusion training provides a low cost
and technologically less demanding way to deal with these challenges. Therefore, the specific
purposes of experiment 2 were to investigate whether; (a) video temporal occlusion training
could improve integration of contextual and kinematic information for anticipation (i.e.,
across experiment 1 to 2), and (b) improvements from video temporal occlusion training
would be retained and transfer to the field as well as competition settings (experiment 2). It
was hypothesized that: (i) there would be individual improvements in the capability of
goalkeepers who received the intervention to integrate contextual and kinematic information
for anticipation, with no improvement for control goalkeepers, and (ii) there would be
individualized retention and transfer for some goalkeepers that received the intervention, but
not for the control goalkeeper.
Method
Participants
Some participants in experiment 1 resided across Australia, so a sub-sample of five
goalkeepers (Mage = 29, SD = 1.41) from experiment 1, who resided in the lead institutions
state (province) participated in experiment 2. Such geographical restrictions that limit access
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to truly expert athletes for extended periods of time is common in sports with international
high-performance training centers (Müller, Brenton, & Rosalie, 2015). The sub-sample
consisted of the four expert goalkeepers who played at international level and one emergingexpert goalkeeper who played at national level. As in experiment 1, the video and field-based
tests employed in experiment 2 were powered based upon an individual trial basis (see
training instrument validation and statistical analyses sections for relevant details).
Experimental Design, Instruments, and Procedure
Due to the accessible sample size and the reluctance of expert coaches to allow only
some of their athletes to receive an intervention (Panchuk et al., 2018), observational type
designs were employed. Accordingly, video test, re-test, and retention, with a field pre- and
post-test, as well as a within-subject repeated-measures competition transfer assessment, all
at the individual participant level, were implemented (e.g., see Brenton, Müller, & Harbaugh,
2019). The intervention consisted of video-based temporal occlusion training including inmatch footage of opposition penalty corners. Video test results from experiment 1 were used
as a pre-test. Three of the expert goalkeepers received the intervention, while the remaining
expert and emerging-expert goalkeepers did not and acted as controls. Participants completed
the video re-test a week after conclusion of the intervention and six months later as a
retention test. As the expert control goalkeeper was not available to complete the field
transfer tests, the emerging-expert goalkeeper was the sole control participant for this
component. Further, only two of the expert goalkeepers had match statistics before and after
the intervention. Accordingly, their match statistics were gathered over two time points
before the intervention (baseline 1 and 2) to act as a control phase, as well as after training
(post-test), to assess transfer to competition. All participants partook in standard field hockey
practice and matches, with none involved in any other form of visual training during the
study.
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Training Instrument Design and Validation. Prior to in-match filming of penalty
corners from a crossbar view for design of temporal occlusion training stimuli, anticipation
scores between viewing perspectives was compared. During filming of experiment 1, a
second GoPro was placed on the crossbar of the goal in the same offset position to the in-goal
camera (see Figure 5). This camera view could also capture the defensive runner, trapper and
drag-flicker shot on goal. Footage from the crossbar view was used to create a temporal
occlusion test, as per experiment 1 in-goal view. Due to restriction upon participant time, the
crossbar test included the same combinations of runs, goal locations and temporal occlusions,
but was limited to two unique versions, totaling 60 trials. Four expert goalkeepers completed
the crossbar temporal occlusion test two months after experiment 1 video test. Anticipation
on the crossbar and in-goal (experiment 1) tests for the same 60 trials were compared.
Individual goalkeeper percentage accuracy at each occlusion condition was collapsed
together for analysis. A-priori power analysis was conducted in G-Power with α = .05, 80%
power, and a 95% confidence interval, which indicated that for loose run and goal location
combined, 96 trials at each occlusion condition could detect a small effect (w = 0.29). For
tight run and goal location combined, 64 trials at each occlusion condition could detect a
moderate effect (w = 0.36). Chi-square tests indicated there was no significant difference in
the proportion of percentage correct for loose run and goal location combined between the ingoal and crossbar tests at; Run [in-goal: 15%, crossbar: 19%; χ2 (1) = .30, p = .584], StickBall [in-goal: 29%, crossbar: 27%; χ2 (1) = .05, p = .820], and Ball Flight [in-goal: 67%,
crossbar: 75%; χ2 (1) = .81, p = .369] temporal occlusion conditions. There was also no
significant difference in the proportion of percentage correct for tight run and goal location
combined between the in-goal and crossbar test at; Run [in-goal: 38%, crossbar: 34%; χ2 (1)
= .07, p = .794], Stick-Ball [in-goal: 34%, crossbar: 28%; χ2 (1) = .29, p = .590], and Ball
Flight [in-goal: 94%, crossbar: 88%; χ2 (1) = .74, p = .672] temporal occlusion conditions.
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These results indicate that viewing the penalty corner from the hockey goal’s crossbar does
not impede anticipation.
Figure 5
Example of the Final Frame Prior to Stick-Ball Temporal Occlusion in the Crossbar View
Anticipation Test

Temporal Occlusion Training Stimuli. A high-speed GoPro was positioned on each
goal’s crossbar at international and national matches to capture penalty corners. Later, an
expert field hockey goalkeeping coach viewed each penalty corner to determine whether the
lead defending runner had executed a tight or loose run, and the hockey ball’s goal location
(i.e., locations 1 to 6, as per video test of experiment 1). Only direct drag-flicks at goal and no
deflections or hits were chosen as stimuli. Thirty-seven penalty corners consisting of 20
different drag-flickers, 24 tight runs, 13 loose runs, and drag-flicks to each of the six goal
locations, were used to create temporal occlusion training stimuli. The two drag-flickers in
experiment 1 video test were not included in the training stimuli. As the focus was to improve
integration of contextual and kinematic information to anticipate, temporal occlusion was
applied at stick-ball release, 80 ms after stick-ball release or there was no occlusion, like
previous literature (Baker et al., 2009; Brenton, Müller, & Dempsey, 2019).
Training Procedures. Intervention goalkeepers received three sessions of video
occlusion training per week for a four-week period, plus a final session at the beginning of
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the fifth week. The video training consisted of 4 (locations out of 1 – 4 goal targets) × 2
(temporal occlusion conditions) × 2 (replications) for tight runs + 4 (locations out of 1 – 6
goal targets) × 2 (temporal occlusion conditions) × 2 (replications) for loose runs totaling 32
trials per session. This volume of trials enabled the training sessions to be incorporated into
the high-performance program alongside standard hockey practice. When creating each
session from the pool of 37 match penalty corners, it was ensured that the distribution of
drag-flicks to the goal locations was even across the 13 training sessions. Each of the match
penalty corners was presented approximately three times across the 13 training sessions.
Further, a penalty corner was not repeated until at least two sessions had passed to reduce
familiarity and challenge the goalkeepers. As the 37 match penalty corners consisted of 20
different drag-flickers, each training session contained at least five different drag-flickers.
Training sessions were structured to progressively challenge participants and guard
against disengagement due to task difficulty by presenting less ball flight information in a
blocked to random schedule (Brenton, Müller, & Dempsey, 2019). At the beginning of the
first session, participants viewed familiarization trials of each run type and goal location to
orient themselves to the match footage. Thereafter, training sessions one to three included
equally blocked trials of no occlusion, followed by temporal occlusion 80 ms after stick-ball
release. Sessions four to six included equally blocked trials occluded 80 ms after stick-ball
release, followed by stick-ball release temporal occlusion. Sessions seven to nine contained a
randomized sequence of trials temporally occluded at 80 ms after and at stick-ball release.
Sessions 10 to 13 included trials temporally occluded only at stick-ball release. Like
experiment 1, participants watched the projected footage in a sports-specific stance and
verbalized their response (Panchuk et al., 2018), which was recorded by a GoPro.
Immediately afterwards, participants were given feedback by the run type and goal location
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presented on the screen, followed by an unoccluded version of the previous training trial.
Each training session was completed individually and took approximately 15 minutes.
Re-test, Retention, Transfer, and Competition Performance Procedures. The test
procedures for the video re-test and retention were the same as experiment 1.
The in-situ field transfer test was designed to correspond to perceptual information in
the video test, but required goalkeepers to save the drag-flicks on goal. On an international
field hockey pitch, three synchronized high-speed cameras (GoPro model HERO6 Black)
sampling at 120 frames-per second were positioned around the penalty circle (see Figure 6).
In the pre- and post-transfer-tests, each goalkeeper faced 20 penalty corner drag-flicks
consisting of; 4 (goal locations: 1 – 4) × 2 (replications) for tight runs + 6 (goal locations: 1 –
6) × 2 (replications) for loose runs. To minimize potential injury, penalty corners were
performed by multiple injectors, trappers, defending runners, and a pool of drag-flickers who
played at international level for Australia, with a limitation imposed upon trial numbers by
coaching staff, which is common in elite sport (Müller, Brenton, & Rosalie, 2015). On each
test trial, the defensive runner and drag-flicker were instructed from a predetermined
randomized matrix to execute the run type and shot on goal, respectively. An expert field
hockey coach was present to verify whether the skills were executed correctly. If a trial was
not completed successfully, the next trial on the matrix was completed and the unsuccessful
trial was repeated later. Each individual testing session took approximately 15 minutes to
complete.
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Figure 6
In-Situ Field Test Player and Equipment Set-Up

Note. Goalkeepers (GK) stood at the offset position on the goal line and attempted to save
penalty corner drag-flicks. The defensive runner executed tight runs with drag-flicks executed
to four goal locations (i.e., 1 – 4), or loose runs with drag-flicks executed to six goal locations
(i.e., 1 – 6).
In relation to competition performance, the number of saved penalty corner dragflicks for each goalkeeper were sourced from the team analyst. These match statistics were
taken from international tournaments, which featured top 10 ranked teams, across the 2017
and 2018 seasons. The tournaments used in each goalkeeper’s baseline 1 and baseline 2
measurements was dependent on the amount of drag-flicks each goalkeeper faced per match.
The number of saved drag-flicks in 2018 tournaments directly post-intervention were used for
both goalkeeper’s post-test. Only direct drag-flicks that arrived at the goal unobstructed and
required a save by the goalkeeper were included for analysis. Goalkeeper 2 faced 8, 13, and 4
penalty corner drag-flicks at baseline 1, baseline 2, and post-test, respectively. Goalkeeper 3
faced 8, 5, and 5 penalty corner drag-flicks at baseline 1, baseline 2, and post-test,
respectively.
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Dependent Measures and Statistical Analyses
The dependent variables and statistical analyses for the video re-test and retention
were the same as experiment 1. The exception was that absolute percentage change effect
sizes were calculated for each goalkeeper to identify anticipation performance improvement
between test phases, at stick-ball temporal occlusion. This was to further identify
improvement in the integration of advance cue contextual and kinematic information.
The in-situ test included three dependent variables at the individual participant level:
(i) absolute response accuracy, which was defined as the percentage of successful goals saved
(e.g., Müller et al., 2017), (ii) error distance, which was defined as the mean estimate distance
(cm) between the ball and the saving limb (i.e., arm or leg; Müller & Abernethy, 2008), and
(iii) response initiation time, which was defined as the mean initiation of the final definitive
movement of the arm or leg in the direction of the hockey ball to save the goal (Abernethy,
1984). In relation to response accuracy, a previously validated scale (Müller & Abernethy,
2008) was adapted to categorize performance as follows: (a) save (i.e., contact made with the
ball resulting in no goal), (b) unsuccessful contact (i.e., contact made with the ball, but a goal
was scored), and (c) miss (i.e., no contact made with the ball resulting in a goal). All
dependent variables were analyzed in Kinovea (version 0.8.27) software using a frame-byframe analysis, with synchronized front- and side-on camera angles to determine save and
error values, with definitive movement time calculated from stick-ball release. The point of
stick-ball release was considered time zero, with positive values indicating definitive
movement after stick-ball release. An approximation of average ball speed of the drag-flicks
was also calculated for each goalkeeper. This was done by applying the following formula:
speed (m/s) = distance from penalty spot to goalkeeper (5.3 m), divided by the ball transit
time from penalty spot until the instant of glove/stick/foot contact or where the ball was in
line with the goalkeepers body (in ms), and converted to km/h (Müller, Brenton, Dempsey, et
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al., 2015).
Linear Mixed Model (LMM) analyses with time (i.e., pre- and post-test) as a fixed
effect and each goalkeeper as a random effect were run to determine individual change in
dependent variables over test phases (Müller et al., 2017). If ball velocity varied across
participants and test phases, it was included as a covariate in the analysis. Run types and goal
locations were collapsed for each goalkeeper across test phases when running all analyses,
with statistical significance set at α = .05. A-priori power analysis was conducted in G-Power
with α = .05, 80% power, and a 95% confidence interval for individual participant change
across testing phases. This indicated that for 40 trials per participant, the field test was
powered to detect a moderate effect (d = 0.40). To complement the LMM analysis for
response accuracy, the odds ratio was calculated relative to the overall model, with absolute
score difference effect sizes calculated for individual change in response accuracy over test
phases (Müller et al., 2017). In relation to error and movement initiation LMM, two effect
sizes were calculated. The first effect size was calculated by dividing pre-to-post-test change
by the standard deviation of the residual, which is essentially similar to Cohen’s d (Feingold,
2015). The second effect size calculated was the mean score difference for each goalkeeper
across test phases (Cumming, 2014).
The dependent variable for competition transfer assessment was absolute response
accuracy for each goalkeeper in each assessment phase, which was defined as the percentage
of successful goals saved. Due to the small number of direct drag-flicks for each goalkeeper,
descriptive statistics and absolute score difference effect sizes across baseline 1, baseline 2,
and post-test are reported.
Results and Discussion
Video Re-Test and Retention
Table 1 presents each goalkeeper’s absolute percentage accuracy improvement of
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anticipation for tight and loose runs at the stick-ball temporal occlusion across test phases.
Loose Run and Goal Location. Binomial tests indicated goalkeeper 1 improved
anticipation of loose run and goal location from chance level prediction at test (experiment
1), to significantly above the guessing level at re-test (p < .001, ES = 25%). Closer inspection
of goalkeeper 1’s prediction, revealed effect size improvements of 50% and 17% for loose
run and goal location in isolation, respectively. Furthermore, effect size indicated that
goalkeeper 3 improved 21% for loose run and goal location across test to re-test, with re-test
anticipation remaining above chance (p < .001). For this goalkeeper, the intervention
improved pick-up of kinematic information (goal location) in the order of a 16% effect size.
Goalkeeper 2 who received the intervention and both control goalkeepers, did not show any
marked improvement. Goalkeepers 2 and 4 (control), however, maintained their prediction
above chance at re-test (ps < .05), but control goalkeeper 5’s anticipation decreased to
guessing at re-test (p > .05). These findings indicate that the magnitude of improvement in
anticipation due to temporal occlusion training can vary relative to the individual, but the
intervention facilitated integration of contextual and kinematic information to anticipate.
Intervention goalkeepers 1 and 3 appeared to maintain their capability to integrate
contextual and kinematic information to anticipate across re-test to retention phases, with
prediction above guessing level (ps < .001). In contrast, control goalkeepers 4 and 5 remained
stable with prediction above (p = .012) and at (p = .396) guessing level, respectively (see
Table 1). Accordingly, it appears the benefits of temporal occlusion training is long lasting
for this component of prediction. Interestingly, goalkeeper 2, who did not improve across test
to re-test phases, showed an effect size improvement of 21% across re-test to retention, with
anticipation above guessing level (p < .001). This tentatively suggests that the training may,
for some, have a delayed effect on the capability to integrate contextual and kinematic
information for anticipation.
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Tight Run and Goal Location. None of the goalkeepers who received the
intervention improved their capability to anticipate across test to re-test phases. That is,
binomial tests indicated that their prediction of tight run and goal location remained at
guessing (GK 1 & 2, ps > .05) or at the same score above guessing (GK 3, p = .002) at re-test.
These findings suggest that additional temporal occlusion training is needed to improve
prediction of tight runs, as these may be more difficult to discriminate compared to loose
runs. Given the lack of improvement in tight run and location anticipation, it is difficult to
determine degree of retention. Nonetheless, goalkeeper 3 seemed to exhibit a delayed training
benefit with an effect size improvement of 19% across re-test to retention. Control
goalkeepers’ anticipation decreased to (GK 4), or remained at (GK 5), guessing level at the
retention phase (ps > .05).
Field Transfer Test
Ball Speed. Table 2 presents descriptive data for average drag-flick speed for test
phases and individual goalkeeper. LMM indicated that there was a significant difference in
ball speed across the test phases, p < .001. Consequently, ball speed was included as a
covariate in the LMM analyses for each dependent variable.
Table 2
Average Ball Speed Relative to Goalkeepers
Speed (km/h)
Pre-test

Post-test

Goalkeeper

M (SEM)

M (SEM)

1

106.10 (1.53)

111.66 (1.34)

2

112.19 (1.92)

121.09 (1.59)

3

113.10 (2.30)

113.72 (1.07)

5 (Control)

108.83 (1.50)

110.08 (1.42)
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Response Accuracy. Figure 7 (a) presents absolute percentage accuracy for each
participant across test phases. A first LMM including the control goalkeeper indicated that
overall there was no significant change in response accuracy across test to re-test phases (p
= .281). The odds ratio, however, indicated that the odds of a successful save was 47.03%
higher in the post- compared to pre-test. A second LMM run with the control goalkeeper
omitted indicated an odds ratio of 71.59% for successful saves in the post- compared to pretest, despite a lack of significance (p = .212). Absolute score effect size differences across
pre- to post-test indicated the intervention improved save performance by 22%, 5%, and 10%
for goalkeeper’s 1, 2, and 3, respectively, while the control goalkeeper did not improve.
Error Distance. Figure 7 (b) presents mean error distance for each goalkeeper across
test phases. LMM indicated that overall there was no significant change in error distance to
ball across pre- to post-test, χ2 (1) = 2.31, p = .064, but there was a small effect size
improvement (d = -0.25). Mean score difference effect sizes indicated a decrease in error of
17.79 cm and 4.02 cm across test phases for goalkeeper 1 and 2, respectively. Goalkeeper 3
and 5 (control) had minimal changes of 0.48 cm and 0.88 cm, respectively, across test phases.
Initiation of Definitive Movement. Figure 7 (c) presents mean response initiation
time for each participant across test phases. LMM indicated there was a significant change in
response initiation across test phases, χ2 (1) = 3.82, p = .025, with a small effect size (d = 0.32). Goalkeeper’s 1, 2, and 3 initiated their definitive movement earlier in the post-test
compared to pre-test, with mean score difference effect sizes of -33.56 ms, -21.55 ms, and 22.97 ms, respectively. Control goalkeeper’s movement initiation time stayed stable (ES = 1.24ms).
Collectively, these findings indicate that the intervention had some benefits to in-situ
performance in terms of getting closer to the ball, saving goals, and earlier initiation of the
definitive movement.
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Figure 7
Each Participant’s Field Test Results Relative to Test Phases for (a) Absolute Percentage
Accuracy, (b) Mean Error Distance, and (c) Mean Response Initiation Time

Note. Error bars for (a) are not plotted as these are absolute values, but for (b) and (c) indicate
standard error of the mean.
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Match Transfer
Figure 8 plots match percentage accuracy for each goalkeeper across the three
assessment periods. Absolute score effect size differences from baseline 1 to baseline 2 were
-6% and 5% for goalkeeper 2 and 3, respectively. Absolute score effect size differences from
baseline 2 to post-test were 31% and 20% for goalkeeper 2 and 3, respectively. These results
provide tentative evidence that the intervention may have had some benefit to match
performance.
Figure 8
Absolute Percentage Accuracy for Goalkeeper 2 and 3 Relative to Assessment Period

Note. Error bars are not plotted as these are absolute values.
Discussion
In two interconnected experiments, individual differences in anticipation
performance, as well as learning, retention, and transfer were investigated in international and
national field hockey goalkeepers. The sample of truly expert goalkeepers had played the
game on average for 13 years and some had extensive experience representing Australia at
international level. In experiment 1, our temporal occlusion test was capable of identifying
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individual differences in how truly expert goalkeepers use contextual and kinematic
information to anticipate the drag-flick. In experiment 2, a unique opportunity was available
to implement a temporal occlusion training intervention with expert athletes, which revealed
that some improvements can be achieved in highly trained athletes over a relatively short
period of time. The findings of these experiments are consistent with the hypotheses and
contribute to theoretical understanding of anticipation and practical application in highperformance sport.
In experiment 1, we reported two main findings in relation to individual differences in
anticipation within a pool of international and national goalkeepers. First, there was evidence
that higher anticipation scores were not necessarily related to higher level of participation.
While there are no directly comparable studies, there is evidence in the broader anticipation
literature that lesser skilled performers can at times outperform higher skilled performers in
video-based occlusion tests (Müller et al., 2006). A possible explanation for this finding is
that progression to expert status has been commonly viewed as linear (Chase & Simon, 1973;
Ericsson et al., 1993), which may not necessarily be the case in terms of perceptual expertise.
Another explanation is that superior perceptual-motor skill can be due to faster movement
time, better capability to pick-up visual cues, or both combined (e.g., Müller, Brenton,
Dempsey, et al., 2015). An individual differences approach, as used in this paper, however,
has the fine-grained capacity to capture the highly individualized nature of expertise that can
be masked by group designs (Müller et al., 2006; Woods et al., 2019). To this, there is related
evidence that within skilled athletes, perceptual skills such as decision-making can be
differentiated into sub-groupings (Piggott et al., 2019), indicating that perceptual expertise is
not homogenous. Another possible reason for individual differences could be that whilst
goalkeepers place importance on advance cues, some have been consistently advised to focus
solely upon ball flight, and have developed their perceptual-motor skill predominantly
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through practice against ball projection machines (Morris-Binelli et al., 2020). There is
evidence to indicate that ball projections machines alter perceptual-motor responses (Pinder,
Davids, et al., 2011), which may have influenced individual expert player anticipation on our
test.
Second, the cause of individual differences in anticipation appeared due to poorer
pick-up of contextual, and more so kinematic, information in isolation that presented less
opportunity to integrate these sources in order to anticipate. Previous literature has, however,
reported that skilled cricket batsmen can integrate earlier available contextual information
(i.e., field-placing and game score) with later bowler kinematic information to anticipate ball
location (Runswick et al., 2018). It is possible that in our study, goalkeepers who have
previously reported to rely heavily upon ball flight (Morris-Binelli et al., 2020), may not have
considered, and in turn, attended to their own defensive runner, who presents contextual
information in the form of increased goal shot options. In contrast, field-placings and game
score in cricket, like positioning of the trapper and drag-flicker at the top of the penalty circle
(Morris-Binelli et al., 2020), may be more salient contextual information for selective
attention. Difficulty in the pick-up of kinematic information could be because of reported
limited opportunity for team on-field penalty corner practice, and again, frequent use of
traditional ball projection machines that do not present advance cues (Morris-Binelli et al.,
2020). Consistent with our findings, recent evidence among emerging-expert cricket batsmen
has also reported that they were not able to use bowler kinematic cues to anticipate in a pretest temporal occlusion task (Brenton, Müller, & Harbaugh, 2019). Similar to field hockey
goalkeepers, cricket batters practice extensively on ball projection machines, which again,
could have affected their advance cue pick-up (Pinder, Renshaw, et al., 2011). Collectively,
experiment 1 provided useful baseline information on individualized anticipation skill that
could be targeted with temporal occlusion training.
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In experiment 2, we reported several key findings in relation to individualized
learning, retention, and transfer relative to video and in-situ assessments. In relation to
learning on the video-test, the intervention showed individual improvements to integration of
contextual and kinematic information for run type and goal location combined. These are an
important finding for two reasons. First, video-based temporal occlusion training improved
anticipation in some highly trained expert athletes, which has been predominantly reported to
improve anticipation in skilled and novice participants (e.g., Abernethy et al., 2012; Smeeton
et al., 2005; Williams et al., 2002). This indicates that there is scope to improve perceptual
skill through temporal occlusion training across the skill continuum. Second, that temporal
occlusion training improved integration of contextual and kinematic information for
anticipation is crucial, because performers are required to deal with both sources of
information in sequence within a game (Runswick et al., 2018). Our findings extend upon
previous studies that have reported individualized improvement to pick-up of kinematic
information (Müller et al., 2017; Scott et al., 1998), by indicating a synchronized
improvement of attention to contextual and kinematic information.
In relation to retention of learning on the video test, individualized improvements
appeared to be maintained over a six-month period, with some indication of individualized
delayed improvement. There is very little previous evidence of the long-lasting benefits of
temporal occlusion training to anticipation. A likely reason for this is that longitudinal studies
are very difficult to conduct because of lack of accessibility to participants, and particularly
expert performers (Morris-Binelli & Müller, 2017). Previous evidence indicates that temporal
occlusion training improvement was not retained in skilled junior tennis players over a 32day period when measured in-situ (Farrow & Abernethy, 2002), but was retained in novices
over a five-month period when measured on a video-test (Abernethy et al., 2012). Skill level
and mode of assessment vary across these studies, so comparison to our study is difficult. It
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may be that retention of perceptual learning is longer lasting, or that longer duration of
training may be required for retention benefit to motor responses. This requires further
investigation in future work.
In relation to transfer, some collective and individualized transfer was observed on the
in-situ field test as well as to competition. For the in-situ test, improvement in accuracy of
goals saved and earlier initiation of definitive movement time tended to be more collective,
but improvement in error from ball position was more pronounced for one goalkeeper. Again,
it is difficult to make direct comparisons to previous literature as they are group designs.
Consistent with our findings, however, previous studies have reported transfer of video-based
temporal occlusion training improvement from a laboratory setting to in-situ tests in terms of
response accuracy (Farrow & Abernethy, 2002; Müller et al., 2017) and earlier movement
initiation time (Williams et al., 2002), in non-expert athletes. Our study extends upon this
literature by showing improvements to perception-action coupled in-situ tests, based on
perception-only training, which demonstrates the value of video-based temporal occlusion
training to expert athletes. The further suggestion of transfer to individualized improvements
in competition goal saving performance post-intervention is encouraging, but needs to be
considered in terms of multiple factors that may influence match play. Nonetheless, the
finding of this study is in line with other group-based studies that have reported
improvements in competition performance after different types of visual-perceptual training
(Brenton, Müller, & Harbaugh, 2019; Vickers & Adolphe, 1997). The more evidence
reported of the benefits of video-perceptual training to in-situ and competition performance,
the more likely at least the latter will be accepted as a cause-and-effect relationship.
Collectively, like performance findings of this study, the training study findings demonstrate
that benefits to learning are relative to individual capabilities. Indeed, in the motor learning
literature, recent work has revealed that acquisition of coordination patterns to improve motor
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skill outcomes is highly individualized and not necessarily dependent upon group-based
practice structure (Pacheco & Newell, 2018).
Theoretical and Practical Implications
The theoretical implications of this paper refer to the model of visual anticipation in
high-speed striking sports (Morris-Binelli & Müller, 2017; Müller & Abernethy, 2012).
Temporal occlusion identified individual differences related to stage one of the model, where
contextual and kinematic information is picked-up. That expert athletes could integrate this
information to a degree, but not above 50%, was concerning because the model predicts such
information pick-up allows the performer to position their body with enough time to intercept
the object. Importantly, video-based temporal occlusion training provided individualized
improvement to pick-up of perceptual information related to stage one of the model. This
translated into improved individualized action responses, indicating that enhanced pick-up of
perceptual information, as predicted in stage one of the model, is relevant to superior
perceptual-motor skill performance. A future consideration for the model’s prediction is that
the relation between perception and action, whether performance or learning oriented, is
likely to be individualized and non-linear. Therefore, the model needs to take into
consideration that some experts may not necessarily be superior in their anticipation skill to
emerging-experts. This provides a window of opportunity for frequent visual-perceptual
training that has been lacking in the development of athletic skill. Further, as mentioned in
the model (Morris-Binelli & Müller, 2017), an interdisciplinary approach incorporating
factors related to sport psychology may provide a more complete understanding of
anticipation performance, learning, and transfer (Morris-Binelli et al., 2020).
There are several practical implications from this paper. First, it was possible to assess
pick-up of advance cue sources at the individual level in experts. This is what practitioners,
such as coaches and high-performance staff want in order to individually develop athletes
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(Davids et al., 2015; Reade et al., 2008). Second, footage of opponent athletes can be
relatively easily captured and used with temporal occlusion to train performers. Again, this is
what professional athletes and coaches want in order to prepare for competition (MorrisBinelli et al., 2020). Third, both assessment and training of anticipation was done in a flexible
manner that suited the busy schedule of a high-performance unit. As skill acquisition is less
prominent in elite sport (Steel et al., 2014), but appears to be growing in its uptake, this paper
was an important step in order to demonstrate value for investment of time that did not
disturb day-to-day operations of a high-performance unit. Fourth, assessment and training of
anticipation was implemented in a manner that did not detract from physical practice, but
allowed supplementary practice through exposure to perceptual information in the penalty
corner without injury to defensive runners or physical loading on drag-flickers (MorrisBinelli et al., 2020). These implications indicate that temporal occlusion can be easily used
by athletes and teams to develop perceptual expertise, which has benefit to action.
Limitation, Future Research, and Conclusion
There are some potential limitations that should be taken into consideration. First,
accessibility to athlete time, particularly in experiment 2 was a potential limitation. It needs to
be considered that due to the extremely busy competition schedule of athletes, one-month
access to implement perceptual training was reasonable. Second, the number of drag-flick
trials in the in-situ test is also a potential limitation. Due care, however, needed to be given to
limit potential athlete injury, which may impact their capability to compete (Müller, Brenton,
& Rosalie, 2015). Third, the limited number of direct match penalty corner drag-flicks is
another potential limitation. It needs to be considered that direct penalty corners, which focus
on the goalkeepers save capability is limited in the frequency of game goal scoring options.
Fourth, the findings of improvement in anticipation across test-to-re-test and a possible
delayed benefit from the intervention (experiment 2) need to be treated with some caution.

144
This is because there can be day-to-day fluctuations in factors such as attention, fatigue,
sleep, and motivation that can influence performance and learning (e.g., Smith et al., 2016).
These factors can be accounted for through use of a single-subject multiple baseline design. It
needs to considered, however, that multiple assessments using video and in-situ tests, where
goalkeepers are exposed to the same opponents, can also create a familiarity effect. The lack
of improvement of the control goalkeepers in experiment 2 provides evidence that familiarity
was not a confounding factor to the learning improvements we reported. A multiple baseline
design also requires increased access to participant time, which as we noted earlier was
difficult to attain. In relation to tracking match statistics that does not incur upon participant
time, we indeed employed a multiple baseline design where a broader range of opponents
existed to minimize familiarity, which showed improvement in performance after the
intervention.
Future research should consider smaller duration perceptual training phases postretention test, if athlete anticipation improvement declines. This can form a maintenance
phase for anticipation skill that has been developed through an initial larger block of temporal
occlusion training. Furthermore, female goalkeepers could be included in future experiments
to understand how they integrate contextual and kinematic information to anticipate. It is
important to understand how female athletes anticipate under their temporal constraints, as
this may present further unique opportunities to help train their perceptual-motor skill.
In conclusion, this paper identified individual differences in the anticipation skill of
expert and emerging-expert field hockey goalkeepers. Thereafter, through one month of
video-based temporal occlusion training, the integration of contextual and kinematic
information was improved to a degree in some truly expert goalkeepers. This individualized
approach to assessment and training ensured that the anticipation skills of these athletes were
well prepared for competition.
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CHAPTER 5
Individual Differences and Transfer of Visual Anticipation in Expert Female Field
Hockey Goalkeepers
Abstract
Visual anticipation is crucial for performance in high-speed interceptive sports, as it enables
performers to deal with extreme time constraints. There has been little investigation into
individual differences of within sport anticipation skill transfer across different opponents.
Accordingly, the purpose of this study was to investigate individual differences in the transfer
of anticipation of the penalty corner drag-flick across different opponents. Eight female
Australian international and national field hockey goalkeepers participated. Goalkeepers
completed female and male opponent penalty corner drag-flick temporal occlusion tests that
presented; contextual defensive runner positioning relative to the penalty spot, drag-flicker
kinematics, and ball flight. Five goalkeepers could transfer integration of runner contextual
and drag-flicker kinematic information to anticipate above chance from female to male
opponent tests. The source of individual differences in transfer of anticipation was the
capability to pick-up contextual and kinematic cues in isolation, which presented greater
opportunity to integrate these information sources for anticipation. Results also indicated that
subtle differences between contextual information may influence the capability to transfer
anticipation to different opponents. An individual differences approach with truly expert
performers provided unique insights into the mechanism of anticipation transfer within a
domain. The findings of this study contribute to theoretical and applied knowledge, which
can guide the training of anticipation skill to prepare performers for competition.
Keywords: individual differences, transfer, field hockey goalkeeper, temporal
occlusion, different opponents
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Individual Differences and Transfer of Visual Anticipation in Expert Female Field
Hockey Goalkeepers
Visual anticipation is vital in interceptive sports skills such as field hockey
goalkeeping because of the extreme temporal constraints (Baker et al., 2009; Morris-Binelli
et al., 2020). Despite a large body of evidence that has investigated the timing and sources of
information pick-up for anticipation (see Müller & Abernethy, 2012; Williams & Jackson,
2019), there has been little focus on the transfer of anticipation within sports (Müller &
Rosalie, 2019; Seifert et al., 2016). An important aspect of transfer as it has been defined in
the literature is the influence of experience in one context on performance in another context
(Magill & Anderson, 2020). The lack of focus on transfer is surprising given that sports skills
are performed in highly dynamic and changing environments against multiple opponents who
present different movement patterns, and in turn, contexts, to the performer (Müller &
Rosalie, 2019). Performers are consequently required to routinely transfer skills between
these various contexts. For example, expert female field hockey goalkeepers often train
against male drag-flickers to gain exposure to the different opponent movement patterns they
face in competition, which they are unable to experience in regular female squad training
(Morris-Binelli et al., 2020). This does not refer to sex differences between drag-flickers, but
rather, readily accessible different movement patterns to train against, which is like the
different movement patterns goalkeepers face in competition. Therefore, understanding
whether and how experts transfer to different movement patterns (contexts) - which is
inherent to sport performance - provides a crucial avenue to extend knowledge of expert
anticipation (Rosalie & Müller, 2012). Moreover, there has been a longstanding call for an
individual differences approach to further understand the mechanisms of human performance
(see Bates, 1996; Cronbach, 1957; Fisher et al., 2018), which is still vastly underutilized to
understand expert anticipation (Morris-Binelli & Müller, 2017). Accordingly, investigation of
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individual differences in the transfer of anticipation can provide fine-grained detail to further
understand this crucial mechanism of expertise (Müller & Rosalie, 2019).
Some studies have investigated anticipation against different opponents comparing
groups of higher and lower skilled performers’ capabilities to pick-up kinematic information
from right- and left-handers in tennis, volleyball, European handball, and baseball
(Hagemann, 2009; Loffing, Hagemann, et al., 2015; Loffing et al., 2012; Loffing, Sölter, et
al., 2015; Müller et al., 2017), as well as from skilled and less-skilled opponents in rugby
(Jackson et al., 2006). These studies include transfer of anticipation because of the context
variation presented through right and left-handed, as well as varying skill level, opponent
kinematics (Müller & Rosalie, 2019). To identify differences in information pick-up, these
studies have used video-based temporal occlusion. Briefly, temporal occlusion allows the
duration of visual information presented to the participant to be controlled (Abernethy &
Russell, 1987). To create temporal occlusion, footage of an opponent executing skills, such as
field hockey penalty corner drag-flicks to different goal locations, is edited to place a black
video frame at key events such as at stick-ball release (Baker et al., 2009). A randomized
sequence of temporal occluded skill types is then presented to participants on a projector
screen, where, after occlusion, they can be required to anticipate skill types using a verbal,
pencil and paper, or simulated motor response (Fadde, 2016; Williams & Jackson, 2019).
Using video temporal occlusion, for example, Loffing, Hagemann, et al. (2015)
reported that a group of skilled volleyball players were superior to a group of novices in the
above chance anticipation of volleyball hits (i.e., smash vs. lob), when they viewed both
right- and left-handed opponents until the point of ball-release. When anticipation was based
on the opponent’s earlier movement pattern (i.e., start of jump to hit ball), however, skilled
players performed above the guessing level against right-, but not left-handed opponents. In
comparison, the novices did not anticipate above the guessing level. This indicates that
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skilled players have difficulty in the pick-up of left- compared to right-handed opponent
kinematics to anticipate, and novices have difficulty across both opponents. Similar findings
have been reported in skilled European handball goalkeepers (Loffing, Sölter, et al., 2015)
and field players (Loffing & Hagemann, 2020), as well as expert and emerging-expert
baseball batters (Müller et al., 2017).
Only one study to our knowledge has investigated the pick-up of both contextual (e.g.,
opponent on-court positioning) and kinematic information from different opponents to
anticipate (Loffing et al., 2016). This is despite the importance of both information sources
for anticipation (Runswick et al., 2018). Loffing et al. (2016) reported that a group of skilled
tennis players were superior to a group of novices at anticipating tennis strokes at the point of
racket-ball contact against right-, but not left-handed, opponents. Further, skilled players
were able to anticipate above chance against right-handed opponents when the opponent was
positioned near and far away from the middle of the court. Skilled players, however, only
anticipated above chance for left-handed opponents when the opponent was near the middle
of the court. This finding suggests that skilled players have difficulty transferring their pickup of both contextual and kinematic information against left-handed opponents to anticipate.
The study by Loffing et al. (2016) and those mentioned earlier have important
implications for theory and practice. First, facing different opponent movement patterns is
common in sport performance, so an impaired capability to pick-up contextual and kinematic
information from different opponents, may lead to decreased performance due to less time to
execute action to strike or intercept the ball (Runswick et al., 2019; Williams & Jackson,
2019). Second, the limited number of studies that have investigated within sport transfer of
anticipation to different opponents have compared groups of performers. Given evidence of
individual differences in the capability to use contextual and kinematic information to
anticipate at the height of expertise (Morris-Binelli et al., 2021), it is also important to
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investigate transfer of anticipation skill at an individual participant level. This individualized
capability to utilize contextual and kinematic information, or rely upon ball flight, can impact
action responses.
Morris-Binelli and Müller (2017) in their two-stage model of visual anticipation
outline how visual information is used to guide action. Stage one states that expert performers
pick-up contextual and kinematic (advance) information occurring before object flight to
anticipate and guide positioning of the body. For example, in the field hockey penalty corner,
contextual information refers to the defensive runner positioning relative to the penalty spot,
while kinematic information refers to the drag-flickers movement pattern used to direct the
ball to different goal locations. In stage two, expert performers pick-up ball flight information
to anticipate and fine-tune body position for interception, such as goalkeeper adjustment to
position their hand to save the goal. The future research directions of the model states that to
further understanding of expert anticipation, evidence into the pick-up, and integration, of
contextual and kinematic information is required. In addition, future research is required of
whether performers can transfer the capability to integrate contextual and kinematic
information to opponents who present different movement patterns (Müller & Rosalie, 2019).
Related to this, identical elements theory (Thorndike, 1914) predicts that positive transfer will
occur due to similarities between contexts. The gaps in the literature related to both theories,
however, indicate that the capability to integrate information sources and transfer can be
dependent upon individual strengths and limitations of anticipation skill (Müller & Rosalie,
2019). Therefore, such research will enhance understanding of expert anticipation, the
model’s predictions, it’s transferability within a domain, as well as individual differences in
expertise.
International and national level female field hockey goalkeepers, who attempt to save
penalty corner drag-flick shots on goal under severe time constraints, were the exemplar
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striking-sport experts to investigate individual differences in transfer of anticipation. The
investigation of anticipation transfer to different opponents is particularly important for
female field hockey goalkeepers as mentioned earlier. Accordingly, by assessing whether
female goalkeepers can anticipate against male drag-flickers, unique insight can be gained
into the transfer capability of anticipation across different movement patterns, which is highly
representative of the challenges to performance faced in competition. Therefore, the purpose
of this study was to investigate individual differences in the transfer capability to pick-up,
and integrate, contextual and kinematic advance information to anticipate across female and
male opponents. Through this, the perceptual causes of individual differences in the transfer
of anticipation within a domain was examined. It was hypothesized that some, but not all,
goalkeepers will be able to transfer pick-up, and integration, of contextual and kinematic
information to anticipate penalty corner drag-flick shots on goal.
Method
Participants
Eight expert and emerging-expert female field hockey goalkeepers (M = 24, SD =
5.22) participated in this study. The expert goalkeepers (n = 3) were members of the
Australian national field hockey team and played at international level. On average, these
goalkeepers had played 132 (SD = 86.50) international matches, and had been playing
competitively as specialist goalkeepers for 18 years (SD = 3.06). The emerging-expert
goalkeepers (n = 5) played at national level for high-performance state (province) squads
across Australia in competitions such as Hockey One (formerly Australian Hockey League).
These goalkeepers had been playing competitively as specialist goalkeepers for an average of
8 years (SD = 2.07) and were identified by national team coaches to have the capability to
play for Australia. Together, these goalkeepers encompassed the entire population of expert
and emerging-expert female goalkeepers in Australia. As goalkeepers are specialist position
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players in a field hockey team, there is a smaller pool of truly expert goalkeepers as skill level
increases (Müller et al., 2015; Swann et al., 2015). To investigate individual differences in
the transfer of anticipation, each dependent variable was powered and analyzed at the
individual trial level for each participant (Morris-Binelli et al., 2021). A-priori power
analyses were run to check that each participant had sufficient trials per dependent variable to
detect small effects (see statistical analysis section for details). University ethics approval
was obtained and all participants provided written informed consent.
Instrument Design
The male opponent penalty corner drag-flick test was the same as created and used in
Morris-Binelli et al. (2021), while the female opponent test was created following the same
procedure. For both tests, a GoPro high-speed video camera (model HERO4) sampling at 120
frames-per-second captured footage of two injectors, two trappers, and two specialized dragflickers executing penalty corner drag-flicks at goal. The female and male participants were
members of the Australian national women’s and men’s field hockey teams, respectively, and
regularly performed these roles when playing for Australia. The GoPro was situated on the
goalkeeper’s offset (one side-step right from the middle of the goal) starting position, at a
height of 1.8 m, which was similar to the goalkeeper’s viewing perspective in a game. All
runners, injectors, trappers, and drag-flickers wore their match uniforms and each drag-flicker
was paired with the same trapper for the duration of filming.
For both tests, the defending runners were instructed to execute two run types which
commonly occur in an international match: (1) a “tight” run, whereby the runner’s body
passes over the penalty spot and restricts the drag-flicker’s capability to direct the ball
towards the left side of the goal from the goalkeepers perspective (i.e., goal face “closed”),
and (2) a “loose” run, whereby the runner’s body is to the left of, and does not pass over, the
penalty spot, thereby allowing the drag-flicker to direct the ball towards the left side of the
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goal (i.e., goal face “open”). In a qualitative study, international hockey coaches reported that
the defending runner is a source of contextual information (i.e., player positioning) in a
penalty corner, as a tight or loose run can govern the likelihood of the number of goal
locations the drag-flicker can shoot the ball towards (Morris-Binelli et al., 2020). A previous
temporal occlusion study indicated that some international and national goalkeepers can
indeed use runner positioning and drag-flicker kinematics to anticipate the drag-flick (MorrisBinelli et al., 2021). The drag-flickers were instructed to each execute 20 drag-flicks, which
consisted of two sets of drag-flicks to six goal locations; top-right (1), bottom-right (2), topmiddle (3), bottom-middle (4), top-left (5), and bottom-left (6), when the runner executed a
loose run (i.e., goal open). Additionally, the drag-flicker was instructed to execute two sets of
drag-flicks to four goal locations; top-right (1), bottom-right (2), top-middle (3), and bottommiddle (4), when the runner executed a tight run (i.e., goal closed). Prior to each penalty
corner, the runner and drag-flicker were informed of the run type and goal location required.
During filming, an expert goalkeeping coach viewed each penalty corner and verified
whether the defender had executed a tight or loose run. Afterwards, the same coach viewed
all female and male opponent penalty corners to confirm whether the defenders and dragflickers had executed their skills at international playing standard. Only footage that passed
this screening was used in the test trials. Due to physical workload restrictions, which is
common in high-performance sport (Müller et al., 2015), one female drag-flicker was only
allowed to complete one set (i.e., 10) of penalty corner drag-flicks. As such, the female
opponent test comprised of 30, while the male opponent test consisted of 40 unique penalty
corner drag-flicks from which to build the respective tests.
Adobe Premiere Pro CS6 was used to edit the captured footage and create the female
and male opponent temporal occlusion video tests, which both consisted of 120 trials. For the
female opponent test, the 120 trials contained 3 (temporal occlusion conditions) × 6 (goal
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locations) × 4 (versions; 3 unique, 1 repeated) for loose runs + 3 (temporal occlusion
conditions) × 4 (goal locations) × 4 (versions; 3 unique, 1 repeated) for tight runs. The male
opponent test consisted of the same trial matrix, but with 4 unique versions rather than one
repeat. Temporal occlusion was first applied when the defending runner was in line with the
penalty spot (Run). This occlusion was chosen as it occurs at the start of the drag-flicker’s
action and presents contextual information. Second, occlusion was applied immediately
before ball release from the drag-flickers stick (Stick-Ball). This occlusion condition
presented the defender’s run and drag-flicker’s movement pattern, and thus displayed
contextual and kinematic information. Third, a no occlusion control condition was included,
where all visual information prior to, at, and after ball release was visible (Ball Flight; see
Figure 1).
In both the female and male opponent tests, experimental trials were presented in a
single block with the order randomized. Each trial began with trial numbers presented
centrally on the screen for 1 s. Afterwards, a 1 s duration still image of the trapper and dragflicker at the top of the penalty circle was presented to allow the participant to orient to the
task, followed by the footage. An intertrial interval (ITI) of 5 s occurred between each trial,
with an audible tone 4 s into the ITI to signal the impending trial.
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Figure 1
Sample Final Frames Prior to Temporal Occlusion in the Female Penalty Corner Drag-Flick
Anticipation Test

Note. Temporal occlusion was applied at (a) when the defending runner was at the penalty
spot (Run; contextual information), and at (b) the moment of stick-ball release (Stick-Ball;
contextual and kinematic information). A no occlusion (Ball Flight) control condition (c) was
also included that displayed all the defender’s run, drag-flicker’s action and ball flight.
Procedure
Each participant first completed the male, followed by the female opponent temporal
occlusion test in two sessions separated by approximately nine months. This order to testing
was implemented because the male test was already constructed, the female test was in
development, and there was a request from coaches to progressively test female goalkeepers
due to competition commitments. Accordingly, every opportunity was taken to recruit and
include all female goalkeepers in this study with these challenges common in highperformance sport (Müller et al., 2015; Panchuk et al., 2018). The test procedures in both
sessions were the same as in Morris-Binelli et al. (2021). A Dell Latitude laptop (model
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E5570) and Acer high-definition projector (model H1P1117) were used to present the test
onto a screen (1.88 m × 1.18 m) in a conference style room. Masking tape was placed on the
floor to represent the goal line and offset stance position. The goal line was positioned 5 m
from the screen to create a mathematically calculated viewing angle of 8°, as would occur in
a match. On each trial, participants stood at the offset position, took one step forward, as they
would in a match, and watched the footage. Once the footage occluded, participants
verbalized the run type (i.e., tight or loose) and the ball’s goal location (i.e., 1 to 6). A verbal
response was deemed appropriate due to evidence of motor system activation in visualperception-only tests (e.g., Aglioti et al., 2008). Responses were made within the ITI, and a
response was required on all trials regardless of whether the participant was completely
uncertain. The test was completed in a single block of 120 trials, with a three-minute break
after each set of 40 trials to reduce cognitive fatigue. A GoPro video camera (model HERO6
Black) was positioned behind the participant to record footage and audible responses for later
coding (Brenton et al., 2016; Morris-Binelli et al., 2021). In each session, to familiarize
participants with the task, participants were shown an unoccluded trial of each run type and
goal location combination, followed by four temporal occlusion trials with feedback. All
trials used in the familiarization tasks were not included in the video test proper. Each
participant completed the familiarization and test trials individually, which took
approximately 25 minutes to complete. No feedback was provided throughout. Due to
restrictions on data collection because of COVID-19 and accessibility to players after
restrictions were eased in the local region, testing of five goalkeepers on the female dragflicker test was conducted remotely via a laptop using a written response (e.g., Aglioti et al.,
2008).
Dependent Measures and Statistical Analysis
To address the hypothesis, data analysis for both tests was the same as Morris-Binelli
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et al. (2021); that is, it focused upon each goalkeeper’s prediction of run type (contextual
information) and goal location (kinematic information) combined relative to each run type, at
each of the temporal occlusion conditions. The primary focus was the stick-ball temporal
occlusion, as it presented both contextual and kinematic information. For each test, there
were two primary dependent variables; (a) absolute correct prediction accuracy for loose run
and goal location (i.e., goal open = six locations), and (b) absolute correct prediction accuracy
for tight run and goal location (i.e., goal closed = four locations). To investigate what
underpinned individual integration of information pick-up in both female and male opponent
tests, a secondary dependent variable was analyzed that included; absolute correct prediction
accuracy of run type and goal location independently at the stick-ball temporal occlusion
condition. Data are plotted as percentages for individual goalkeepers for simplicity of
graphical display. In addition, data are plotted relative to female and male drag-flicker tests
because female goalkeepers predominantly face their own goalkeepers in practice and
competition.
The statistical analyses for both tests followed Morris-Binelli et al. (2021), and
focused upon whether anticipation was above chance level as this indicates information pickup (Abernethy & Zawi, 2007; Causer et al., 2017). Non-parametric binomial tests were used,
as the dependent variables were categorical (i.e., correct or incorrect; Russo, 2004). The
purpose of this test was to ascertain whether each participant could predict above, at, or
below the 8.3% guessing level for loose run and goal location (i.e., possibility of two run
types × six goal locations = 12 possible response choices), and 12.5% for tight run and goal
location (i.e., possibility of two run types × four goal locations = 8 possible response
choices). For the primary dependent variable in both tests, each participant received 24 and
16 trials for loose and tight runs, respectively, at each temporal occlusion condition. A-priori
power analysis estimates with α = .05, 80% power, and 95% confidence intervals signified
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that 24 and 16 trials for each participant could detect small effects of 0.19 and 0.28 (Hedge’s
g), respectively. As this study was the first to our knowledge to investigate individual
differences in the transfer of pick-up, and integration, of contextual and kinematic
information to anticipate, alpha level for binomial tests were set at 0.05 with no adjustments
made (Hopkins et al., 2009; Perneger, 1998). As magnitude-based inferences are more useful
to identify the size and practical significance of an effect compared to statistical significance
(Batterham & Hopkins, 2006; Cumming, 2014; Wilkinson, 2014), we included two effect
size measures. First, to further investigate individual transfer between the female and male
opponent tests, absolute percentage difference effect sizes were calculated for each
goalkeeper, at each occlusion condition. Second, to further identify differences between
participants, where necessary, absolute percentage difference effect sizes were calculated at
each occlusion condition in each test.
Results
Anticipation of Loose Run and Goal Location
Figure 2 plots each goalkeeper’s prediction accuracy for loose run (goal open) and
goal location at each temporal occlusion condition, for the female and male opponent tests.
At the stick-ball temporal occlusion, two of the expert and three of the emerging-expert
goalkeepers could anticipate loose runs and goal locations above the guessing level of 8.3%
in the female and male opponent tests (GK, 1, female & male: p < .001; 2, female & male: p
= .012; 4, female: p = .012, male: p < .001; 6 & 8, female: p < .001, male: p = .003). For
these goalkeepers, absolute percentage difference effect sizes from female to male tests were
-5% (GK 1), 0% (GK 2), 13% (GK 4), and -4% (GK 6 & 8). One of the expert and one of the
emerging-expert goalkeepers could anticipate above the guessing level in the female, but not
the male opponent test (GK, 3 & 5, female: p < .001, male: p = .113). This was despite
goalkeeper 3 being the most accurate in the female test, with an absolute percentage
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difference effect size of 16% between the second most accurate goalkeeper (i.e., GK 1). In
addition, one emerging-expert goalkeeper could not anticipate above guessing in either test
(GK 7, female & male: p = .133). For goalkeepers 3, 5, and 7, absolute percentage difference
effect sizes from female to male tests were -37%, -16%, and 0%, respectively.
Figure 2
Goalkeepers’ Absolute Percentage Accuracy for Loose Run and Goal Location Combined in
the Temporal Occlusion Conditions for the Female and Male Opponent Tests

Note. Horizontal line indicates guessing level of 8.3%. Asterisks indicates prediction above
guessing level (p < .05). Female DF = female drag-flicker opponent test. Male DF = male
drag-flicker opponent test. Error bars are not plotted as these are absolute values. Absolute
percentage effect size difference from guessing is embedded as part of absolute percentage
correct.
Table 1 presents more fine-grained detail of the perceptual cause of individual
differences in the transfer of anticipation across female to male temporal occlusion tests.
First, for goalkeepers who could transfer, compared to those who could not, there is a trend of
higher and more stable accuracy of loose runs and goal locations in isolation across tests
(e.g., see GK 1 & 8 vs. 3 & 5, Table 1). Second, goalkeeper 4’s increase in anticipation
accuracy of loose runs and goal locations combined in the male compared to the female test,
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appears due to an increase in accuracy of goal locations in isolation (absolute percentage
difference effect size of 21%). Third, goalkeeper 3’s inability to anticipate loose runs and
goal locations combined in the male test, despite being above guessing in the female test,
appears due to a decrease in accuracy of both loose runs and goal locations in isolation, with
absolute percentage difference effect sizes of -29% and -25%, respectively (see Table 1).
Fourth, goalkeeper 5’s inability to transfer appears due to a decrease in accuracy of goal
locations in isolation (absolute percentage difference effect size of -16%).
At the run temporal occlusion, none of the goalkeepers could anticipate loose runs and
the ball’s goal location above the guessing level across both tests. One of the expert
goalkeepers, however, could anticipate above the guessing level in the female opponent test
(GK 1, p = .012, see Figure 2). At the ball flight condition, all goalkeepers anticipated loose
runs and goal locations above the guessing level of 8.3% in both tests (ps < .001, see Figure
2).
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Table 1
Goalkeepers’ Percentage Correct Anticipation of Run Type, Goal Location, and Run Type and Goal Location Combined for Loose and Tight
Runs at the Stick-Ball Temporal Occlusion Condition, in the Female and Male Opponent Tests
Loose Run
Female Test
Goalkeeper

RC

LC

1

96

38

2

63

3

R&L

Tight Run
Male Test

RC

LC

(9) 38*

88

38

33

(6) 25*

96

96

58

(13) 54*

4

92

25

5

96

6

Female Test
R&L

RC

LC

(8) 33*

88

50

25

(6) 25*

100

67

33

(4) 17

(6) 25*

83

46

33

(8) 33*

92

83

33

(8) 33*

7

79

21

8

96

38

Male Test
R&L

R&L

RC

LC

(7) 44*

63

25

(1) 6

6

(1) 6

69

19

(1) 6

81

25

(3) 19

100

19

(3) 19

(9) 38*

94

19

(3) 19

94

38

(6) 38*

17

(4) 17

75

25

(4) 25

63

13

(2) 13

88

29

(7) 29*

100

25

(4) 25

88

13

(2) 13

(4) 17

54

25

(4) 17

75

31

(5) 31*

100

19

(3) 19

(8) 33*

88

38

(7) 29*

100

19

(3) 19

63

25

(4) 25

(/24) %

(/24) %

(/16) %

(/16) %

Note. RC = absolute percent run correct. LC = absolute percent goal location correct. R&L = absolute correct run and goal location out of the 24
and 16 trials at stick-ball temporal occlusion (loose and tight) and respective percentage. Asterisks indicate predictions above the guessing level
of 8.3% for loose run and goal location correct, and 12.5% for tight run and goal location correct (p < .05).
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Anticipation of Tight Run and Goal Location
Figure 3 plots each goalkeeper’s prediction accuracy for tight run (goal closed) and
goal location at each temporal occlusion condition, for the female and male opponent tests.
At stick-ball temporal occlusion, none of the goalkeepers were able to predict tight runs and
the goal locations above the guessing level of 12.5% across tests. Absolute percentage
difference effect sizes from the female to male tests were -38% for goalkeeper 1, 0% for
goalkeeper’s 2 and 3, 19% for goalkeeper 4, -12% for goalkeeper’s 5, 6, and 7, and 6% for
goalkeeper 8. One expert and one emerging-expert goalkeeper, however, could anticipate
above the guessing level in the female opponent test (GK, 1, p = .002; 7, p = .041). For
goalkeeper 1, the inability to transfer anticipation of tight runs and goal locations combined
from the female to male tests appears due to a decrease in accuracy for predictions of tight
runs and goal locations in isolation (absolute percentage difference effect sizes of -25%, see
Table 1). For goalkeeper 7, the inability to transfer anticipation of integrated contextual and
kinematic information from the female to male test appears due to a decrease in accuracy for
predictions of goal locations in isolation (absolute percentage difference effect size of -12%,
see Table 1). One of the emerging-expert goalkeepers could predict tight runs and goal
locations above the 12.5% guessing level in the male opponent test (GK 4, p = .010). The
ability of this goalkeeper to anticipate above the guessing level in the male, but not the
female test, appears due to an increase in accuracy of goal locations in isolation (absolute
percentage difference effect size of 19%, see Table 1).
At the run temporal occlusion condition, none of the goalkeepers could predict tight
runs and goal locations above the guessing level of 12.5% across both tests. One expert and
two emerging-expert goalkeepers, however, could anticipate above the guessing level in the
female test (GK, 1, p = .002; 6, p < .001; 8, p = .041). Moreover, one of the expert and two of
the emerging-expert goalkeepers could anticipate above guessing in the male test (GK, 3, p
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= .002; 4, p = .041; 7, p = .010). At the ball flight temporal occlusion condition, all
goalkeepers anticipated tight runs and goal locations above the guessing level of 12.5% in
both tests (ps < .05).
Figure 3
Goalkeepers’ Absolute Percentage Accuracy for Tight Run and Goal Location Combined in
the Temporal Occlusion Conditions for the Female and Male Opponent Tests

Note. Horizontal line indicates guessing level of 12.5%. Asterisks indicates prediction above
guessing level (p < .05). Female DF = female drag-flicker opponent test. Male DF = male
drag-flicker opponent test. Error bars are not plotted as these are absolute values. Absolute
percentage effect size difference from guessing is embedded as part of absolute percentage
correct.
Discussion
The purpose of this study was to determine the nature of individual differences in
transfer of anticipation skill across female and male opponents. The sample comprised the
entire population of female truly expert and emerging-expert goalkeepers in Australia. The
findings supported the hypothesis that some, but not all, goalkeepers would be able to transfer
across female and male opponents, the capability to pick-up, and integrate, contextual (goal
open or closed), and kinematic (goal location) advance information to anticipate the drag-
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flick. The gathered evidence extends understanding of anticipation transfer within a domain
and has practical implications for training in high-performance sport.
In the female opponent test, which presented perceptual information that the
participants are consistently exposed to in training and competition, individual differences
were found in the capability to integrate contextual and kinematic information to anticipate.
At stick-ball temporal occlusion, seven goalkeepers could anticipate loose runs (goal open)
and goal locations above the guessing level, while two goalkeepers could anticipate tight runs
(goal closed) and goal locations above the guessing level. The capability to integrate
contextual and kinematic information, however, did not appear to be dependent upon level of
participation. For example, in the loose run, goalkeepers 5, 6, and 8, who compete at national
level, were more accurate than goalkeeper 2, who competes at international level (i.e.,
absolute percentage difference effect size of 8%, see Figure 2). In the tight run, goalkeeper 7,
who competes at national level, was more accurate than goalkeeper 2, who competes at
international level (i.e., absolute percentage difference effect size of 25%, see Figure 3).
These findings are consistent with Morris-Binelli et al. (2021), who reported that some male
emerging-expert field hockey goalkeepers were more accurate than expert goalkeepers at
integrating contextual and kinematic advance information to anticipate the drag-flick. A
likely reason for this finding is that individual players can be superior or inferior in
perceptual, motor, or both components combined (Dicks et al., 2010). Accordingly, an
individual differences approach to perception and action has the sensitivity to detect these
causes of anticipation differences, which would be masked if a group design was adopted
(Woods et al., 2019). Therefore, the individual differences approach implemented in this
study further demonstrates the individualized nature of perceptual expertise, which is not
necessarily developed in a linear manner through experience within a domain as previously
suggested in the broader expertise literature (Chase & Simon, 1973; Ericsson et al., 1993).
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The perceptual causes of individual differences in the female opponent test appeared
due to increased difficulty in the pick-up of drag-flicker kinematic (goal location), compared
to contextual (goal open or closed), information in isolation. As a result, there was less
opportunity to integrate these sources of information to anticipate. This finding is in contrast
to Runswick et al. (2018), who reported that skilled cricket batsmen were able to integrate
contextual (e.g., field-placing) and bowler kinematic information to anticipate ball location.
There are several potential reasons for the difference in findings. First, the defensive runner
in the female test, which presents contextual information in the form of increased (goal open)
or decreased (goal closed) shot location information, may be more salient than female dragflicker kinematics. Indeed, expert and emerging-expert male field hockey goalkeepers have
been reported to be more accurate at anticipating the defensive runner compared to dragflicker kinematics (Morris-Binelli et al., 2021). Second, our anticipation task presented dragflicks to six goal locations, which is highly representative of a match situation (Morris-Binelli
et al., 2020). Consequently, our test was more challenging compared to previous work where
goalkeepers have been required to anticipate drag-flicks to four goal locations at the point of
stick-ball release (Baker et al., 2009). Third, although goalkeepers have reported to place
importance on advance cues, some are known to be instructed to focus on later occurring ball
flight information to anticipate (Morris-Binelli et al., 2020). This appeared to translate into
heavy reliance on ball flight in our study. Further, ball projection machines that do not
present kinematic information and alter advance cue pick-up (Pinder et al., 2011), are
frequently used to practice penalty corners (Morris-Binelli et al., 2020). Therefore, frequent
use of ball projection machines, coupled with limited opportunity to face drag-flickers during
on-field penalty corner practice (Morris-Binelli et al., 2020), may explain the goalkeepers’
difficulty in pick-up of kinematic information on our test. In turn, this could have created
difficulty to integrate with contextual information for anticipation.
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In the run temporal occlusion condition against female opponents, there were also
individual differences in anticipation. One goalkeeper (1) could anticipate loose runs and goal
locations above guessing, while the same goalkeeper and two others (6 & 8) could anticipate
tight runs and goal locations above guessing (see Figure 2 and 3). This finding suggests that
some goalkeepers can use the defending runner’s position relative to the penalty spot, along
with the drag-flicker collecting the ball onto their stick, to anticipate. Only one of these
goalkeepers, however, maintained anticipation above guessing in the stick-ball occlusion
condition for the tight run. Similar findings were reported by Morris-Binelli et al. (2021),
which further suggests that some goalkeepers have difficulty integrating contextual, in the
form of tight runs, with later occurring drag-flicker kinematic information to anticipate.
The primary purpose of this study, however, was to investigate individual differences
in the transfer capability to pick-up, and integrate, contextual and kinematic information to
anticipate across female and male opponents. At stick-ball temporal occlusion, five out of the
eight goalkeepers were able to transfer above guessing anticipation of loose runs (goal open)
and goal locations in the female to the male opponent tests. Again, the capability to transfer
did not appear dependent on level of participation. For example, goalkeeper 3, who competes
at international level, was not able to transfer anticipation to the male opponent test, but
goalkeepers 6 and 8 could; both of whom compete at national level (i.e., absolute percentage
difference effect size of 12%, see Figure 2). Further, in the male test, goalkeeper 4, who
competes at national level, outperformed goalkeeper 2, who competes at international level
(i.e., absolute percentage difference effect size of 13%, see Figure 2). While there are no
directly comparable studies, these findings are consistent with previous work using a grouplevel analysis, which has reported that lesser-skilled performers can outperform experts on
some video temporal occlusion measures (Müller et al., 2006). Therefore, the individual
differences approach used in this study provides unique evidence that transfer of integrated
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contextual (loose runs) and kinematic information pick-up to different expert opponents is
also not linear relative to higher level of participation.
The two goalkeepers (1 & 7) who anticipated tight runs (goal closed) and goal
locations in the female test were not able to transfer this capability to the male test. Inspection
of the perceptual causes of this inability indicated that one goalkeeper had difficulty in the
pick-up of kinematic information (see GK 7, Table 1), while the other goalkeeper had
difficulty in the pick-up of tight run (contextual) and kinematic information (see GK 1, Table
1). As goalkeeper 1 anticipated above guessing against the female and male drag-flickers in
the loose run, this finding suggests that difficulty in the pick-up of the subtle variations in
contextual information of the tight run may influence the capability to integrate kinematic
information and transfer to different opponents. Interestingly, one goalkeeper was not
negatively influenced by the tight run, as this goalkeeper anticipated tight runs and goal
locations above guessing in the male, but not the female test. This appeared due to a greater
capability to pick-up the drag-flicker kinematics in the male test (see GK 4, Table 1). Again,
while there are no directly comparable studies, our study suggests that integration of
contextual and kinematic information for anticipation can be as challenging across different
expert opponents, as it has been reported to be based upon the handedness of opponents
(Loffing et al., 2016). Our findings thus provide unique evidence of the individualized nature
of anticipation skill transfer to different expert opponents, as well as the interplay between
contextual and kinematic information pick-up to facilitate transfer at the individual level.
Despite some goalkeepers being able to transfer anticipation of contextual, in the form
of loose runs (goal open), and kinematic information to different opponents, percentage
correct ranged from 25% to 38%. In addition, no goalkeepers were able to transfer
anticipation of contextual, in the form of tight runs (goal closed), and kinematic information
to different opponents. These findings on our highly representative task in terms of the
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multiple options faced by goalkeepers in a match, have important implications for
competition performance. First, goalkeepers face a variety of drag-flickers within a match
and across tournaments (Morris-Binelli et al., 2020). Accordingly, the capability to pick-up
advance cues that have subtle changes from one performance context to the next is vital for
successful performance in sport (Müller & Rosalie, 2019). The relatively lower accuracy of
some goalkeepers, and the inability of others, to pick-up advance cues, coupled with the over
reliance on ball flight information, may result in poorer saving performance due to the severe
time constraints (Williams & Jackson, 2019). Opposition teams, especially when presented
with a tight run, may be able to exploit the goalkeeper by selecting non-specialized dragflickers to take certain penalty corners to increase deception and the likelihood of scoring a
goal (Müller & Rosalie, 2019). Second, difficulty in the pick-up of earlier occurring visual
information against different opponents may result in the goalkeepers being more susceptible
to deception by the drag-flickers movement pattern (Jackson et al., 2018; Smeeton &
Williams, 2012). Again, this could lead to poorer saving performance because the goalkeeper
will have less time to respond to intercept the ball (Mori & Shimada, 2013).
The current study has important theoretical implications for the expert model of visual
anticipation in high-speed interceptive sports, as well as theories of transfer, such as identical
elements theory (Morris-Binelli & Müller, 2017; Thorndike, 1914). The observed individual
differences in the pick-up of contextual (goal open or closed) and kinematic (goal location)
information against female and male opponents refers to stage one of the model (body
positioning). Specifically, that only some goalkeepers could integrate contextual and
kinematic advance cues to a degree on both tests, suggests that the capability to use this
information to position the body with sufficient time to intercept the ball may be
compromised. The updated version of the model by Morris-Binelli and Müller (2017)
emphasized the importance of individual differences to make predictions about anticipation.

176
The evidence presented in this and other recent anticipation studies (e.g., Morris-Binelli et al.,
2021) indicates that anticipation and its transfer is indeed highly individualized in expert
samples. Therefore, in its evolution (based upon accumulated research), the model is taking
further into consideration that anticipation expertise is not necessarily a linear progression.
This means that depending upon whether or not advance information is picked-up there may
be earlier to relatively later action responses to intercept the object. In addition, theories of
transfer (e.g., Thorndike, 1914) need to consider that perceptual-cognitive-motor skill transfer
is highly individualized. In turn, this means that action responses to different opponents will
likely be earlier or relatively later. If action responses are initiated later, the performer will
need to have developed a fast motor execution time in order to intercept the object
successfully (Dicks et al., 2010). Therefore, by investigating the naturally occurring transfer
context, such as female athletes who train against their male counterparts, understanding of
anticipation and transfer theory has been furthered.
There are several practical implications from this paper. First, our work shows that it
is possible to assess expert athlete pick-up of advance cues against different opponents at the
individual level. This approach provides vital information to coaches and high-performance
staff to develop individual athletes (Davids et al., 2015; Reade et al., 2008). Second, as some
transfer across female and male opponents was found, it appears that female goalkeepers
training against male drag-flickers may have some benefit to the integration of contextual and
kinematic information for anticipation. Therefore, goalkeepers’ continued exposure to
different drag-flickers in live penalty corner practice is recommended. Third, given the
difficulty some goalkeepers have using advance information, video-based temporal occlusion
training appears necessary to improve female experts’ anticipation against multiple
opponents. Such training has improved expert male field hockey goalkeepers’ capability to
integrate contextual (goal open or closed) and kinematic (goal location) information to
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anticipate penalty corners on a video-based test, as well as led to some improvements to field
and match-based penalty corner assessments (Morris-Binelli et al., 2021).
Limitations, Future Research, and Conclusions
Conducting applied research with expert athletes in a busy high-performance program
that includes training and competition is challenging as discussed in the literature (Müller et
al., 2015; Panchuk et al., 2018). The potential limitations encountered in this study included;
limited access to film the number of female penalty corner sequences, order in which the
male and female drag-flicker test could be administered based upon access, and COVID-19
that further restricted in-person testing of athletes. Nonetheless, given the planned design to
nest the analysis at the individual participant level and power the statistical analysis at the
individual trial level, we were able to collect meaningful data that advances understanding of
truly expert anticipation. Furthermore, there were no ceiling effects in anticipation scores
from repeated exposure to filmed footage, indicating that familiarity did not appear to be a
confounding factor.
Future research should investigate training of individual female goalkeepers’
anticipation using video-based temporal occlusion through in-match capture of multiple
opposition drag-flickers. Such a study could compare training against female opponents to
training against female and male opponents, with transfer assessments to the field and match
settings. This type of study may provide a promising avenue to further understand how
training against female and male opponents improves anticipation skill, penalty corner saving
performance, and transfer of anticipation within a domain.
The study presented in this paper contributed to furthering knowledge in an important
topic of individual differences and transfer in truly expert anticipation skill. Specifically,
some expert and emerging-expert goalkeepers could integrate contextual (goal open or
closed) and kinematic (goal location) information to anticipate against female opponent
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movement patterns, which is what they face in training to prepare for competition.
Importantly, we found individual differences in the capability to transfer anticipation skill to
male opponents, which goalkeepers face in training to obtain exposure to the different dragflicker movement patterns also experienced in competition. The individual differences
approach utilized to assess transfer of anticipation indicated that reading different expert
opponents can be challenging for some expert performers.
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CHAPTER 6
Implementing Skill Acquisition Research in High-Performance Sport: Reflecting on the
Importance of Autonomy-Support for Successful Collaboration
Abstract
Perceptual-cognitive-motor skills, such as visual anticipation, are pivotal for superior
performance in sport. However, there are limited numbers of skill acquisition specialists, who
have the capabilities to improve these skills, working with coaches to develop athletes. The
purpose of this opinion paper is to present a brief reflection on the use of psychological
strategies to create an autonomy-supportive environment to embed a skill acquisition research
project in high-performance sport. The research project was conducted with the Australian
national field hockey high-performance unit and investigated individual differences in truly
expert goalkeepers’ visual anticipation. The paper first discusses how psychological
strategies can be used to create an autonomy-supportive environment to build a relationship
and establish a research collaboration with a team. Second, the paper discusses the
importance of continually involving coaches and athletes in the research process to facilitate
their engagement and self-determined motivation to complete the project. By applying
psychological strategies to create an autonomy-supportive environment, sports scientists may
have greater success in overcoming the many barriers to conduct research in an elite sport
setting, with the outcomes highly valuable for athlete development.
Keywords: skill acquisition specialist, autonomy-support, anticipation, coach, highperformance sport
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Implementing Skill Acquisition Research in High-Performance Sport: Reflecting on the
Importance of Autonomy-Support for Successful Collaboration
Elite coaches and professional athletes agree that perceptual-cognitive-motor skills,
such as anticipation, are critical for expert performance in sport (Fullagar et al., 2019; Steel et
al., 2014). Yet, there are few skill acquisition specialists, who possess the expertise to
improve perceptual-cognitive-motor skills, working with coaches to develop athletes
(Dehghansai et al., 2020; Steel et al., 2014). Recent research has outlined several barriers to
successful collaboration between skill acquisition specialists and coaches, such as coach and
athlete endorsement, coaches’ perceptions that research questions do not apply to their sport,
as well as difficulty accessing and understanding a skill acquisition specialist’s role in
developing athletes (Fullagar et al., 2019; Malone et al., 2019; Steel et al., 2014). To
overcome these barriers and increase the uptake of research collaborations, skill acquisition
specialists should utilize psychological strategies (Occhino et al., 2014).
It is well documented that autonomy-supportive environments increase selfdetermined motivation wherein a person engages in an activity because the activity is deemed
important and aligned with one’s values (Baard et al., 2004; Lynch et al., 2005; Mageau &
Vallerand, 2003; Occhino et al., 2014; Ryan & Deci, 2000; Standage et al., 2006; Williams et
al., 1996). An autonomy-supportive environment is characterized by an individual (e.g., skill
acquisition specialist) valuing others’ perspectives (e.g., coaches and athletes), supporting
their sense of choice, encouraging their participation in decision making, and being
responsive to their thoughts and questions (Deci & Ryan, 2008; Occhino et al., 2014). Selfdetermined motivation has been reported to increase persistence, effort, and performance
(Baard et al., 2004; Mallett, 2005; Occhino et al., 2014), which can lead to greater participant
engagement to complete a research project (Deci & Ryan, 2008; Ryan & Deci, 2000). As
such, skill acquisition specialists should use strategies to create an autonomy-supportive
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environment to foster collaborations with coaches and athletes (Thornton, 2020). These
strategies include: (1) providing choice with boundaries (e.g., coaches and athletes choosing
between two options to solve a task); (2) providing a rationale for tasks; (3) acknowledging
coach and athlete perspectives; (4) providing coaches and athletes with opportunities to take
initiative; (5) providing feedback with suggestions to resolve issues; (6) avoiding controlling
behaviour; and (7) preventing ego-involvement (e.g., sports scientist recognising they may
not have the only solution to a performance issue; Mageau & Vallerand, 2003). These
strategies could help engage coaches and athletes in perceptual-cognitive-motor research
projects, which are crucial to improve skill performance in sport (Morris-Binelli et al., 2021).
A vital perceptual-cognitive-motor skill that coaches and athletes need to understand
is important for skill performance in high-speed interceptive sports is visual anticipation
(Morris-Binelli & Müller, 2017; Williams & Jackson, 2019). Visual anticipation is the
capability of a performer (e.g., field hockey goalkeeper) to pick-up visual cues from
contextual (e.g., player field positioning), opponent kinematic (movement pattern), as well as
object flight information to anticipate what will happen to guide action (e.g., save a penalty
corner drag-flick on goal; Williams & Jackson, 2019). It has been reported that anticipation
of truly expert (international) athletes can be improved through video temporal occlusion
training, which transfers to improved field and match performance (Alder et al., 2016;
Morris-Binelli et al., 2021). Briefly, temporal occlusion training involves placing of a black
video frame at certain events in filmed opponent’s action, such as stick-ball release of the
drag flicker’s action. The performer, such as the goalkeeper, is then required to make a
verbal, written, or simulated motor response prediction of ball location. When used for
training, an unoccluded replay of the video trial is presented as feedback to facilitate learning
(Morris-Binelli et al., 2021). Therefore, video occlusion is an easily accessible and low-cost
way to assess and train visual anticipation in athletes.
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The purpose of this opinion paper is to provide a brief reflection upon strategies used
to create an autonomy-supportive environment to embed a skill acquisition research project in
high-performance sport. The research project was conducted with the Australian national
field hockey high-performance unit to assess and improve emerging-expert and expert
goalkeepers’ visual anticipation. This paper is structured in two sections to discuss: (a) how
skill acquisition specialists can build a relationship with a team, and (b) the importance of
continually involving coaches and athletes in the research process. At the end of the paper, an
independent reply from the national specialist goalkeeping coach is presented to provide a
coach’s perspective of the strategies used to facilitate the project.
Building a Relationship with a Team
It is well reported that coaches prefer to obtain sports science evidence via one-on-one
and small-group conversations (Fullagar et al., 2019; Malone et al., 2019; Reade et al., 2008).
Accordingly, initial stages of the project consisted of one-on-one discussions between the
second author and coaches at Hockey Australia to initiate a collaboration. These discussions
established an open channel of communication regarding current key topics in skill
acquisition, whereby coaches had the opportunity to ask questions to identify potential areas
of research interest. This was an important first step to overcome the reported barrier that
coaches are often unaware of how skill acquisition specialists can assist them in developing
athletes (Fullagar et al., 2019). Through this process, coaches identified that visual
anticipation might be pertinent to improve their goalkeepers’ performance. Therefore, these
discussions encouraged coaches to take some initiative in determining the direction of the
research project, which is a key strategy to create an autonomy-supportive environment
(Standage et al., 2006). Thereafter, the coaches appeared to portray increased self-determined
motivation to undertake a research collaboration. This was evidenced by members of the
high-performance unit, including the national men’s team head coach, assistant coaches,
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specialist goalkeeping coach, and head of conditioning, agreeing to attend a small-group
presentation on visual anticipation at the university campus.
The aim of the small-group presentation was twofold; to further educate the highperformance unit regarding the importance of visual anticipation for goalkeeping, and seek
their input on skills that required improvement (Morris-Binelli & Müller, 2017). These aims
were important to provide a detailed rationale for the project and to facilitate a sense of
autonomy. Both are crucial to creating an autonomy-supportive environment in order to
receive coach endorsement and increase self-determined motivation for commitment to the
research project (Mageau & Vallerand, 2003). Three main points were raised in the
presentation. First, it was mentioned that ball travel time in the penalty corner is extremely
fast (approximately 500 ms), so it is important to use visual cues before ball flight to gain
time to save the goal. Second, some previous studies, including field hockey goalkeeping,
were presented that reported the importance of drag-flicker movement pattern cues to
anticipate the penalty corner. Third, it was explained that previous studies into field hockey
goalkeeping had not focused on pick-up of contextual cues, compared groups of experts
versus novices with no individual comparisons within expert samples, and had not
investigated training of anticipation. After the presentation, coaches reported that the penalty
corner, which provides the opposition team with a key opportunity to score, was an aspect of
goalkeeping that they were interested in improving. In addition, coaches agreed with the
authors and recent literature (Müller, Brenton, Dempsey, et al., 2015; Müller et al., 2017) that
the visual anticipation skill of goalkeepers should be assessed and trained at the individual
participant level. At meeting conclusion, the high-performance staff agreed to provide access
to their expert goalkeepers for the first author’s PhD. Therefore, it appears, an autonomysupportive environment during initial development of the project was critical to initiate coach
engagement and formalize the collaboration (Fullagar et al., 2019).
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Thereafter, the first author made a deliberate attempt to immerse himself within the
high-performance unit. Immersion is important to foster an effective relationship with
coaches and athletes, as coaches are more likely to work with sports science researchers who
are knowledgeable in their sport and can engage with their athletes (Dehghansai et al., 2020;
Steel et al., 2014). Consequently, the lead author attended approximately 25 training sessions
per year for three years to learn more about the penalty corner as well as to have one-on-one
conversations with coaches and athletes. This was imperative to build a sense of relatedness
and acknowledge that coaches and athletes have expertise that can be utilized to fine-tune the
research project. These behaviors align with the strategies of recognizing the perspectives of
coaches and athletes, as well as reducing the perception of ego-involvement from the sports
scientist, which are crucial to creating an autonomy-supportive environment to increase selfdetermined motivation (Mageau & Vallerand, 2003). In addition, immersion within the team
allowed the researchers to identify the coaches’ preferable communication method (face-toface discussions) to plan each phase of the project. From an autonomy-support perspective,
identification of desirable communication methods relates to acknowledging coaches’
perspectives, which can increase self-determined motivation to complete additional tasks in
the research project (Mageau & Vallerand, 2003; Occhino et al., 2014). Therefore,
recognizing the most effective communication method at the beginning of the project,
allowed the researchers to obtain timely information to progress the project (Buchheit, 2017;
Fullagar et al., 2019).
Continually Involving Coaches and Athletes in the Research Process
The first study in the research project consisted of semi-structured interviews with the
coaches and goalkeepers to understand their beliefs about important factors for anticipation.
These interviews had four main benefits to the overall project. First, an inconsistency
between the researchers and coaches and athletes’ definition of visual anticipation was
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identified. The coaches and athletes believed anticipation involved “guessing” where a dragflicker will direct the ball in the goal, which would decrease performance. By clarifying that
visual anticipation is the use of visual cues to guide action, rather than “guessing” (Williams
& Jackson, 2019), we were able to obtain greater support for the project. Second, they
continued to create relatedness by conveying an interest in the coaches and athletes’
experiences as experts within their domain (Lynch et al., 2005; Mageau & Vallerand, 2003).
Third, the interviews addressed a gap in the anticipation literature regarding knowledge of
what expert coaches and athletes consider to be critical factors for anticipation (see MorrisBinelli et al., 2020). Fourth, insight into the beliefs of factors deemed important to anticipate
guided the design of quantitative studies to address not only gaps in the literature, but also
athletes and coaches’ interests and priorities. This gave the athletes and coaches an increased
sense of choice in the research project, which is crucial to generate an autonomy-supportive
environment and foster self-determined motivation (Mallett, 2005; Williams et al., 1996). For
example, coaches and goalkeepers reported that they wanted to be able to train against
opposition drag-flickers to gain exposure to the different movement patterns they face in
competition. As a result, one of the studies in the project included video temporal occlusion
training that used match footage of opposition drag-flickers as the stimuli to improve
goalkeepers’ anticipation skills. Therefore, seeking the perspectives of coaches and athletes
was crucial to planning and implementation of the project, which was a reported barrier to
implementing skill acquisition principles in sport that was overcome by the research team
(Steel et al., 2014).
In addition to the interviews, numerous one-on-one and small-group meetings were
held to plan specific details of the studies to improve anticipation. These meetings aimed to
continue to foster a sense of autonomy regarding the direction of the project, as well as
relatedness with the research team to increase self-determined motivation (Mageau &
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Vallerand, 2003). A major point of interest from the coaches’ perspective was the role the
goalkeepers’ own defensive runner has in defending a penalty corner. Coaches informed us
that at international level, the runner typically executes two run types: (1) a “tight” run,
whereby the runner’s body passes over the penalty spot restricting the drag-flickers capability
to shoot to the left side of the goal, and (2) a “loose” run, whereby the runner’s body is to the
left of, and misses, the penalty spot, which allows the drag-flicker to shoot towards the left
side of the goal. As a tight or loose run can determine the likelihood of the number of goal
locations the drag-flicker can shoot towards, it was agreed that the defensive runner could act
as contextual information (i.e., player positioning), which the goalkeepers could read in order
to anticipate. Accordingly, the defensive runner was filmed and included in the video
temporal occlusion test and training phases of the project. Therefore, the research team was
able to gain insight into the use of both kinematic and contextual information, which was not
only important from the coaches perspectives’, but also advanced knowledge of expert
anticipation (Morris-Binelli & Müller, 2017; Williams & Jackson, 2019).
Along with the one-on-one and small-group meetings, we also provided progressive
feedback to the coaches and athletes, which summarized the main findings and provided
recommendations of what should be investigated in the next phase of the project. For
example, after the video temporal occlusion test, which identified individual differences in
emerging-expert and expert goalkeepers’ anticipation skill (Morris-Binelli et al., 2021), the
first and second authors presented these results to the high-performance unit. At the end of
the presentation, several recommendations were offered, which would address important gaps
in the literature to advance knowledge of expert anticipation (Morris-Binelli & Müller, 2017).
They included: (a) video temporal occlusion training using match footage to improve
goalkeeper’s pick-up of contextual and kinematic information, (b) investigation of whether
this training leads to improvements in the goalkeepers’ field and match performance, and (c)
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video temporal occlusion assessment six-months post-training to determine whether training
benefits are retained. By using the strategies of providing feedback with recommendations
rather than demands, seeking the coaches’ perspectives, and offering a sense of choice with
how to proceed with the project, an autonomy-supportive climate was facilitated. This is
predicted to increase self-determined motivation to engage in a research project (Mageau &
Vallerand, 2003; Occhino et al., 2014). Accordingly, the coaches agreed to conduct the next
phase and were excited in the potential benefit the training could have to the goalkeepers’
performance.
In a later meeting regarding the logistics of temporal occlusion training, the head
coach expressed interest about knowing; the distance the goalkeepers missed the ball when
attempting to save and whether the training would decrease this distance. Accordingly, in the
field test, which required the goalkeepers to save live penalty corner drag-flicks before and
after the video temporal occlusion training, distance (in cm) between the ball and saving limb
was measured. Tailoring the design of the field test to align with a specific interest of the
coach was instrumental in convincing the coaches to conduct a field test, which is often
challenging in high-performance sport due to busy schedules and athlete physical workload
restrictions (Müller, Brenton, & Rosalie, 2015). Further, as distance to the ball was important
to the coaches, they approved the number of drag-flicks we required across test to re-test
phases to identify individual differences. Including the coaches’ perspectives and allowing
choice in the study design had a significant benefit to the coaches’ self-determined
motivation to conduct the overall training intervention. Observable behaviors that indicated
this included: (a) coaches identifying a four-week block to implement the training, (b)
agreement by coaches and athletes on set times during the week when the training would
occur, (c) the head coach having these times listed on the whiteboard in his office, and (d)
allowing the training and field test to be conducted during regular training sessions.
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Conclusion and Future Collaborations
Utilization of the strategies discussed throughout this paper allowed the research team
to conduct studies with international and national level athletes to advance knowledge of
visual anticipation. Specifically, we were able to address a gap in the literature regarding
coaches and athletes’ beliefs of important factors for anticipation (see Morris-Binelli et al.,
2020). In addition, we were able to identify individual differences in expert goalkeepers’
pick-up, and integration, of contextual and kinematic information for anticipation. Through
video temporal occlusion training this capability was improved for those goalkeepers who
received the intervention and was retained for six-months on a video test. Importantly, video
temporal occlusion training appeared to benefit field and match performance (see MorrisBinelli et al., 2021).
High-performance sport is often a stressful and time-constrained environment,
whereby coaches and athletes are required to meet numerous commitments outside of training
and completion (Fletcher et al., 2012; Olusoga et al., 2009). In order for skill acquisition
specialists, and other sports scientists, to implement applied research, it is imperative to foster
coaches and athletes’ motivation to increase the chance of collaboration. Based on our
experience working with a national high-performance team, we strongly recommend sports
scientists employ the strategies discussed herein to create an autonomy-supportive
environment between themselves and coaches and athletes. In doing so, sports scientists may
have greater success in overcoming the many barriers to conducting research in an applied
sport setting, which is crucial to prepare athletes for competition.
Reply From Dave Staniforth: National Goalkeeping Coach at Hockey Australia
I thank the authors for the interesting article and the opportunity to comment. The
implementation of strategies discussed throughout the paper were very effective in creating a
positive working relationship between the authors and coaches at Hockey Australia. I believe
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these strategies increased the coaching staff’s motivation to complete the project, as we were
greatly involved throughout the collaboration. From the initial meetings, interviews, and
subsequent meetings, it was clear that the researchers were interested in my opinion as well
as the perspectives of the other coaches regarding the direction of the research project and the
design of each study. I greatly appreciated this approach and noted at the time that it sparked
greater interest in the research topic, as well as an increased desire to complete the studies.
This has not always been my experience when collaborating with sport science researchers.
Often, the scientist will tell coaches what needs to be investigated to improve performance,
without asking for the coaches’ view or involving them in the design of the studies. A
behaviour by the first author that I found particularly helpful was that he would frequently
come to training to discuss the next phases of the project with me face-to-face. He also
always portrayed a sense of patience and understanding regarding the busy schedules and
pressurized environment of high-performance sport. This was important because this
environment often makes it difficult to organize additional activities, such as those that come
with trying to conduct research. The quick face-to-face communication allowed me to easily
and quickly organize suitable timeframes to conduct the next task required to keep the project
running. I also found the provision of feedback to the high-performance unit after each
milestone instrumental in keeping the coaches involved, as well as ensuring that our opinions
and recommendations were heard. Overall, this project allowed me and the other coaches to
investigate and apply key principles of visual anticipation, which provided us with a thorough
understanding of how we can fine-tune the training environment to improve goalkeepers’
penalty corner performance.
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CHAPTER 7
Conclusions, Implications, Limitation, and Future Research
The purposes of this thesis were to: (i) extend theoretical understanding of visual
anticipation as it relates to the expert model proposed by Müller and Abernethy (2012) and
updated by Morris-Binelli and Müller (2017), as well as its relation to transfer of anticipation
(Müller & Rosalie, 2019), (ii) advance understanding of expert coaches and athletes’ beliefs
and attitudes of crucial factors for anticipation, (iii) extend knowledge of individual
differences in experts’ capabilities to pick-up, and integrate, contextual and kinematic
information for anticipation, (iv) determine whether experts’ capabilities to pick-up, and
integrate, contextual and kinematic information could be improved through video-based
perceptual training, retained, as well as transferred to in-situ and competition settings, and (v)
advance knowledge of individual differences in within sport transfer (i.e., across different
opponents) of the capability to pick-up, and integrate, contextual and kinematic information
to anticipate (Müller & Rosalie, 2019). To systematically achieve these purposes, the
following was conducted with true experts: (a) semi-structured interviews with international
coaches and goalkeepers’ to gather a rich and detailed insight into beliefs and attitudes of
important factors for anticipation (study 1, Chapter 3), (b) investigation of individual
differences in emerging-expert (national) and expert (international) athletes’ information
pick-up for anticipation using a video temporal occlusion test (study 2 – Experiment 1,
Chapter 4; study 3, Chapter 5), (c) application of video temporal occlusion training with
expert (international) athletes to improve anticipation skill, with retention, in-situ, and
competition assessments at the individual level (study 2 – Experiment 2, Chapter 4), and (d)
investigation of individual differences in emerging-expert (national) and expert
(international) athletes’ capabilities to transfer information pick-up across different opponents
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(study 3, Chapter 5). Collectively, this thesis furthered theoretical and applied knowledge
within the field of sport expertise and motor skill learning.
From the findings of this thesis, the following conclusions can be drawn. First,
international field hockey coaches and goalkeepers believe visual anticipation is a crucial
skill to successfully save the penalty corner drag-flick. Specifically, coaches and goalkeepers
reported that pre-match video analysis, the pick-up of visual cues (i.e., contextual, kinematic,
and ball flight information) and movement execution (e.g., positioning and stance), as well as
psychological factors (e.g., arousal regulation) are vital for anticipation (study 1, Chapter 3).
Second, there are individual differences in emerging-expert and expert goalkeepers’
capabilities to pick-up, and integrate, contextual (i.e., defensive runner positioning) and dragflicker kinematic information to anticipate the penalty corner drag-flick (study 2 –
Experiment 1, Chapter 4; study 3, Chapter 5). Third, video temporal occlusion training leads
to individualized improvements of expert field hockey goalkeepers’ capabilities to integrate
contextual and kinematic information pick-up, with improvements retained for six-months.
Further, video temporal occlusion training resulted in individualized transfer of
improvements to in-situ field and competition settings (study 2 – Experiment 2, Chapter 4).
Fourth, individual differences exist in emerging-expert and expert goalkeepers’ capabilities to
transfer pick-up, and integration, of contextual and kinematic information across different
opponents to anticipate the penalty corner drag-flick (study 3, Chapter 5).
Several of these purposes and subsequent findings - which are vital to advance
knowledge of expert visual anticipation - could not be fully understood without the degree of
access provided to elite coaches and athletes. For example, by embedding this research within
a national high-performance unit - which consistently partakes in sport activities day-to-day
in a calendar year - adequate time was available to repeatedly implement training and
longitudinally assess expert athletes’ visual anticipation skill six-months after training (study
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2 – Experiment 2, Chapter 4). Further, working with these expert (international) athletes
made it possible to gain access to performance statistics of every match they played, which
made it possible to analyze transfer of learning from laboratory (video training) to
competition settings (study 2 – Experiment 2, Chapter 4). In addition, through the process of
achieving the purposes and findings of this thesis, valuable insight was obtained regarding the
importance of providing an autonomy-supportive environment to nurture long-lasting and
stronger relationships with coaches and athletes. Consequently, this can help facilitate
coaches and athletes’ engagement and motivation to complete a research project (Chapter 6).
These reflections have important implications for researchers and applied sports scientists,
such as skill acquisition specialists, who desire to conduct future research with truly expert
populations to advance knowledge of sport expertise (see Chapter 6).
The findings and conclusions from this thesis have theoretical and applied
implications related to the field of sport expertise and motor learning as detailed in the
sections below.
Theoretical Implications
Previous research has utilized verbal report alongside anticipation tasks to identify the
information sources performers consciously attend to, and thus, the information important for
anticipation (e.g., Abernethy & Russell, 1987; Runswick, Roca, Williams, Bezodis, et al.,
2018; Runswick, Roca, Williams, McRobert, et al., 2018). A limitation of verbal reports,
however, is that they provide insufficient detail into the beliefs and attitudes of performers
that influence how attention is directed in order to anticipate (Weissensteiner et al., 2009).
The complementarity mixed-methods approach (see Gibson, 2016) of this thesis, consisting
of semi-structured interviews (study 1, Chapter 3) and quantitative assessment of anticipation
(study 2 – Experiment 1, Chapter 4; study 3, Chapter 5), allowed investigation into what
experts believe they attend to in order to anticipate, why this information is important, as well
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as actual information pick-up for anticipation. The theoretical implications of these three
studies refer to the two-stage model of expert anticipation (Morris-Binelli & Müller, 2017;
Müller & Abernethy, 2012).
In study 1 (Chapter 3), participants reported that contextual and kinematic information
is important for anticipation. Specifically, coaches and goalkeepers believed that visual
contextual information, which occurs during the execution of the penalty corner (e.g.,
defensive runner positioning) is important to guide goalkeepers’ positioning in the goal.
These views align with stage one of the visual anticipation model (Morris-Binelli & Müller,
2017). Second, despite participants’ acknowledging that drag-flicker kinematics provides
important information to anticipate, coaches and goalkeepers were hesitant for these cues to
be used for anticipation. This is a variation from the anticipation model which predicts (based
upon empirical evidence) that kinematic information is also used by the performer to position
their body with enough time to intercept the object (Morris-Binelli & Müller, 2017). Third,
the reported importance of ball flight information to guide interception aligns with stage two
of the model (Morris-Binelli & Müller, 2017). However, the heavy reliance placed on ball
flight information to anticipate, and thus, stage two of the model, may result in goalkeepers
having less time to execute an appropriate action to save the shot on goal.
The findings from study 2 (Experiment 1, Chapter 4) and study 3 (Chapter 5), when
considered alongside those of study 1 (Chapter 3), provide a thorough understanding of
participants’ information pick-up for anticipation. Despite the reported strategy to disregard
drag-flicker kinematic information (study 1, Chapter 3), findings from study 2 and 3
(Chapters 4 and 5) showed that most goalkeepers picked-up contextual and kinematic
advance information to anticipate above chance. These quantitative findings align with stage
one of the model (Morris-Binelli & Müller, 2017), and suggest that expert performers may
not be consciously aware of all the types of the information they use for anticipation. This is
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consistent with previous research, which has reported that conscious verbal report of
information sources is not always aligned with information pick-up for above chance
anticipation (e.g., Abernethy & Russell, 1987). The complementarity mixed-methods findings
from this thesis suggest that pick-up of contextual and ball flight information is likely at a
conscious level (Murphy et al., 2016; Runswick, Roca, Williams, McRobert, et al., 2018),
whereas, pick-up of kinematic information is at a more subconscious level (Abernethy &
Russell, 1987). Therefore, expert anticipation appears to involve an intricate blend of
conscious and subconscious pick-up of information.
The complementarity mixed-methods approach also provides insight into skill
practice and its potential influence on information pick-up for anticipation. The goalkeepers’
accuracy in anticipating the ball’s goal location from kinematic information (see Table 1,
Chapter 4 and Table 1, Chapter 5) was relatively lower compared to previous research with
field hockey goalkeepers (Baker et al., 2009). This finding may be explained by two factors.
First, the anticipation task in study 2 and 3 (Chapters 4 and 5) was more challenging with
eight and 12 response options for tight and loose runs, respectively, compared to Baker et al.
(2009) who used an anticipation task with four response options. Consequently, the
anticipation task implemented in this thesis was highly representative of the multiple options
faced by goalkeepers in competition. Second, the reported higher reliance on ball flight
information and the subsequent frequent use of ball projection machines - which do not
present advance cues - to train goalkeepers’ motor skill execution in order to save (see study
1, Chapter 3), may have compounded the goalkeepers’ hesitance to utilize kinematic cues to
anticipate. This coupled with the inability to regularly train against drag-flickers who possess
different movement patterns (see study 1, Chapter 3), may have limited the goalkeepers’
capability to pick-up kinematic information (Pinder et al., 2011). Accordingly, extended
practice with ball projection machines may negatively impact goalkeepers’ subconscious
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pick-up of kinematic information. Collectively, the findings from studies 1, 2, and 3 align
with the expert model of anticipation, as experts could use contextual and kinematic advance
cues to anticipate (Morris-Binelli & Müller, 2017; Müller & Abernethy, 2012). Importantly,
the findings suggest that the beliefs and attitudes of coaches and athletes, as well as practice
tasks (e.g., ball projection machine drills), may influence the degree of capability to utilize
certain information sources (e.g., kinematics) to anticipate.
A main finding of this thesis was that of individual differences in experts’ visual
anticipation performance. Specifically, the performance studies of this thesis (see study 2 –
Experiment 1, Chapter 4; study 3, Chapter 5) found individual differences in the capability to
pick-up, and integrate, contextual and kinematic advance information to anticipate. There are
two theoretical implications for the broader expertise literature. First, the findings indicate
that visual-perception is highly individualized in expert populations, which complements
previous studies that have reported there is not a uniform visual-perceptual-motor pattern to
achieve a motor skill goal (Dicks et al., 2010; Müller, Brenton, Dempsey, et al., 2015).
Second, the findings provide further evidence that visual-perceptual expertise is not linearly
acquired as participation level increases (see Müller et al., 2006), as some emerging-expert
(national) goalkeepers outperformed expert (international) goalkeepers in study 2 (see
Experiment 1, Chapter 4) and study 3 (see Chapter 5). This is in contrast to a common view
in the expertise literature that the progression to expert status is linear as experience in a
domain increases (Chase & Simon, 1973; Ericsson et al., 1993). In turn, there are theoretical
implications to the expert model of visual anticipation in terms of information pick-up and
how this may impact action responses (Morris-Binelli & Müller, 2017; Müller & Abernethy,
2012). Those goalkeepers who could integrate contextual and kinematic advance information
will likely be able to respond in a timely manner to position their body (stage one).
Alternatively, goalkeepers’ who rely too heavily on ball flight information to anticipate and
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guide their motor responses (stage two), will likely be late in responding, unless they can
compensate by using faster movement times (Dicks et al., 2010). Therefore, in particular, the
model of expert anticipation needs to take into consideration that expertise in interceptive
sports can involve compensatory perceptual and motor capabilities to achieve the task goal.
In relation to learning and transfer, study 2 (Experiment 2, Chapter 4) provided
several findings which further the theoretical understanding of visual anticipation. First,
video temporal occlusion training led to individualized improvements of true experts’ pickup, and integration, of contextual and kinematic information. This extends upon previous
research that has reported individualized improvement to pick-up of kinematic information
alone in order to anticipate the drag-flick and tennis serve (Müller et al., 2017; Scott et al.,
1998). The individualized magnitudes of visual-perceptual learning is consistent with
perceptual-motor learning literature that proposes skill acquisition is non-linear and
individualized in nature (Chow et al., 2016). Accordingly, the progressive challenge of
perceptual and/or motor training should be individualized with the expectation that rates of
learning will, in turn, be highly individualized (Pacheco & Newell, 2018a). Second, the
intervention improved anticipation of highly trained athletes. This extends upon previous
research that has reported video temporal occlusion training improved anticipation in skilled
and novice performers (e.g., Abernethy et al., 2012; Smeeton et al., 2005; Williams et al.,
2002), thereby indicating that video temporal occlusion training can improve performance
across the skill continuum. Third, study 2 (Experiment 2, Chapter 4) indicated that
individualized improvements after video temporal occlusion training were retained for sixmonths. Further, there was an indication of delayed individualized improvements for some
experts. This provides further evidence that visual-perceptual skill learning is highly
individualized, like perceptual-motor learning (Chow et al., 2016; Pacheco & Newell, 2018a),
and may require considerable time for consolidation. Fourth, video temporal occlusion
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training led to individualized transfer to different contexts (in-situ and competition
assessments). This is consistent with recent motor learning literature that has revealed the
acquisition of coordination patterns to improve motor skill outcomes and transfer is highly
individualized, even when practice structure is consistently delivered across participants
(Pacheco et al., 2019; Pacheco & Newell, 2018a, 2018b). Accordingly, whilst the findings of
this thesis indicate transfer from modalities of perceptual-only training to perceptual-action
(field) tasks, it seems that individually improved capabilities might be a main driving factor
for transfer of learning (Müller & Rosalie, 2019). Collectively, the findings of this thesis
indicate that video temporal occlusion training provided individualized improvement to pickup of contextual and kinematic perceptual information, which relates to stage one of the
expert model of anticipation (Morris-Binelli & Müller, 2017; Müller & Abernethy, 2012).
This led to individualized improvement to action responses, which aligns with the model’s
predictions that superior pick-up of perceptual information facilitates superior perceptualmotor performance.
Study 3 (Chapter 5) provided unique evidence of individual differences in experts’
capabilities to transfer pick-up, and integration, of contextual and kinematic information to
anticipate across different opponents. Like the performance and learning findings discussed
above, the capability to transfer anticipation was not dependent upon participation level, as
some emerging-expert (national) goalkeepers could transfer anticipation across opponents,
whereas some expert (international) goalkeepers could not. These findings indicate that the
transfer of anticipation skill is highly individualized and non-linear as a function of increased
participation level. In relation to stage one (body positioning) of the expert model of
anticipation (Morris-Binelli & Müller, 2017; Müller & Abernethy, 2012), the finding that
some, but not all, experts could transfer pick-up, and integration, of contextual (loose runs)
and kinematic information across different opponents, again suggests that some experts may
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not have sufficient time to position their body ready for interception. Interestingly, the
inability of experts to transfer anticipation of tight runs (contextual information) and
kinematics, aligns with Loffing et al. (2016) who reported that skilled performers could not
anticipate above chance against different handed tennis opponents when the opponent was
positioned far, but not near from, the court’s mid-line. As interceptive sports skills are
performed in environments which present different contextual and kinematic information
(Müller & Rosalie, 2019), the findings of study 3 suggest that experts’ capability to integrate
pick-up of advance cues to guide body positioning (stage one of model), may be
compromised when certain variations of contextual information (e.g., loose defensive run vs.
tight defensive run in field hockey) are presented. Consequently, this may result in poorer
attainment of the skill goal due to the extreme time constraints of the sports skill (MorrisBinelli & Müller, 2017). Temporal occlusion training, as conducted in study 2, could improve
transfer of anticipation across multiple opponents.
In summary, the findings of this thesis contribute to the continued development of the
expert model of visual anticipation (Morris-Binelli & Müller, 2017; Müller & Abernethy,
2012) and its relation to transfer of anticipation (Müller & Rosalie, 2019). In future research,
the model’s predictions need to consider the individualized, nonlinear, and compensatory
nature of expert anticipation performance, learning, and transfer to field settings as well as
across opponents. These future predictions of the model can also be better informed by
qualitative inquiry of beliefs and attitudes that can provide insight into
conscious/subconscious processes underlying expert skill.
Applied Implications
The findings from this thesis provide valuable applied knowledge to skill acquisition
practitioners, coaches, and high-performance support staff. The gathered information can be
used to improve performance across the lesser-skilled to expert athlete skill continuum.
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First, the semi-structured interviews (study 1, Chapter 3), identified that expert
coaches and athletes regarded contextual information, as well as the ability to train against
opposition drag-flickers to gain exposure to different kinematics, as important for
anticipation. Accordingly, practice drills and/or video simulation training tasks can be
designed to expose club level players to these information sources to develop their
anticipation skill. In relation to this project, inclusion of a defensive runner as contextual
information (study 2 and 3, Chapters 4 and 5) and use of opposition penalty corner footage
(study 2, Chapter 4), aligned with the coaches and athletes’ interests and priorities.
Consequently, greater support for the research was obtained, which facilitated coach and
athlete engagement and motivation to compete the proceeding studies (see Chapter 6).
Therefore, researchers and skill acquisition practitioners should seek the opinions of coaches
and athletes regarding the research topic (e.g., anticipation) at the beginning of a
collaboration. This more holistic approach will not only provide thorough knowledge of the
research question but will likely increase coaches and athletes’ motivation to participate.
Second, the research in this thesis demonstrated that video temporal occlusion, with a
verbal response, was able to identify individual differences in true experts’ capabilities to
pick-up, and integrate, contextual and kinematic advance cues to anticipate (study 2 –
Experiment 1, Chapter 4; study 3, Chapter 5). This is important, because as mentioned above,
coaches and goalkeepers reported that the use of contextual and kinematic information is
crucial for performance (study 1, Chapter 3). Therefore, the ability to detect fine-grained
differences in the pick-up, and integration, of these information sources provides coaches and
high-performance staff with vital information to individually assess, and then target training,
to improve athletes’ visual anticipation skill (Davids et al., 2015; Reade et al., 2008). Further,
it is becoming increasingly challenging to convince high-performance units to allow their
athletes (e.g., defensive runners and drag-flickers) to act as opponents during in-situ
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anticipation tests due to potential injury of being struck by a ball and/or increase in physical
workload that may cause injury (Müller, Brenton, & Rosalie, 2015). Therefore, video
temporal occlusion is a viable method to assess expert visual anticipation, whilst not
impinging upon the day-to-day operations of a high-performance unit.
Third, this thesis demonstrated that the anticipation skill of truly expert performers
can be improved (study 2 – Experiment 2, Chapter 4). Accordingly, occlusion training can be
easily applied to develop anticipation in skilled or elite populations. Specific to expert
performers, anticipation training can be tailored where footage of opponent athletes can be
relatively easily captured and used as training stimuli to expose performers to the different
movement patterns they may encounter in competition. This is vital, as study 3 (Chapter 5)
demonstrated that not all expert goalkeepers could transfer the capability to pick-up, and
integrate, contextual and kinematic advance cues to anticipate across different opponents.
Crucially, the expert goalkeepers who received video temporal occlusion training, which
targeted this perceptual information pick-up, had individualized improvements to action
responses in field and competition settings. Therefore, there is a unique opportunity for skill
acquisition specialists, coaches, and high-performance support staff, to use opposition player
footage to improve athlete performance.
In addition to the perception-only training utilized in this thesis, technologies such as
ProBatter (i.e., video simulation of opponent kinematics with a ball projected) may be
adapted to other sports (e.g., field hockey), and used with occluded opposition match footage
to allow an interceptive action response in training. Such a motor response may lead to
greater transfer to in-situ and competition settings, due to tighter perception and action
linkages (see Mann et al., 2010), as well as increased athlete engagement during training.
These training methods are becoming increasingly necessary as physical workload
restrictions limit the number of drag-flicks goalkeepers can face in training (Morris-Binelli et
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al., 2020; Müller, Brenton, & Rosalie, 2015). Moreover, opportunities exist for skill
acquisition practitioners to closely collaborate with coaches and high-performance staff, such
as performance analysts, to develop and adapt the training approach reported in this thesis.
For example, the skill acquisition specialist could work with the performance analyst to
identify pertinent contextual information of upcoming opposition (e.g., drag-flicker action
tendencies), and develop video temporal occlusion training to improve goalkeepers’
capabilities to integrate this information with drag-flicker kinematics for superior anticipation
(Jackson et al., 2020). Such collaborations may be crucial to better prepare athletes for
performance in competition.
Limitations and Future Research
The sport expertise literature has argued for engagement of the motor system through
coupling of action to perceptual information with an opportunity to intercept an object, like
the way it occurs in the field setting of the sport skill (e.g., Dicks et al., 2009; Mann et al.,
2010). Therefore, a potential limitation of the research conducted in this thesis is the use of
video temporal occlusion, which did not allow participants to use the motor system to
anticipate and intercept a ball. There is evidence, however, that the motor system is indeed
activated (engaged) during visual-perception tasks, which do not consist of an interceptive
motor response (e.g., Aglioti et al., 2008). Further, the demonstrated pick-up of advance
information for anticipation in video temporal occlusion tasks, has been confirmed to also
occur in field-based occlusion methods where the motor system is engaged during an
interceptive task (Müller & Abernethy, 2012). In addition, the use of visual-perception only
training in this thesis transferred to improved perception-action responses within field and
competition settings. Therefore, video temporal occlusion is suitable to probe pick-up of
advance information for anticipation and improve this capability in applied experimental
research.
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Recent sports science literature has raised concerns regarding the sole use of
magnitude-based inferences due to issues such as increasing the risk of concluding benefit
from ineffective interventions (e.g., Sainani et al., 2019; Welsh & Knight, 2015). Therefore,
the use of magnitude-based inferences in the research conducted in this thesis is a potential
limitation. However, recent scientific literature has also raised concerns over the sole use of
inferential statistics due to the reliability of p-values and difficulties identifying the practical
significance of an effect (e.g., Nuzzo, 2014). Therefore, the research conducted in this thesis
used a combination of inferential statistics and magnitude-based inferences, along with aprior power analyses, in order for rigorous statistical analyses to be conducted, which allowed
for the practical significance of effects to be estimated.
Future research could implement smaller duration perceptual training phases postretention test, to provide further improvements or arrest any declines to anticipation skill.
Such an approach would provide additional longitudinal data regarding the individualized
nature of skill learning and its retention. Moreover, a separate study could investigate training
of individual female goalkeepers’ anticipation. This study could compare video temporal
occlusion training against multiple female opponents captured in-match to training against
one or two female opponents from the performer’s own team, with transfer assessments to the
field and competition settings. This type of study might provide further understanding of how
training against multiple opponents improves anticipation skill, penalty corner saving
performance, and transfer of anticipation within a domain. Another option could be to
compare video temporal occlusion training to ProBatter interceptive response in order to
determine their relative benefits to improve anticipation and transfer to different settings.
Finally, as coaches and goalkeepers reported that psychological skills (e.g., arousal
regulation) are important for anticipation (see study 1, Chapter 3), future research could
investigate the effect of psychological factors, such as anxiety, on information pick-up for
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anticipation at the individual level (e.g., group comparison design, see Cocks et al., 2016). An
anticipation training study could then be implemented to facilitate the pick-up of visual
information under anxiety to ascertain whether such training transfers to improved match
performance at an individual level (Alder et al., 2019; Williams & Jackson, 2019). This
interdisciplinary approach, combining the fields of sport expertise and sport psychology, has
the potential to further our understanding of individual differences in anticipation skill in
contexts which are highly representative to competition performance.
Summary
This thesis has contributed to gaps in the sport expertise and skill learning literature
by furthering knowledge of performance, learning, and transfer of visual anticipation at an
individual performer level. Use of a complementarity mixed-methods approach was pivotal to
identify important sources of information, as well as individual awareness, pick-up, and
improvement of anticipation. Findings from the series of studies in this thesis have
contributed to advance theoretical explanations of visual anticipation outlined in the expert
model (Morris-Binelli & Müller, 2017; Müller & Abernethy, 2012). In addition, the findings
from this thesis have presented practical knowledge of how to assess and improve
anticipation skill at the individual athlete level. The complementarity mixed-methods and
individual differences approach of this thesis is of high value to the development of skill in
other domains such as military and law enforcement. Collectively, an individual differences
approach appears a fruitful avenue to study expertise and skill learning in the future.

215
References
Abernethy, B., & Russell, D. G. (1987). Expert-novice differences in an applied selective
attention task. Journal of Sport and Exercise Psychology, 9(4), 326-345.
https://doi.org/10.1123/jsp.9.4.326
Abernethy, B., Schorer, J., Jackson, R. C., & Hagemann, N. (2012). Perceptual training
methods compared: The relative efficacy of different approaches to enhancing sportspecific anticipation. Journal of Experimental Psychology: Applied, 18(2), 143-153.
https://doi.org/10.1037/a0028452
Aglioti, S. M., Cesari, P., Romani, M., & Urgesi, C. (2008). Action anticipation and motor
resonance in elite basketball players. Nature Neuroscience, 11(9), 1109-1116.
https://doi.org/10.1038/nn.2182
Alder, D. B., Causer, J., & Poolton, J. (2019). Training under pressure: Current perspectives
and future directions. In A. M. Williams & R. C. Jackson (Eds.), Anticipation and
decision making in sport (pp. 359-374). Routledge.
Baker, J. D., Farrow, D., Elliott, B. C., & Anderson, J. (2009). The influence of processing
time on expert anticipation. International Journal of Sport Psychology, 40, 476-488.
www.ijsp-online.com
Chase, W. G., & Simon, H. A. (1973). Perception in chess. Cognitive Psychology, 4(1), 5581. https://doi.org/10.1016/0010-0285(73)90004-2
Chow, J. Y., Davids, K., Button, C., & Renshaw, I. (2016). Nonlinear pedagogy in skill
acquisition: An introduction. Routledge.
Cocks, A. J., Jackson, R. C., Bishop, D. T., & Williams, A. M. (2016). Anxiety, anticipation
and contextual information: A test of attentional control theory. Cognition and
Emotion, 30(6), 1037-1048. https://doi.org/10.1080/02699931.2015.1044424

216
Davids, K., Araújo, D., Seifert, L., & Orth, D. (2015). Expert performance in sport: An
ecological dynamics perspective. In J. Baker & D. Farrow (Eds.), Routledge
handbook of sport expertise (pp. 130-144). Routledge.
Dicks, M., Davids, K., & Button, C. (2009). Representative task designs for the study of
perception and action in sport. International Journal of Sport Psychology, 40(4), 506524. www.ijsp-online.com
Dicks, M., Davids, K., & Button, C. (2010). Individual differences in the visual control of
intercepting a penalty kick in association football. Human Movement Science, 29(3),
401-411. https://doi.org/10.1016/j.humov.2010.02.008
Ericsson, K. A., Krampe, R. T., & Tesch-Römer, C. (1993). The role of deliberate practice in
the acquisition of expert performance. Psychological Review, 100(3), 363-406.
https://doi.org/10.1037/0033-295X.100.3.363
Gibson, K. (2016). Mixed-methods research in sport and exercise: Integrating qualitative
research. In B. Smith & A. C. Sparkes (Eds.), Routledge handbook of qualitative
research in sport and exercise (pp. 382-396). Routledge.
Jackson, R. C., Barton, H., & Bishop, D. T. (2020). Knowledge is power? Outcome
probability information impairs detection of deceptive intent. Psychology of Sport and
Exercise, 50, Article 101744. https://doi.org/10.1016/j.psychsport.2020.101744
Loffing, F., Sölter, F., Hagemann, N., & Strauss, B. (2016). On-court position and
handedness in visual anticipation of stroke direction in tennis. Psychology of Sport
and Exercise, 27, 195-204. https://doi.org/10.1016/j.psychsport.2016.08.014
Mann, D. L., Abernethy, B., & Farrow, D. (2010). Action specificity increases anticipatory
performance and the expert advantage in natural interceptive tasks. Acta
Psychologica, 135, 17-23. https://doi.org/10.1016/j.actpsy.2010.04.006

217
Morris-Binelli, K., & Müller, S. (2017). Advancements to the understanding of expert visual
anticipation skill in striking sports. Canadian Journal of Behavioural Science/Revue
Canadienne des Sciences du Comportement, 49(4), 262-268.
https://doi.org/10.1037/cbs0000079
Morris-Binelli, K., van Rens, F. E. C. A., Müller, S., & Rosalie, S. M. (2020). Psychoperceptual-motor skills are deemed critical to save the penalty corner in international
field hockey. Psychology of Sport and Exercise, 51, Article 101753.
https://doi.org/10.1016/j.psychsport.2020.101753
Müller, S., & Abernethy, B. (2012). Expert anticipatory skill in striking sports: A review and
a model. Research Quarterly for Exercise and Sport, 83(2), 175-187.
https://doi.org/10.5641/027013612800745059
Müller, S., Abernethy, B., & Farrow, D. (2006). How do world-class cricket bastmen
anticipate a bowler's intention? The Quarterly Journal of Experimental Psychology
59(12), 2162-2186. https://doi.org/10.1080/02643290600576595
Müller, S., Brenton, J., Dempsey, A. R., Harbaugh, A. G., & Reid, C. (2015). Individual
differences in highly skilled visual perceptual-motor striking skill. Attention,
Perception, & Psychophysics, 77(5), 1726-1736. https://doi.org/10.3758/s13414-0150876-7
Müller, S., Brenton, J., & Rosalie, S. M. (2015). Methodological considerations for
investigating expert interceptive skill in in situ settings. Sport, Exercise, and
Performance Psychology, 4(4), 254-267. https://doi.org/10.1037/spy0000044
Müller, S., Gurisik, Y., Hecimovich, M., Harbaugh, A. G., & Vallence, A. M. (2017).
Individual differences in short-term anticipation training for high-speed interceptive
skill. Journal of Motor Learning and Development, 5, 160-176.
https://doi.org/10.1123/jmld.2016-0029

218
Müller, S., & Rosalie, S. M. (2019). Transfer of expert visual-perceptual-motor skill in sport.
In A. M. Williams & R. C. Jackson (Eds.), Anticipation and decision making in sport
(pp. 375-393). Routledge.
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
Nuzzo, R. (2014). Scientific method: Statistical errors. P values, the 'gold standard' of
statistical validity, are not as reliable as many scientists assume. Nature, 506, 150152. https://doi.org/10.1038/506150a
Pacheco, M. M., Lafe, C. W., & Newell, K. M. (2019). Search strategies in the perceptualmotor workspace and the acquisition of coordination, control, and skill. Frontiers in
Psychology, 10, Article 1874. https://doi.org/10.3389/fpsyg.2019.01874
Pacheco, M. M., & Newell, K. M. (2018a). Learning a specific, individual and generalizable
coordination function: Evaluating the variability of practice hypothesis in motor
learning. Experimental Brain Research, 236(12), 3307-3318.
https://doi.org/10.1007/s00221-018-5383-3
Pacheco, M. M., & Newell, K. M. (2018b). Transfer of a learned coordination function:
Specific, individual and generalizable. Human Movement Science, 59, 66-80.
https://doi.org/10.1016/j.humov.2018.03.019
Pinder, R. A., Davids, K., Renshaw, I., & Araújo, D. (2011). Manipulating informational
constraints shapes movement reorganization in interceptive actions. Attention,
Perception, & Psychophysics, 73(4), 1242-1254. https://doi.org/10.3758/s13414-0110102-1

219
Reade, I., Rodgers, W., & Spriggs, K. (2008). New ideas for high performance coaches: A
case study of knowledge transfer in sport science. International Journal of Sports
Science & Coaching, 3(3), 335-354. https://doi.org/10.1260/174795408786238533
Runswick, O. R., Roca, A., Williams, A. M., Bezodis, N. E., McRobert, A. P., & North, J. S.
(2018). The impact of contextual information and a secondary task on anticipation
performance: An interpretation using cognitive load theory. Applied Cognitive
Psychology, 32(2), 141-149. https://doi.org/10.1002/acp.3386
Runswick, O. R., Roca, A., Williams, A. M., McRobert, A. P., & North, J. S. (2018). The
temporal integration of information during anticipation. Psychology of Sport and
Exercise, 37, 100-108. https://doi.org/10.1016/j.psychsport.2018.05.001
Sainani, K. L., Lohse, K. R., Jones, P. R., & Vickers, A. (2019). Magnitude-based inference
is not Bayesian and is not a valid method of inference. Scandinavian Journal of
Medicine & Science in Sport, 29(9), 1428-1436. https://doi.org/10.1111/sms.13491
Scott, D., Scott, L. M., & Howe, B. L. (1998). Training anticipation for intermediate tennis
players. Behavior Modification, 22(3), 243-261.
https://doi.org/10.1177/01454455980223002
Smeeton, N. J., Williams, A. M., Hodges, N. J., & Ward, P. (2005). The relative effectiveness
of various instructional approaches in developing anticipation skill. Journal of
Experimental Psychology: Applied, 11(2), 98-110. https://doi.org/10.1037/1076898X.11.2.98
Weissensteiner, J., Abernethy, B., & Farrow, D. (2009). Towards the development of a
conceptual model of expertise in cricket batting: A grounded theory approach.
Journal of Applied Sport Psychology, 21(3), 276-292.
https://doi.org/10.1080/10413200903018675

220
Welsh, A. H., & Knight, E. J. (2015). "Magnitude-based inference": A statistical review.
Medicine and Science in Sports and Exercise, 47(4), 874-884.
https://doi.org/10.1249/MSS.0000000000000451
Williams, A. M., & Jackson, R. C. (2019). Anticipation in sport: Fifty years on, what have we
learned and what research still needs to be undertaken? Psychology of Sport and
Exercise, 42, 16-24. https://doi.org/10.1016/j.psychsport.2018.11.014
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/10.1037/1076898X.8.4.259

221
APPENDIX
Chapter 3: Interview Guide for Goalkeepers and Coaches
Introduction:
• Introduce study background and aims
• Introduce interviewer’s background
• Opportunity for interviewee to ask questions
• Consent to participate in study and audio record the interview
Interview questions:
• How did you get into field hockey goalkeeping/coaching?
• What is a regular training session for you/your goalkeepers like? Prompts: How are
they structured? What type of drills do you do? Are they at different locations or with
different coaches?
• What training drills do you/your goalkeepers do to specifically practice penalty
corners? Prompts: Can you explain each drill? What is the purpose of each drill? How
useful do you think this drill is? How many times per week do you/your goalkeepers
practice penalty corners?
• What kind of instructions do you get/give during these drills? Prompts: By whom?
What are you asked to (asking your goalkeepers to) focus on? What do you think of
these instructions? How useful are these instructions?
• Which training drills do you personally find/think your goalkeepers find the most
useful to prepare for penalty corners? Prompt: Why do you find this/these drills the
most useful?
• How well prepared do you feel (your goalkeepers are) for stopping penalty corners?
Prompts: From the training you’re/they’re given – physically/mentally?
• During training, how do you prepare (your goalkeepers) for penalty corner shots at
goal? Prompts: Do you have/guide them on any rituals? Any specific elements you try
to/get them to focus on?
• During competition, how do you prepare (your goalkeepers) for penalty corners?
Prompts: Anything differ to when training? Do you give your goalkeepers any
information on opponents they face?
• What do you/your goalkeepers pay attention to when the opponent takes a penalty
corner? Prompts: Contextual information (e.g., opposition player set-up), opponent
(e.g., drag-flicker) movement pattern, ball flight?
• Goalkeepers only: I would like you to recall a time in which you successfully stopped
a penalty corner drag-flick, can you walk me through exactly what happened and what
you did?
• What are, in your opinion, the most important qualities to have as a goalkeeper?
Prompt: Any specific psychological and/or motor execution qualities?
• What do you think a successful goalkeeper should do in a penalty corner? Prompt:
What are the crucial things to do to stop a penalty corner?
• What is the biggest mistake a goalkeeper can make during a penalty corner?
• Coaches only: In your opinion, is there a goalkeeper who is better than the others in
stopping penalty corners? Prompt: What is the difference between this goalkeeper and
the others?
• What kind of training do you think would help you/your goalkeepers become an even
better goalkeeper/s?
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•

Is there anything else you think I should know?

Closing:
• Thank you, brief reflection, opportunity for interviewee to ask questions
*Note: This list of questions served as a semi-structured guide only. While all questions were
addressed, the order of the questions and exact phrasing was dependent on the participant’s
response (see Gillham, 2005; Smith & Sparkes, 2016).

