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Abstract
A series of experiments are presented that combined together attempted to identify
essential information underpinning skilled recognition and anticipation in soccer.

First participants made anticipation decisions to film sequences before completing
an incidental recognition task to film and point-light display sequences. Eye
movement behaviours were recorded throughout. Skilled soccer players’ superior
recognition performance was maintained across film and point-light formats, and
displayed eye movement behaviours consistent with processing relational
information. Eye movement behaviours suggested the central attacking players
were important to skilled players’ decision-making. Eye movement behaviours
also suggested that different processes dictated recognition and anticipation. Next,
the same experimental design was used only retrospective verbal reports were
collected after anticipation and recognition .tasks instead of eye movement
behaviours. Skilled players superior recognition across display formats was
replicated. During decision-making skilled players engaged more complex

representations characterised by reference to more varied stimuli and action
statements, and more task-relevant evaluations. Evidence was again presented that

different processes govern recognition and anticipation. Central attacking players
again conveyed important information. A third experiment using a temporally
occluded recognition paradigm provided evidence that in soccer structufe emerges
as isolated incidents in the 3-seconds preceding an attacking event. A final
experiment compared recognition of static and dynamic displays. Evidence is

provided that skilled players perceive structure as relative motion information.

o

Together the findings imply that skilled players recognise scenarios as a function



of relational information. Specifically this is conveyed through relative motion

between features, and emerges in the final moments preceding an attacking event.

Finally, the central attacking players are the most important display features to

convey this information. Findings are discussed in relation to encoding specificity
principle, interactive encoding model, long term working memory, proactive

interference, and the expert performance approach. The findings have important

implications for sports coaches and other practitioners within the applied domain.



Chapter 1

Expertise: The Role of Perceptual-Cognitive Skill



A background to research into expertise

The majority of individuals aspire to achieve excellence, even expertise,
within their chosen field be it music, mathematics, surgery or sport. Whatever the

domain, the achievement of expertise is something to behold and marvel.

However, those who achieve expert status in the sporting field find themselves
under the spotlight and open to scrutiny given the mass global popularity of sport.
Spectators, coaches, competitors and team-mates, the media, and scientists are
united in their interest and appreciation of expert sport performance in action. The
popularity of The Olympic Games, FIFA World Cup, Super Bowl, Wimbledon,
and many other events only serve to emphasise the appeal of expert performance

In action (Janelle & Hillman, 1993).

Although sport has mass appeal globally, only a few select individuals

reach the elite level whilst the majority fall by the wayside. A key question
therefore is what sets expert performers apart from the crowd and enables ti;em to
achieve their level of performance? This question has stimulated much scientific
research and has important theoretical connotations. Research on expertise helps

1dentify the constructs that potentially predispose individuals to excellence, and

the processes that are engaged in during expert behaviours. Secondly, it also
contributes to the nature vs. nature debate that has long raged in psychological
literature regarding every imaginable human condition (e.g., depression, Kassem,
Lopez, Hadeker, Steele, Zandi, & McMahon, 2006; schizophrenia, Jablensky,
2006) by considering whether such factors are innate or developed through

practice. Expertise research has now become an established domain of study in the
sport and exercise sciences as well as in cognitive psychology as evidenced by the

growing body of literature (e.g., Arroyo-Figueroa, Hernandez, & Sucar, 2006;



Ericsson, 1996; Starkes & Ericsson, 2003; Williams & Ericsson, 2005; Williams

& Starkes, 2002). Another population who have a keen interest in identifying the

factors that predispose one to attaining expertise are sports practitioners working
in the applied domain. At the elite level there is immense pressure for teams to

attain and retain the services of the most talented individuals. Although some
sporting teams have the luxury of being able to outlay large sums of money to
achieve this aim, others do not have such financial support. In such scenarios the
pressure involved when attempting to identify and nurture talent is magnified and
therefore any objective measures uncovered through scientific practice that
Indicate a propensity to expertise have great potentialﬁ to supplement existing

*scouting procedures (Williams & Reilly, 2000).

In attempting to explain and account for expertise, theorists have
historically fallen into one of two contrasting schools of thought favouring either a
genetic, innate viewpoint (nature) or alternatively stressing the influence of
practice and experience (nurture). Initially, scientists believed that such behaviour
was determined solely through inherited genetic factors immune to training and
praf:tice (see Galton, 1869). Similarly, in the motor skills literature a general
motor ability hypothesis (Brace, 1927, McCloy, 1934) existed whereby a unitary
genetically defined ability was presumed to exist which predisposed an individual
o success In any motor Skill.‘HO\;VCVE:I', disappointingly for proponents of such
views, there is little empirical support for their claims (e.g., see Drowatzky &
Zuccato, 1967; Lotter, 1960). Similarly, it was proposed that chess experts’ and
music experts’ skills were determined by an inherited intellectual capacity,

although here again there is no evidence to support this view (Shuter-Dyson &

Gabriel, 1981). Finally, in a motor learning context, the overwhelming evidence



contradicts the notion of a genetic motor ability underpinning skill acquisition as

research reported very low correlations between participants’ performance across

simple motor tasks, even those that were seemingly similar (see Drowatsky &

Zuccato, 1967, Zelaznik, Spencer, & Doffin, 2000).

At the opposing end of the continuum is the proposal that expertise is not
governed by genetics, but is a consequence of extended pracﬁce within a specific
domain. In order to attain expert status some researchers have argued that 10 years
or 10,000 hours of deliberate practice is required (Ericsson, Krampe, & Tesch-
Romer, 1993). Exposure alone is not sufficient, but rather certain conditions must
be met to 'satisfy the term ‘deliberate practice’. Ericsson et al. (1993) outlined
three critical constraints, Early investment in practice should not be financially
rewarding for the performer, and may involve expenditure to acquire the

appropriate resources. Second, practice should be physically and mentally

demanding to the performer. Finally, practice is assumed to not be enjoyable. The
desire to improve motivates the performer to sustain their participation. If these
constraints are satisfied and combined with clearly defined activities that are set at
an appropriate level of difficulty, where there is opportunity for repetition, and
feedback and error detection/correction is provided then the optimal environment
1s provided to enable deliberate practice. The principle behind such a stance is that
. expertise is achievable by anyone provided they accumulate sufficient amounts of
deliberate practice. A less extreme ‘nurturist’ perspective highlights the vital and

necessary role of deliberate practice in attaining expertise, however also

acknowledges that certain hereditary factors such as ability or motivation may

limit the level of skill that is attainable. Such a view may be termed an
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‘interactionist’ perspective. Regardless, without years of deliberate practice the

attainment of expertise may not be achieved.

With the exception of some basic physical characteristics such as height,
almost all elements of the body as well as human behaviour are adaptive to

environmental demands (Ericsson, 2003). Ericsson and Lehmann (1996) cite
examples of perceptual, cognitive, and motor capacities that have been acquired
through practice (see, Gibson, 1969; Keele & Ivry, 1987; Schlaug, Jancke, Huang,
& Steinmetz, 1995). Given the evidence for these adaptations, and the excessive
practice engaged upon en-route to expertise, it is likely that expert performers will
demonstrate a unique set of characteristics that differentiate them from less-skilled
individuals. Certainly expertise is highly complex and in the study of expert sports
performers alone research has identified expertise on the basis of anthropometrical
(Borms, 1996), physiologic.al (Wilmox-'e & Costill, 1999), psychological (Abbott &

Collins, 2004), cognitive (Jackson & Farrow, 2005), and sociological (C6té, 1999)

factors amongst others.

Characteristics of success in soccer and other similar domains

Early researchers focusing on expertise in the sporting domain were

limited by the application of theoretical constructs and paradigms direct from
mainstream psychology, with little or no thought given to the unique constraints
defining expertise in the sporting environment (Abernethy, Thomas, & Thomas,
1993). It was assumed that paradigms that had been successfully applied to
studying expert performance in domains such as bridge and chess would be

equally appropriate for the study of expertise in mainstream sport. However, every

performance domain is likely to be governed by unique performance constraints

11



(see Vicente & Wang, 1998) and these must be acknowledged in developing
appropriate research methodologies. The expert sports performer must ‘make
complex, temporally constrained responses in a dynamic environﬁent, often
involving the interaction of numerous elements (Starkes, Helsen, & Jack, 2001;

Williams & Ericsson, 2005). Furthermore, success in the sporting domain is often
determined by the quality and execution of the movement response, which 1s not
the case in domains such as bridge and chess (Starkes et al., 2001). There 1s also
evidence that the specific. requirements and demands will vary between sports
(Cockerill, 1981; Hoare & Warr, 2000) and also within sports from one position to
another (Williams, Davids, & Williams, 1999).

Dynamic team ball sports are especially complex in nature with evidence
of multi-factorial contributory factors to expert performance (see Hugg, 1994;
Reilly, Williams, Nevill, & Franks, 2000; Williams & Franks, 1998). Researchers
have identified a number of anthropometric, physical, and physiological
characteristics such as somatotype (Pena Reyes, Cardenas-Barahona, & Malina,
1994) and anaerobic power (Jankovic, Matkovic, & Matkovic, 1997) that

contribute to skilled performance in team sports such as soccer and basketball.
Although these measures may reliably differentiate elite from less-skilled

performers, as an individual progresses through the ranks in their sporting domain

the peer population becomes increasingly homogenous with respect to these

measures. Thus, whilst such measures may be useful to discriminate skilled and
less-skilled populations, they may be less gensitive in differentiating within the
skilled population (Williams & Reilly, 2000). Within a skilled group it is proposed
that other factors, specifically perceptual-cognitive skills such as anticipation,

decision-making, recognition, and recall, are better determinants of those who will

l'l-.]_
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attain expertise in the domain (Williams & Reilly, 2000). Furthermore, Hoare and
Warr (2000) argue that in team sports, anthropometric and physiological factors
may be less important compared to psychological tactical factors that enable
players to demonstrate ‘game knowledge’. In support of these proposals Vaeyens,
Lenoir, Williams, Mazyn, and Phillipaerts- (in press) report that a skilled
population can be discriminated on decision-making skill using such perceptual
cognitive indices as eye movement data.

Given the temporally demanding ﬁature of sports competition a vital
characteristic of expert sports performance is the ability to anticipate the actions of
an opponent or opposing team (Abernethy, 1987). The batsman preparing to face a
fast bowler in cricket, the tennis player returning serve, and the soccer defender
attempting fo identify an opposing team’s developing attack provide examples of
the importance of anticipation skill in sport. In line with the ‘nature’ argument
advocated by Galton (1869) is the view that expert sports performers are blessed
with superior visual ‘hardwﬁre’ (e.g., Blundell, 1984, 1985; Sanderson, 1981). In
essence a superior visual system allows them to ‘see better’ and process more
information at a faster rate, consequently facilitating effective anticipation (for a
detailed review, see Williams et al,, 1999). Although intuitively appealing, the
available evidence does not support such a proposal. Using batteries of optometric
tests, researchers have been unable to distinguish between skilled and less-skilled

soccer players (see Helsen & Starkes, 1999; Ward & Williams, 2003; Ward,

Williams, & Loran, 2000). In addition, despite considerable evidence that basic
visual functions can be improved through specialised training programmes (e.g.,

eyerobics, Revien, 1987) there is no evidence to support the proposition that these
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improvements transfer to the sports field (West & Bressan, 1996; Wood &

Abernethy, 1997).

In the absence of evidence supporting the ‘hardware’ hypothesis, attention
shifted to whether the anticipation skill governing expert performance may be

influenced by perceptual-cognitive knowledge structures developed as a function
of experience (e.g., Anderson, 1987). As a function of a performer’s experience
within a domain they amass a greater task specific cognitive knowledge base that
governs their characteristic perceptual expertise (Williams & Grant, 1999). The
variable of active practice is critical to the process and supersedes any
developments that may occur as a function of mere observation (Williams &
Davids, 1995) or maturation (Abernethy, 1988). The acquired nature of expert
performance and anticipation is said to represent the ‘perceptual software’ of a

performer (Williams et al, 1999). The terms 'hardware' and 'software' were first

coined by Starkes (1979) in her paper investigating the nature of the cognitive
advantage in sport.

This body of research provides strong evidence in demonstrating that
expert performance i1s governed by acquired perceptual-cognitive skills (for
reviews, see Williams & Starkes, 2002; Williams & Ward, in press; Williams et
al., 1999). This superior cognitive knowledge enables expert sports’ performers to
extract the most meaningful information from a display, and store and index this
information effectively in memory. Once stored and indexed in memory thé
information can then be efficiently retrieved to facilitate performance in similar
scenarios (Williams & Davids, 1998). This expert knowledge manifests itself in a

variety of perceptual-cognitive tasks. For example, when compared with their less

expert counterparts, expert athletes demonstrate a broader knowledge of playing
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patterns as indicated by superior recall and recognition skill (e.g., Wilhams,

Hodges, North, & Barton, 2006); a superior ability to detect and utilise advance

visual cues within a display (Abernethy, 1987); an enhanced ability to locate
critical aspects such as the ball from background distracters (Allard & Starkes,

1980); adopt more efficient and effective visual search strategies (Williams,
Davids, Burwitz, & Williams, 1994); and assign and rank a variety of situational
probabilities (Ward & Williams, 2001). These distinguishing characteristics are
domain specific rather than éeneral (Abernethy, Neal, & Koning, 1994; Helsen &
Starkes, 1999). For example, Allard and Starkes (1992) reported an interaction
between sport played and sport to be recognised.with expert ice hockey and
basketball players demonstrating high response accuracy for stimuli that
represented their domain of expertise, whereas recognition performance was
significantly reduced when making recognition judgments to sequences showing
the other sport. This highlights further the role of domain specific deliberate

practice rather than any superior capacity enabling skilled performance across

domains.

Assessing expertise and challenges facing the researcher

A performer’s knowledge of patterns between features within thetr domain
of expertise has been shown to be a defining attribute of expert performance in a
variety of non-sporting domains .such as chess (e.g., Chase & Simon, 1973),
medical diagnosi; (e.g., ' Patel, Groen, & Arocha, 1990), and computer
programming (e.g., Barfield, 1986). In sport, a performer’s ‘game knowledge’ or

ability to ‘read the game’ is thought to symbolise their awareness of such patterns

15



and be equally significant in contributing to expertise in the domain (Abernethy,

Baker, & Cote, 2005).

The challenge facing researchers investigating expert performance 1s to
devise laboratory tasks that equally capture the demands of the environment

where the expert skills have been demonstrated in the first place (Ericsson &
Smith, 1991; Williams & Ericsson, 2005). For skills such as typing, juggling, and
weight lifting the conditions are easily replicated in a laboratory environment.
However, the investigator is faced with a far greater challenge when 1t comes to
devising an experimental laboratory task that will accurately capture the demands
placed upon the performer when anticipating future actions of opponents or
opposing teams. Such a task is critical to the scientific study of expertise, as

methods that only represent sporting competition in an abstract manner have

sometimes found no difference in performance across athletes of varying degrees

of skill (see, Tenenbaum & Bar-Eli, 1993; Ward & Williams, 2003).

The seminal work in the scientific study of experfise was conducted by de
Groot (1946/1978) who examined expert performers’ perception and prediction of
forthcoming chess moves whilst monitoring their thought processes. The expert
players accessed the best moves as predicted. Critically, however, the thought
processes indicated that these selections were accessed during the performer’s
initial perception rather than after an extensive search. Such a finding suggested
that performance was mediated by pattern-based retrieval from memory. In
subsequent research assessing performers’ cognitive knowledge and awareness of

such patterns two methodological paradigms have been popularly used, namely

the recall and recognition paradigms.

16



In the recall paradigm participants are presented with stimuli representing

sequences of play and are later asked to recall the positions of the features shown.

In the recognition paradigm participants are shown a number of sequences, some
which have been presented during an earlier viewing phase and some that are

novel. For each stimulus, participants are required to make a familiarity
judgement as to whether it was presented previously or not. The accuracy of
participants’ recall of positions or recognition of sequences is taken as a measure
of performance to indicate skill.

Chase and Simon (1973) demonstrated that when expert chess players
were presented with stimuli showing real game positions they were more accurate
in recalling these sequences compared to less-skilled players. Chase and Simon
(1973) also showed that this expert advantage disappeared when performers were

asked to recall stimuli that showed boards with chess pieces randomly organised.

The introduction of this ‘control condition’ was vital in demonstrating that expert
performance was not a consequence of any innate superior intellect or memory
ability, and confirmed that performance was a consequence of domain specific
memory and cognitive knowledge developed as a function of practice. Chess was

also the domain studied when the recognition paradigm was first applied to the

sfudy of expertise (Charness, 1976; Goldin, 1978, 1979). The findings replicated
those reported using the recall paradigm, namely that expert players recognition
accuracy was superior to less-skilled counterparts, and this advantage was
restricted to ‘structured’ sequences only. This expert knowledge is a direct
function of proloﬁged deliberate practice and a characteristic of expertise, not a

by-product of simple experience or exposure through merely watching a sport

(Allard, Deakin, Parker, & Rodgers, 1993; Williams & Davids, 1995). Helsen,
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Stakes and Hodges (1998) were the first to investigate the contribution of

deliberate practice to elite skill in the domain of soccer. Using a sample of

provincial, national, and international soccer players, Helsen et al. (1998) reported
that the amount of deliberate practice engaged in was a critical factor 1n

distinguishing between skill levels. The data also produced some interesting
results, suggesting that in soccer deliberate team practice may be more important
than deliberate practice alone, and also that the amount of deliberate practice
hours accumulated may be less than the 10,000 originally proposed (see Ericsson
et al, 1993). Although the work of Helsen et al. (1998) raised important
considerations regarding whether the principles outlined in deliberate practice
theory may be somewhat task dependent, it nevertheless did demonstrate the
important role of deliberate practice in achieving elite levels of performance.

Addressing the issue of experience, Williams and Davids (1995) examined recall

of soccer players matched for experience, but differentiated upon skill level and
the type of practice engaged in, and also a group of disabled supporters who had
extensive soccer viewing experience. The skilled group demonstrated superior
recall performance on ‘structured’ trials only suggesting that this knowledge is a
direct component of soccer skill and not a by-product occurring through repeated
exposure, The disabled group demonstrated the least accurate recall performance

suggesting that actively engaging in the sport is important to promote the retention

of domain specific knowledge.

Scientists interested in the study of expert sport performance subsequently

applied these recall and recognition paradigms to their specific domain of interest.
Allard, Graham, and Paarsalu (1980) tested skilled and less-skilled basketball

players using both recall and recognition paradigms. Structured slides represented

18



actual match scenes, whereas unstructured slides showed players warming up, or

during breaks in play. Allard et al. (1980) reported that skilled basketball players
were more accurate than less-skilled players at recalling and recognising
structured stimuli, with no differences on the unstructured slides. This pattern of

results was subsequently replicated across a variety of sporting domains including
American football (Garland & Barry, 1991), gymnastics (Imwold & Hoffman,
1983), figure skating (Deakin & Allard, 1991), and snooker (Abernethy, Neal, &
Koning, 1994). Based upon the available evidence it is believed that expert
performers encode the most meaningful information to a deeper more conceptual
level facilitating ease of subsequent retrieval thus accounting for their recognition
of attacking patterns (Ericsson & Kintsch, 1995; Ericsson, Patel, & Kintsch,
2000). From a practical perspective it is pr(;posed that expert anticipation 1s

underpinned by this recognition of previously encountered patterns and evaluation

of the likely outcome.

The use of these imported methodological paradigms was criticised for the
- failure of researchers to modify the research design in acknowledgement of the
unique characteristics of the sporting context (Starkes, Helsen, & Jack, 2001). Of
particular criticism was the use of static displays, which may be appropriate for
the study of activities such ’as chess and bridge, but given the dynamic nature of
sport it is plausible that motion may be a critical component of the recognition and
perception process (Dittrich, 1999; Dittrich & Lea, 1999; Johansson, 1973, 1975).
In support of this potentially limiting methodological factor, Borgeaud and
Abernethy (1987) reported that the expert advantage in relation to superior recall

performance only emerged when static displays were substituted for dynamic

stimuli in volleyball. This concern was also addressed by Williams and Davids
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(1995) who recorded response time as well as-accuracy to capture the temporally

constrained nature of most sporting competition, and also ensured the display

presented to participants accurately reflected the perspective they would typically
encounter in a competitive real-life environment. Such modifications reflect the

importance of the researcher to ensure that test conditions mirror the performance
environment as accurately as possible in order that the attributes characterising

expert performance are captured (Ericsson & Smith, 1991; Williams & Ericsson,

2005).

Despite the body of evidence supporting the use of these tools, and
methodological modifications made to ensure testing captures the features of the
performance environment, some researchers still contend that the recall and
recognition paradigms are not appropriate to study expert performance. Ericsson
and Lehmann (1996) argue that such tasks are not sufficiently representative of
the complex perceptual-cognitive processes performers engage in when making
actual anticipation decisions. Consequently, while recognition performance may
capture a related function, it is one that is not directly engaged during the
anticipation process. Therefore, Ericsson and Lehmann (1996) propose that

although research has demonstrated a relatively consistent skill advantage on such

tasks it is due to the tasks measuring a by-product of domain exposure rather than
actually capturing anticipation skill. Alternatively to support the proposal that
such paradigms accurately capture functions that are important constituents of

expertise, Williams and Davids (1995) constructed a measure of anticipation skill
and later measured participants’ recall and recognition performance. Both
measures were reported to be predictive of anticipation. Abernethy et al. (2005)

also comment that “it is now well established that superior recall and recognition
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of domain specific patterns is a defining attribute of the expert sports performer”

(p. 706).

Although recognition and recall are used as tests of expert memory and
both have been reported to be important components of anticipation, some

evidence suggests each skill demands different cognitive processes. A seemingly

robust interaction is observed between type of test and stimuli

frequency/familiarity. Participants have demonstrated superior memory recall for
high frequency words (see Ward, Woodward, Stinson, & Stevens, 2003), yet when
asked to recognise the- same class of stimuli the trend is reversed such that
superior performance is evidenced on low frequency words (see Guttentag &
Carroll, 1997). The findings are replicated in recall and recognition of pictures

also (see Karlson and Snodgrass, 2004). It is proposed that less familiar
information encoded and stored in memory has fewer associated retrieval cues,
such that when a cue is presented it appears more distinctive than other highly

familiar items that have many associated and thus interfering retrieval cues.

However, by their nature the high frequency stimuli are accessed more frequently,

thus enabling retrieval in the absence of any retrieval cues. Such an account is
consistent with the Search of Associative Memory Model (Gillund & Shiffrin,

1984). Thus it may be the case that recall and recognition operate as autonomous

skills each making separate contributions to expert performance.

Theories of expert performance

To account for their findings regarding expert chess performance, Chase

and Simon (1973) produced the first theory of expertise. Their ‘chunking theory,

modified from Miller’s (1956) chunking theory of memory, proposes that expert
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recognition performance is based upon the presence of many thousands of

‘chunks’ of information, each representing a domain specific pattern. This internal

library of ‘chunks’ was proposed to develop over many years of experience,
further stressing the acquired aspect of expert performance. This extensive

knowledge base enabled expert performers to encode presented stimuli as a
sequence of ‘chunks’ by grouping numerous individual features into meaningful
‘wholes’ and hence circumventing the innate processing limitations of short term
memory (7 +/- 2 items). In contrast, the less-skilled or novice performer 1s not
afforded such a luxury and as a result must rely on encoding only a number of
solitary pieces. This ‘chunking’ theory was also able to account for the observed
removal of a skill advantage under ‘unstructured’ conditions as neither expert or
novice performers have any stored ‘chunks’ of random scenes, therefore,
regardless of skill, the display is reduced to a series of discrete features.

An alternative theory of expert performance grounded on similar
foundations is the ‘template matching’ theory (Gobet & Simon, 1996). Consistent
with ‘chunking’ theory, in their ‘template matching’ theory Gobet and Simon
(1996) propose that expert performance is governed by an extensive library of
situations stored in memory. Rather than representing separate ‘chunks’ of
information, these cognitive stores were proposed to be templates corresponding
to whole patterns or scenes. According to the theory, once stimuli are presented
the appropriate template(s) is activated and brought under short term memory
control. A simple matching process is then undertaken between the current
stimulus/situation and the stored template. If a match is made between the present

and stored information, the stored template will have an associated response that

Is appropriate for the situation. Once the template has been activated the
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performer makes the appropriate response automatically without evaluation or

consideration of alternatives. An added feature of the ‘template matching’ theory
is the notion of certain ‘core features’ which are critical to describing a particular
template. However, around these features are ‘empty slots’ where features can be

introduced or removed. Such a flexible approach highlights the ability of expert

performers to adapt to new environments that maintain similar structural

foundations.

The reliance of ‘chunking’ theory on the short term memory systeém
proved to be a significant limiting factor in its durability. For example, there was
evidence that engagement in a concurrent secondary task that was supposed to
disrupt encoding of information in short term memory had no effect on expert
performance (e.g., Charness, 1976). Although ‘template matching’ theory
extended upon ‘chunking’ theory and attempted to account for the ability of
skilled players to adapt and respond appropriately in novel environments, it too
was flawed by its reliance on short term memory to encode information. To
overcome such a limitation, Ericsson and Kintsch (1995) developed long term
working memory theory, which emphasises the role of long term memory o
encode, store, index and interpret information. Features, or relationships between
features within the stimulus/situation, act as retrieval cues to complex structures
stored in long term memory. Thus, expert performers enhance the amount of
information they hold in working memory by using relatively small retrieval cues
to activate rich, complex retrieval structures in long term memory. According to
long term working memory theory the retrieval structures that underpin expert

behaviour are developed through practice within the domain. Therefore, a novice
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performer will not have access to the same quality of information as an expert

performer from a given retrieval cue.

In long term working memory theory the performer is a cognitively active
part of the performance process. Long term working memory 1s seen to serve two

important functions in this respect (Ericsson & Kintsch, 1995). First it enables
performers to evaluate an observed context against the retrieval structure, and
make evaluation decisions regarding both the current situation and planned future
actions thereby providing memory support for performance. Performers can also
dynamically construct new retrieval structures through relation to those already
stored and predict potential future events, thereby anticipating and preparing for
future retrieval demands. This function allows highly skilled performers to
prepare and consider future response options before such perceptual information
emerges (Harns, Tashman, Ward, Ericsson, Eccles, Willia'ms, Ramrattan, & Lang,
2006). Critically, long term working memory theory holds that the performer 1s
actively engaged in continuous thought during the performance process as they
anticipate future events, evaluate potential options, and develop alternative
strategies depending on future courses of action. This framework is 1n contrast to
simple recognition type accounts (‘chunking’, template matching’) of expertise
where the performer is seen as an almost passive bystander to the matching
process (Harris et al., 2006). Such recognition accounts also restrict the performer
~ to respond only on the basis of information available at the present time with no
consideration and evaluation of competing or potential future events. The
fundamental basis of such recognition accounts is that only information* that 1s

currently available can be matched to stored ‘templates’ or ‘chunks’ therefore

prohibiting consideration of future events. Further still the stored information has
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a prescribed response associated with it that will be triggered with little or no

conscious consideration by the performer once the stored template is activated
meaning the performer is unable to consider alternative actions too (Ericsson &
Delaney, 1999; Harris et al., 2006). In most sporting competition such processes -

are likely to be critical to effective performance (Harris et al., 2006). For example,
expert snooker players have been shown to engage in deeper planning when

evaluating a configuration of snooker balls by considering potential shots several

steps 1n advance (Abernethy et al., 1994).

Identifying the features underpinning expert performance

It is broadly accepted that expert performance is underpinned by the elite
performer’s ability to identify the most informative display features at the
appropriate time, whilst simultaneously disregarding non-relevant and distracting
information sources. Important differences have been highlighted in the ;fisual
search strategy of skilled and less-skilled performers’. Skilled players’ visual
search tends to be highlighted by fewer fixations of shorter duration as they fixate
and extract information only from the most critical display features in scenarios
comprising a restricted number of players (e.g., Helsen & Pauwels, 1993).
However thé characteristics of skilled visual search also alter depending upon
situational constraints as skilled soccer players’ demonstrated more fixations of
shorter duration when viewing 11-a-side displays (W{lliams et al.,, 1994). Clearly
the search strategy 1S govérned by task constraints. For scenes containing less

information, skilled performers are able to locate their point of gaze at a central
feature and utilise peripheral vision to extract information surrounding this point,

such that the location for information extraction can be shifted without the
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corresponding change in fixation location. Thus in displays containing fewer

information sources, a skilled performers visual search strategy tends to be
characterised by fewer fixations of longer duration. Alternatively, where displays
contain numerous diverse features, each potentially rich in information, skilled

performers tend to frequently shift fixation location in order to foveate on the
appropriate locations, extracting the appropriate information from each source.
Therefore in displays containing an array of discrete display features, a skilled
performers visual search strategy is characterised by more fixations of shorter
duration. Consequently, the greater the complexity of the display the higher the
correspondence between point of fixation and in-forrnation extraction, It 1S
suggested that the experts’ extensive task specific knowledge base directs this
search strategy (Williams & Davids, 1998). The similar acceptance that these
defining perceptual-cognitive features are fashioned as a result of experience as
opposed to any innate genetic bias led researchers to question whether such skills
~could be improved through appropriate training and instruction, and in effect
‘shortcut’ the years of practice engaged in by experts to initially attain these skills

(Abernethy, 1993; Williams & Grant, 1999).

Whilst the theories reviewed previously provide important information and
help develop our theoretical understanding of expertise, its nature and
development, they were developed as broad all encompassing theories intended to

account for expertise in general, irrespective of the domain. These theoretical

accounts were unable to inform the, sports practitioner or sports scientist as to the
specific display features that expert sport performers were utilising to facilitate

their expert behaviours. Similarly, until recently a critique levelled at much

research into expert anticipation was that it was overly concerned, with focusing
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primarily on outcome based measures of performance, such as recognition, recall,

and anticipation without seriously addressing the processes that accounted for

such outcomes.

In the last 10 to 20 years, there has been a notable shift in research

attempting to fill this void. Significant strides have been made in addressing the
cues assisting expert performance in relatively closed skills and small-sided
scenarios. The early work in this area was conducted by Jones and Miles (1978)
who employed the temporal occlusion technique by selectively editing test footage
at different points in time and asked participants to anticipate shot direction using
differing amounts of advance information. Their results indicated that the skilled
tennis players made use of advance information cues to make anticipation
decisions. Abernethy and colleagues (see Abernethy & Russell, 1984; Abernethy

& Russell, 1987) coined the term ‘advance cue utilisation’ to describe experts’

ability to identify critical features early in the evolution of an event or action. An
alternative occlusion technique, spatial occlusion, involves editing test footage so
that certain display features are occluded throughout and measuring anticipation to
examine the effect of removing particular cues on performance. Using such a
technique Williams and Davids (1998) repoﬁed that skilled players extracted
information from the positions and movements of players not in possession for
anticipation of 3 vs. 3 sequences. By combining temporal aqd spatial occlusion
techniques, Abernethy and Russell (1987) provided evidence that expert
badminton players’ superior anticipation of shuttlecock landing position was due
to their ability to extract meaningful information from the opponent’s racket and

racket arm at earlier points in the action sequence. Such investigations acted to

stimulate the community of sports scientists and soon research was being
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conducted to determine the critical cues underpinning expert anticipation across
numerous sports. The temporal occlusion paradigm has been used to highlight
experts’ use of advance information in hockey goalkeeping (Salmela & Fiorito,

1979); cricket (Abernethy & Russell, 1984) and tennis (Tenenbaum, Levy-Kolker,

Sade, Liebermann, & Lidor, 1996).

Eye movement registration systems have also been employed to identify
where experts fixate when making their anticipation judgments. In soccer penalty
kicks, Savelsbergh, Van der Kamp, Williams, and Ward (2002) report that expert
goalkeepers make use of information from both the kicking and non-kicking legs
to enable successful saves. Similarly, in the same task, Tyldesley, Bootsma, and
Bomhoff (1982) found that expert goalkeepers appeared to gather a lot of
information from the penalty taker’s hip region. The technique of recording eye
movements has also been used in a variety of sports such as tennis (Goulet, Bard,
& Fleury, 1989; Williams, Singer, & Weigelt, 1998) and karate (Williams &
Elliott, 1999). In extremely fast paced sports (e.g., cricket, volleyball, tennis)
skilled performers’ are able to quickly locate the object to be acted upon (Allard &
Starkes, 1980) and anticipate its likely destination (Ripoll, 1991). Where task

constraints dictate the performer must perceive body motion to be successtul,

skilled performers’ adopt a strategy whereby vision is fixated around a central
‘anchor’ point with peripheral vision employed to extract motion information
(e.g., Williams & Elliott, 1999). Although the results of these studies have been
pretty consistent in identifying the expert’s superiority, in team sports researchers
have typically focused on relatively closed skills (e.g., penalty kicks, see

Savelsbergh, Williams, Van der Kamp, & Ward, 2002; Williams & Burwitz,

1993) or simple one-on-one, or other small-sided (e.g., 3 vs. 3) situations (e.g., see
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Helsen & Pauwels, 1993; Williams & Davids, 1998). Meanwhile, there has been
no real progression in understanding the perceptual cues or processing

mechanisms controlling expert performance in whole sided open-play

environments, and how experts recognise patterns of play.

Aims of the Thesis

General aims and objectives

The overriding aim of the present thesis was to identify the critical
information underpinning skilled recognition, and potentially anticipation
performance in full-sided open play soccer environments. A series of experiments,
each addressing specific issues, were employed in an attempt to satisfy this goal.
The broad processing mechanisms by. which participants’ process displays was

investigated to understand the extent to which skilled performance is based upon

the 1dentification of higher-order relational information, or alternatively low-level
discrete surface features present within the display. Continuing on from this an
aim was to identify if certain display features (i.e., players) were more important
than others in allowing performers’ to make appropriate responses and interpret
the display in a meaningful manner. The thesis also aimed to determine whether

the signature characteristics of a soccer environment influenced when structure
emerged in developing attacking sequences. A final aim sought to identify
whether skilled players’ perceptual judgments were dependent upon identifying .
the relationships between players’ positions at a given time, or alternatively relied

upon the relationships between players’ movements over time. Each of these aims

1s now discussed in turn in greater detail.
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Is the display perceived as a function of relationships between features?

The main aim in this thesis is to identify how skilled soccer players
process dynamic 11 vs. 11 soccer scenarios when making recognition judgments.
The ability to interpret relative motion has been proposed to be fundamental to

perception of motion (Dittrich, 1999). Johansson (1973, 1976) first demonstrated
that people were still able to perceive and recognise simple human movement
patterns when represented as a series of points of light placed at key anatomical
locations and termed point light displays. Dittrich and Lea (1994) also
demonstrated the importance of relative motion to basic perception of abstract
scenes. Considerable evidence has now been presented showing humans’ ability
to perceive movement patterns via relative motion using point light display
presentations (see Bertenthal, Proffitt, Spetner, & Thomas, 1985; Runeson &
Frykholm, 1983). Evidence has been presented which would suggest that
anticipation skill in racquet sports is also dependent on the ability to pick up
iInformation from joint mechanics (see Abernethy & Parker, 1989; Shim &
Carlton, 1999; Ward, Williams, & Bennett, 2002) as expert tennis players point-
of-gaze alternates between predictive anatomical locations. By comparing
anticipation‘of tennis shots in film and point-light display conditions, Ward et al.
(2002) commented that relative kinematic motion might provide the minimal
essential information necessary for skilled performance. Specifically i1t was early
relative motions from central body regions (e.g., trunk and hips) that were
proposed to allow the experts’ advantage. Meanwhile the less-skilled players’
focused primarily on isolated distal cues e.g., the racket. It appears that expert

performers pick up on intra individual relative motion to inform their anticipation

decisions. However, the possibility that elite players in team sports are able to
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extract inter-individual relative motion to assist their recognition of patterns of
play has received little attention. Although an extensive body of literature exists

reporting skilled soccer players’ superior recognition of soccer scenarios, few

researchers have examined whether recognition is a result of perceiving

relationships between players or based upon the identification of individual

1solated features.

Williams et al. (2006) made an initial attempt to address this issue. Using a
counterbalanced desién, in one experiment participants viewed a series of
sequences in film format, and later made recognition decisions to previously seen
or novel sequences presented in film format also. In a second experiment,
participants viewed a series of sequences presented in point-light display format,
and later made recognition decisions to novel or previously seen point-light
display sequences. Although a small decrement in recognition performance was

observed when viewing patterns of play presented in point-light rather than film

format, skilled performers demonstrated superior recognition performance
compared with their less-skilled counterparts. However, by using only one mode
of presentation across viewing and recognition it meant that it was possible that
even under point-light diéplay conditions participants may still have been
recognising isolated features as opposed to relationships. In Chapter 2, using a
stricter methodological design by first presenting sequences in film format only
and then testing recognition on both film and point-light display sequences, the
1ssue of whether participants process scenes as a function of relationships between

features or identify isolated features is examined. It is proposed that for skilled

soccer players the linkages between features (players) and their relations in space
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and time would characterise the display and thus recognition would be a function

of relationships between display features.

Are certain features more important than others when recognising playing

sequences?

Just as certain features have been shown to be critical to anticipation of
filmed displays, aﬁd the relationships between key anatomical sites may pqrtray
the essential kinematic information, it is possible that the relationships between
specific features (players) within a dynamic soccer display are more important
than others when recognising patterns of play. The issue of whether certain
features are critical in the recognition of dynamic, interactive soccer displays 1s
investigated in Chapters 2 and 3. Using an eye movement registration system,
participants’ eye movement behaviours were recorded when anticipating and
recognising dynamic soccer displays to identify the specific display features that
are attended to when making these judgements. However, there are potential
limitations in collecting eye movement data in isolation. Fixation location is not
directly linked to information extraction (Abernethy, 1988). Secondly, it is
possible to shift focus of attention without altering fixation location by using
peripheral vision (Williams & Davids, 1997). Given these potential limitations it
was necessary to supplement the eye movement data with detailed retrospective
verbal reﬁorts. These were collected from participants after anticipation and
recognition for the purpose of identit;ying the specific cognitions and thought
processes participants engaged in during the processes of anticipation and

recognition. It is proposed that the relationships between the central attacking

players would be particularly important to skilled decision-making and perception.
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Does ‘structure’ develop incrementally over time, or emerge as discrete, isolated
incidents?

The aim in Chapter 4 was to identify the critical time period for
information extraction when attempting to recognise sequences of play in dynamic
team sports such as soccer. When analysing recognition in team slz;orts researchers
ha;/e typically used presentation times ranging from 5 to 15 seconds (see, Pimlott,
2001; Smeeton, Ward, & Williams, 2004; Williams & Davids, 1995), yet 1t 1s
unclear if there is any rationale for these presentation times. An attempt was made
to identify the temporal period at which structure emerges in dynamic, interactive

sports such as soccer and to provide a clear rationale for a particular stimulus

exposure time for forthcoming research. In domains that are less rapidly paced
(e.g., baseball, chess, American football), and contain more explicit rules of
‘structure’ it is probable that the longer duration of stimulus exposure allows the

performer to encode and perceive more structure. For example, Paull and
*Glencross (1997) found that in baseball the more contextual information
participants’ were provided with, the more accurate their anticipation decisions
became. However, soccer does not conform to such rigid rules and is characterised
by being highly complex, continually changing, and of varying temporal speed, as
well as the interaction of numerous features (Bloomfield, Jonsson, Polman,

Houghlan, & O’Donoghue, 2005). It was predicted that given its specific

characteristics, structure in soccer would likely emerge in short discrete moments

preceding an important attacking event.

Are relationships determined by perception of motions or positions?
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In Chapter 5 an attempt was made to determine if relational information

within displays emerges as a function of motion relationships between features, or
through relationships between features at a given point in time. If, as predicted,

skilled performers perceive and process displays as relational information between

features, it remains debateable whether the relationships are due to the movements
of features or simple positional relationships. To examine this issue skilled and
less-skilled players’ recognition of attacking sequences presented as dynamic and
static sequences was tested. It was predicted based on Dittrich’s (1999) interactive
encoding model that skilled players’ perception of relational information would be

based specifically on the perception of relative motion information between

features.
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Chapter 2

Perceiving Patterns in Dynamic Action Sequences: Investigating the

Processes Underpinning Stimulus Recognition and Anticipation Skill
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Abstract

We examined skill-based differences in information processing as participants
attempted to anticipate and recognize dynamic displays. Skilled and less-skilled

players viewed soccer film sequences and anticipated final pass destination. New
and previously viewed action sequences were then presented in film or point-light
display format. Players attempted to recognize previously viewed sequences.
Skilled players demonstrated superior anticipation skill and were more sensitive
In discriminating between previously viewed and novel clips than less-skilled
counterparts, regardless of presentation format. Skilled performers fixated more
locations than less-skilled players, quickly locating the ball and other critical
features. There were no significant correlations between performance on the

anticipation and recognition tests, and visual behaviors differed markedly

between the two tasks. Skilled players process scenarios as a series of
relationships between display features which in turn convey higher-order
strategic information. The need to maintain specificity between encoding and

retrieval contexts in task instruction and mode of presentation is highlighted for

optimal task performance.

Key Words: encoding, retrieval, memory, perception, point-light displays, visual

search
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The ability to perceive critical information in complex, frequently

changing environments is essential for successful performance in many fields of
human activity (Williams, Ward, & Smeeton, 2004). This ability is highlighted
when performers are required to operate under strict temporal constraints, and 1s

routinely observed in everyday tasks such as driving a car or riding a bike, as well
as in elite-level spoﬁ. In such situations, performers have to selectively attend
only to the most relevant sources of information while ignoring irrelevant or non-
regulatory cues. A potentially crucial skill is the ability to identify structure, or
meaningful patterns across display features. This skill has been illustrated when
attempting to recognize the familiar facial features or gait pattern of a friend from
normal or impaired displays (e.g., see Barclay, Cutting, & Kozlowski, 1998;
Peterson & Rhodes, 2003), and when attempting to detect threatening pieces in

board games such as chess (e.g. Charness, Reingold, Pomplun, & Strampe, 2001)

or meaningful patterns of play in a dynamic sport task such as soccer (e.g.,
Williams, North, Hodges, & Barton, 2006).

In this paper we use a stimulus-récognition paradigm to examine the
processing mechanisms used when anticipating outcomes in dynamic scenarios,
as well as their subsequent recognition. Also, we examine encoding specificity
1ssues related to task instruction and mode of presentation. The sport of soccer
provides an appropriate vehicle to investigate these issues given its dynamic
nature and the complex interaction between the ball and offensive/defensive
players. When making recognition-based judgments, a number of alternative
strategies exist; performers could either recognize stimuli based on isolated
features that appear familiar or distinctive, or recognition may be based on the

relational information between various features. In order to determine the relative
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importance of these mechanisms, we manipulate the display to influence the

perceptual information available to performers. An eye movement registration
technique 1s employed to identify the specific visual features that individuals

focus their gaze upon when attempting to anticipate and make recognition-based

judgments.

In cognitive psychology, Goldin (1978, 1979) introduced the use of
recognition to study memory differences in novice and expert chess players.
Allard, Graham, and Paarsalu (1980) were the first to address this issue in the
domain of sport. Skilled and less-skilled basketball players were presented with
slides containing both structured (i.e., sequences taken directly from match play)
and unstructured (e.g., teams warming up before a match) situations. Half of the
slides had been presented during an earlier viewing phase, whereas the remaining
half had not. The accuracy with which participants recognized information that had
been presented previously was taken as a measure of performance. Skilled
basketball players were more accurate than their less-skilled counterparts in
recognizing structured slides only. It was argued that skilled players’ decisions
were based upon recognizing patterns, rather than isolated features, in view of their
advantage for structured displays only. The ability to recognize these patterns was
seen as an important component of skilled performance. Subsequently, researchers
have attempted to better simulate the demands of competition by using dynamic
film sequences rather than static slides and measuring both speed and accuracy of
response (e.g., see Willlams & Davids, 1995). Moreover, a skill advantage for
expert memory has also been reported on unstructured stimuli, suggesting that even

for stimuli judged to lack structure, experts can identify information that they can

36



use to facilitate encoding and retrieval (Garland & Barry, 1991; Gobet & Simon,

1996; Vicente & Wang, 1998).

The assumption is that skilled performers develop elaborate task-specific
retrieval structures that provide them with a significant advantage over less-skilled

players when attempting to represent the current situation and identify the likely
future outcomes (see Ericsson & Kintsch, 1995; Ericsson, Patel, & Kintsch,
2000). This advantage enables experts to anticipate the consequences of future
actions as a result of superior indexing and organization of information at
encoding. Skilled performers have been proposed to use their memory skills to
construct accurate likelihood ratios as to whether the observed pattern
corresponds to one previously viewed (Chappell & Humphreys, 1994). However,
ihe specific information that participants’ extract from the display when
formulating such likelihood ratios and making recognition-based judgments has
not been identified.

Williams et al. (2006) examined the extent to which these judgments are
based upon the identification of superficial, low-level surface features (e.g., shirt
color, body cues, or environmental or pitch conditions,) or the relational
similarity between these features (e.g., the positions or relative orientation of
players). Players were required to make recognition-based judgments when
sequences of play were presented either under film or point-light display
conditions respectively. In the latter condition, the location and movements of
players were presented as points of light against a black background, along with

the position of the ball within an outline of the field. Although a small decrement
In recognition performance was observed when viewing patterns of play

presented in point-light rather than film format, particularly on the unstructured
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sequences, skilled performers demonstrated superior recognition performance
compared with their less-skilled counterparts. Skilled performers detect similarity
based upon structural relations (e.g., positions of players or their relative
orientations) and the higher-order predicates they convey (e.g., the tactical

significance of these relations between players; see also Gentner & Markman,
1998).

In a second experiment, Williams et al. (2006) used a spatial occlusion
technique to determine whether the relational information between particular
players is more important than between others when making recognition-based
judgments. The removal of the two central attacking players from the offensive
team and their accompanying defensive markers had a detrimental effect on
performance, particularly in the skilled group. The positions and movements of

these central attacking players and the associated relational and higher-order

strategic information conveyed between these players and others within their
team provide participants with important information needed to make accurate
judgments.

In his interactive encoding model, Dittrich (1999) proposed that skilled
performers employ a top-down matching process using stored semantic

representations when making recognition-based decisions. Dittrich and Lea
(1994) showed that when making perceptual judgements using stimuli involving

Interactions between several elements, relational information is central to
percetving meaning within the display. Observers were required to detect
meaningful motion within a series of dynamic letters. Participants’ recognition

performance was significantly impaired when the ‘goal letter’ toward which the

‘target letter’ was moving was occluded, implying the use of relational
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information in perceiving and interpreting dynamic scenes. A two-stage process
was proposed to be involved combining low- and high-level cognitive processes.
First, participants extract motion information, and temporal relationships between
features, before matching this stimulus representation with an internal semantic

concept or template (cf. Diderjean & Marméche, 2005; Gobet & Simon, 1996).
Regardless of the mechanisms underpinning recognition-based judgments,
several researchers have argued that the ability to recognize patterns is essential
for appropriate decision making (Abernethy, Neal, & Koning, 1994; Garland &
Barry, 1991; Imwold & Hoffman, 1983; Williams & Davids, 1995; Williams et
al., 2006). The assumption is that skilled players are able to recognize an
evolving pattern of play early in its evolution, allowing them to successfully
anticipate the end result of that sequence. An alternative hypothesis is that
recognition skill is merely a by-product of exposure to the specific task domain
and, while it may provide a reasonable indicator-of the knowledge held by
performers, it is not directly related to, nor predictive of, anticipation skill.
During performance, individuals are required to anticipate future action
requirements rather than to identify a particular pattern of play and consequently,
the recognition paradigm may only capture a related function or skill (Ericsson &

Lehmann, 1996).

Although recognition performance has been shown to be predictive of
anticipation skill in soccer, the overall proportion of the variance across skill
groups accounted for by this variable was relatively small (Williams & Davids,
1995). Similar observations about the differences in memory for representative

performance have been noted within many other domains of expertise, such as

chess and medicine (see Ericsson et al., 2000). Individuals seem to change their
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cognitive processes to adapt to the demands of the memory task and thus alter the
normal processes mediating performance in a representative task that requires

action. Some caution should therefore be exercised when studying a task that
does not directly involve the execution of superior performance, such as the
explicit task of recalling or recognizing presented stimuli instead of the
generation of superior actions, such as chess moves or anticipating the actions of
soccer players.

According to the encoding specificity principle (Tulving & Thompson,
1973), a change in the nature of the task, or context, between encoding and
retrieval impairs memory performance. If different processes are engaged during

anticipation compared to those in recognition, performance will be detrimentally

affected compared to a situation where the task remains the same across viewing
and recognition phases. The demands of the task have been shown to influence

how participants direct their attention towards certain stimulus features (West &

Craik, 2001). Consequently, different processing strategies may underpin

anticipation and recognition. However, if anticipation and recognition involve the

same component processes and participants attend to, and extract information
from, similar target cues across both encoding and retrieval contexts, no
differences will be apparent and retrieval of past experiences may occur

automatically (Goldin, 1978; Guynn, McDaniel, & Einstein, 2001; Nowinski &

Dismukes, 2005).

In the current paper, the main aim was to examine the type of information
used when making recognition-based judgments. We predicted based on the

Interactive encoding model that skilled players when engaged in a representative

task would demonstrate superior recognition performance regardless of whether
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displays are presented in film or point-light display format during the recognition

phase. As part of their encoding of situations in the anticipation task, skilled
players will perceive impbrtant relational information between players and then
match the stimuli presented with the appropriate semantic concept(s) stored in

long-term memory. Although less-skilled performers may encode some relational
information from the display,- when compared to the skilled players they have
fewer and/or less elaborate representations in long-term memory to help them
interpret stimuli in a meaningful manner. As a consequence, the less-skilled
viewers are likely to perceive and encode less relevant information,
demonstrating inferior recognition performance for both types of stimuli. We
provided a stringent test of this  hypothesis by initially presenting participants
with action sequences in film forma’t during the anticipation pﬁase and then test
their incidental memory by presenting half of these clips in film format and half
as point-light displays during the recognition phase. In a previous experiment
clips had been presented in a passive manner either as in film or point-light
format only during the presentation and recognition phases respectively (see
* Williams et al., 2006).

An eye movement registration system is employed to examine participants’
point-of-gaze when attempting to anticipate and make recognition-based
judgments. There is already an extensive literature base fo suggest that skilled
participants employ more effective and efficient search behaviors compared with
less-skilled individuals on other perceptual-cognitive tasks (see Williams, Janelle,
& Davids, 2004). For example, when presented with dynamic, film sequences
similar to those presented in this experiment, skilled soccer players have been

reported to employ more fixations of shorter duration and to be less guilty of “ball
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watching’, preferring instead to focus on the positions and movements of players

(sée Helsen & Starkes, 1999; Williams, Davids, Williams, & Burwitz, 1994;
Williams & Davids, 1998). However, no researchers have recorded point-of-gaze

during performance on a recognition task. This procedure will help highlight the

processes that underpin anticipation and recognition, as well ag the effects of
encoding specificity on perceptual processes. We predicted that, when compared
to less-skilled players, the skilled performers would fixate more disparate areas of
the display .employing more fixations of shorter duration (see Williams et al,,
1994). The proposal is the skilled players’ more extensive experience with related
scenarios and their refined retrieval structures would allow them to interpret the
information presented in a meaningful manner. In light of the apparent advantage
gained 'by extracting infoﬁnation from players’ positions and movements, as

opposed to watching the ball, skilled performers were expected to fixate a wide

range of features in order to extract relevant relational information. In contrast,
because of their relative lack of ability to attribute meaning to relational
information it is unlikely that less-skilled players will search the display in an
equally exhaustive manner. Less-skilled participants are predicted to revert to a
less sophisticated strategy, preferring to focus on more discrete or superficial
elements. The less-skilled players’ recognition judgments are likely to be based

upon a simple matching template of isolated features, and not the perception and

recognition of relational information as predicted by Dittrich (1999).

We also predicted, based on previous research (i.e., Williams et al., 2006),
that skilled performers would focus more often than less-skilled players on central
attacking players when attempting to make recognition-based decisions. We

aimed to examine the relationship between accuracy of anticipation in a
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representative task and subsequent incidental memory for the same stimuli (film)
or degraded stimuli (PLD’s). We predict that skilled players will be more accurate
at anticipating future events than less-skilled players. Furthermore, we
hypothesized that skilled players achieve their superior anticipation througﬁ more

distinctive encoding in memory and consequently, they are expected to
demonstrate superior recognition for stimuli that maintain the structure of the
presented action sequences compared to less-skilled participants. We also predict
that presenting the stimuli in point-light format would impair recognition
performance due to the lack of stimulus similarity across encoding and retrieval,
although this degradation was not expected to eliminate the skilled advantage in
recognition performance since the relational information is preserved in both
contexts. We predict that this effect would be most pronounced for low-structure
clips given the relative reduction in relational information.

The current experiment also allowed us to assess if participants engage in
similar ﬁrocessing activities when anticipating future actions and making a
recognition-based decision. The underlying processing strategies (as reflected by
point-of-gaze) will not differ between a task involving the original anticipation of
the end result of a pattern of play and that involving observation of the ksame
sequence for subsequent recognition, if similar processing mechanisms are
employed for each task. Moreover, we predict a strong correlation between
anticipation accuracy and recognition performance. We tested this hypothesis by
comparing point-of-gaze during the anticipation phase and when viewing the same
sequence for the purpose of recognition. If there are no differences in visual

behavior we can assume that the mode of encoding during anticipation and

subsequent recognition do not differ, satisfying the encoding-specificity
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assumption. We predict that encoded features and structural patterns during

anticipation would be activated during the subsequent retrieval during the

recognition test.

In the present experiment participants were not cued to the location of the
ball before the onset of each clip. Since there is evidence that skilled performers
are better able to locate the presence of target features, such as the ball, within a

display (see Williams, et al., 2004), we predicfed that skilled participants would
employ fewer fixations than less-skilled players prior to their initial fixation on the

ball, whereas more fixations would be used after initial ball detection to allow the

important relational information to be encoded.

Method

Participants

A total of 11 skilled and 15 less-skilled male soccer players participated 1n
this experiment. Skilled playérs (M age = 20.6 years, SD = 3.1) were professional
playel:s at an English Premier League club or were currently playing at a semi-
professional level. They had been playing soccer for an average of 12.0 years (5D
= 2.9) and trained or played for an average of 11.3 hours (SD = 4.8) per week.
Less-skilled players (M age = 25.8 years, SD = 4.7) had not participated in the
sport above recreational level. They had played soccer for an average of 10.5
years (SD = 5.4), albeit relatively infrequently, and currently played for an
average of 1 hour (SD = 1.2) per week. Participants provided informed consent
and were free to withdraw at any stage. All participants reported normal or
corrected to normal levels of visual function. The research was carried out

according to the ethical guidelines of Liverpool John Moores University.
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Test Film

The test films included offensive sequences of play taken from a sample
of three Premier League Ac;demy matches; no matches involved clubs for whom
the participants were registered. Footage was captured behind the goal
(approximate distance '15 m) from an elevated position (approximéte height 10
m). This camera position allowed the complete playing field to be viewed and

ensured potentially important information was not lost from wide areas of the
field. The camera remained ip a static position throughout, with no pénning,
tilting, zooming or other ‘such functions. This ensured that sequences were
recognised solely on information within the display and not extrinsic information

such as that related to camera movement. All clips were 5 seconds in duration.
Three expert soccer coaches independently rated clips for the level of structure
present 1n each sequence using a Likert-type scale from 0 to 10 (0 being not at all
struétured, 10 being highly structured). Highly structured clips were sequences of
play that were very repi'esentative of tactics, maneuvers, and plans typically
executed at an elite level, whereas clips lower in structure reflected situations
were possession of the ball was in transition and play was relatively less
organized. Clips with a mean rating above 7 were classified as high in structure,
and clips with a mean rating less than 3 deemed low in structure. All other clips
were discarded. The inter-observer agreement was 84.2%. A frame from a typical
high structure image is shown in Figure 2.la. None of the clips would be

considered “unstructured” (i.e., random configurations such as when the ball was

out of play) as has been the case in previous research.
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Figure 2.1 A frame from a typical structured trial presented in a) video
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and b) point-light display format.

The anticipation and recognition phases of the test film cach contained 48
action sequences, 24 of which were rated as high in structure and 24 low in

structure. In the recognition phase, 24 action sequences had been presented



