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Abstract
Obj ectives When performing actions under severe time pressure, the ability to anticipate is
vital to performance. Skilled anticipation is underpinned by the use of both kinematic cues
and contextual information, yet there have been few published reports examining how, and
when, these two sources interact during anticipation.
Design This study employed a mixed experimental design. The between participants factor
was skill level (skilled vs less-skilled) and the repeated measures factor was occlusion point
(pre-run, mid-run, pre-release, post-release).
Method Altogether, 18 skilled and 18 less-skilled cricket batters anticipated deliveries from
bowlersin avideo-based simulation task where the footage was occluded at four-time points
relative to ball release. Participants rated the importance of different sources of information
when making their judgements at each occlusion point.
Results Skilled batters anticipated the deliveries significantly more accurately than the less-
skilled group at all occlusion points (p < 0.05). The skilled group judged the use of both
contextua information and visual information to be more important when anticipating
compared to the less-skilled group. Kinematic cues were only considered important to
anticipation in the final moments of the bowling sequence (i.e., immediately prior to ball
release), whereas contextual information was used throughout the action, albeit mostly by the
skilled group.
Conclusions Findings enhance our understanding of the processes underpinning anticipation

and present implications for the design of training programmes to improve anticipation.
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Thetemporal integration of information during anticipation

In domains that involve making decisions and executing actions under severe timarasngte ability
to accurately anticipate future events is vital for performance. Ingemey medicine (McRobert et al., 2013),
military combat (Williams, Ericsson, Ward, & Eccles, 2008) and sport (Loffirigagial-Bruland, 2017,
Williams, Ford, Eccles, & Ford, 2011), experts have been shown to be more effi@gtraating relevant
information from the environment and integrating this information with presegikhowledge to develop
probabilistic judgements regarding future events. Two broad categorderafiation have been identified as
being crucial during anticipation. First, skilled performers have been showrktopigsual sources of
information such as kinematic cues from the postural orientation of opponents befdiera(®dernethy &
Zawi, 2007). Second, skilled performers use contextual information, such as the scogaai¢h& build
probabilities and facilitate anticipation (Loffing & Cafal-Bruland, 2017). Inphiser, we use a novel approach
to investigate how, and when, visual and contextual sources of information inigractically in the time
period leading up to a key event.

To date, most researchers have focused on identiylagkinematic sources of information are used
during skilled anticipation am@henthese information sources are most informative (e.g., Abernethy & Zawi,
2007; Muller, Abernethy, & Farrow, 2006; Savelsbergh, Williams, Van der Kamp, & Ward, R00ams &
Davids, 1998). An extensive body of research exists that has identified how perfpickarg visual
information from an opponent’s actions, what part of the opponent’s body this is picked up fronheanthis/
information becomes available to the observer (see Mann, Williams, Ward, 8e,J26087). Savelsbergh et al.
(2002) showed that expert goalkeepers in soccer were better able to predigthpekdirection at earlier
occlusion points than less-skilled goalkeepers. Moreover, they recorded gaze bebahowr that experts
spent longer periods of time focusing on the kicking leg, non-kicking leg, and the balljlpdstias the
moment of foot-ball contact approached. Although the majority of researchers hghieteadentify the most
critical kinematic or postural cues that underpin anticipation, it is apparembtitaixtual information plays a

crucial role (Cafnal-Bruland & Mann, 2015; Loffing & Cafial-Bruland, 2017; Miller & Abtry, 2012; Roca
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& Williams, 2016).

The term context has been used to describe a large variety of information sounces/tha employed
by skilled performers to underpin anticipation. Runswick, Roca, Williams, Bezodisyaerth (2017)
differentiated betweesituation-specifiandnonsituation-specificontextual information. First, situation-
specific context refers to sources of information that are changeable gné tmieach event, such as the time
left in a game and the score line. In contrast, nonsituation-specific corfestteemore stable sources of
information such as past team performances or the action capabilities of an oeane@anal-Bruland,

Filius, & Oudejans, 2014; Loffing, Stern, & Hagemann, 2015). In this paper, we focus diosiageecific

context, which comprises several different sources of information. For exampldeigewf game score

(Farrow & Reid, 2012), the sequence in which information is displayed (McRobert, Wales, BeVilliams,

2011), information concerning opponent positioning (Loffing & Hagemann, 2014), and the position of opposing
players and teammates (Paull & Glencross, 1997) have all been shown to enhapagianti¥iet, there

remains a paucity of research investigating the role that context plagsicipation and how and when it may
interact with the emergence of visual information.

In their two-stage model, Muller and Abernethy (2012) propose that, when execuimgraeptive
action, performers are likely to use a combination of contextual and kinenfatimation to guide early
movements, such as foot position. Information from ball flight is then used to finetuogement response
(such as manipulating the bat face). However, the authors acknowledge the glaesigarch investigating
contextual sources of information and the lack of knowledge relatwbeain the process context is used and
how it interacts with the kinematic information available prior to balhtligCanal-Bruland and Mann (2015)
identified three key areas for future research in an effort to developrarciecture of the processes
underpinning skilled anticipation: (i) identifying sources of contextual infaomafii) investigating how these
sources are integrated; and (iii) developing a picture of how different Gtanoes shape the use of contextual

2



INTEGRATION OF INFORMATION IN ANTICIPATION

information. Murphy et al. (2016) addressed the call to highlight the importance aftaordeticipation by
using a novel approach in which tennis rallies were animated and, therefore, po&itration was removed
entirely from the display. Skilled performers made more accurategatian judgements compared to novices
despite the complete absence of postural cues, suggesting that the skilbgubpéstivere able to use
contextual information to inform their anticipation judgments. While Murphy. €2@16) provide evidence for
the importance of contextual information, researchers have seldom evaluatepdtianoe of contextual
information in conjunction with postural cues or identified the key time periods duriny e&ah source of
information may be used. Published research may be presenting a somewhatetecpitipire of the
perceptual and cognitive processes underpinning anticipation, and particdlanydfferent sources of
information are used and how they interact.

In one recent exception, Runswick et al. (2018) collected verbal reports inet anticipation task that
focused on the first stage of Muller and Abernethy’s (2012) model and manipulatgulemadtirces of
contextual information (e.g., game score, field placings, time of match). &bts®s reported more accurate
anticipation when context was present, while verbal reports suggested ltedtgkiformers used current and
previously available contextual sources of information in a more equitable nthandess-skilled performers.
These results suggest that the addition of context underpinned anticipation thpiftamers. However, in
the study by Runswick et al. (2018) all stimuli were occluded at the same timéijgoimtnmediately prior to
ball release), such that the issuavbienin the action different sources of information are used and how they
dynamically interact with one another as their relative importancesvavir time were not examined. We
address these limitations in the current paper by examining how multiplesofimmérmation (both visual and
contextual) contribute to anticipation across different time points.

Previously, researchers have identified that when anticipating, expgeots gecater use of higher-order
cognitive processes compared to their less-skilled counterparts; énediting more so on bottom-up

3
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processing (McRobert et al., 2011; Murphy et al., 2016). Runswick et al. (2018) extesdedrkby
identifying a link between higher-order statements and the use of contextualanhéor. Verbal reports were
categorised based on the higher-order planning, prediction, and evaluation sttantestimulus-driven
monitoring statements (cf., McRobert et al., 2011; Murphy et al., 2016; North, Wargdar&sVilliams,
2011). However, in a refinement to previous approaches, the verbal reports wgoessedan terms of the use
of contextual and visual information sources. It was reported that the proceSkingmatic cues was linked to
monitoring statements that were typically articulated by lessedkgerformers, while the high-order statements
used more by skilled performers were linked to the use of contextual informatioad $latformers were more
likely to make judgements through the use of contextual information providing them wittia edvantage in
the anticipation process. Less-skilled counterparts are more reliant on kerieamation meaning
judgements. The use of contextual information that is available early coulchieéolier anticipatory
judgement. However, it remains unclear exaathenin the process these information sources are used and how
they interact during anticipation.

In the current paper, we use a video-based cricket anticipation task to manhmutatestpoints at
which visual and contextual sources of information were presented. We build on the wodtoéty (1990),
who asked participants to rate the importance of different visual sources ofatirmuring anticipation, by
also including categories of contextual information available before tlendigins. We predicted, based on
previous research (e.g., Loffing & Hagemann, 2014; Muller & Abernethy, 2012; Metgly 2016), that
skilled players would anticipate more accurately than the less-skilleg govass occlusion conditions.
Furthermore, based on previous research involving verbal reports (McRobert et al., 6ddy &t al., 2016),
we predicted that skilled performers would rate contextual information asrnengguseful than less-skilled
performers. Moreover, we predicted that skilled performers would use visuahation from kinematic cues
that become available later in the process to update situational probabilégset/dbrmed using sources of

4
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context. In contrast, given previously published verbal report data which suggesillesisperformers do not
utilise contextual sources of information (McRobert et al., 2011; Murphy et al., 2016)eaveted that these
participants would rate contextual information sources as being less im@anass all occlusion conditions
and would solely rely on visual information that emerges in the later occlusionicnadiinally, we predicted
that, as more sources of information emerge (i.e., as the sequence evolves (vbatiamgicipation accuracy
will improve, with the highest accuracy being observed when early ball itifgrmation is present (Miller &

Abernethy, 2012).

Method

Participants

Altogether, 18 skilled cricket batsmen (M age = 24.9 + 7.7 years) who played at [dabtlavel in the
UK (M experience = 15.2 + 7.9 years) and 18 less-skilled participants (M age £ 2B.9ears) with no
experience of playing competitive cricket volunteered to participate. AaioBaof the skilled players had
experience at national representative level (minor county or above). Tiskiles$-group all resided in a
cricket-playing nation and therefore could have experienced some exposure to petitoancricket in a
physical education or street-sport context. As a result, this group wasdadelEss-killed rather than novice.
We conducted an a-priori power analysis using G*power (Faul, Erdfelder, &agchner, 2007). The
calculation was based on main effect sizes for anticipation accuragsofgyr and context from McRobert et al.
(2011) who used the same task and group classifications across two context conditianthififiector effect
size was lower than the between factor effect size was m§ed((.49). We set a moderate correlation (r = 0.3)
and power at 0.8. The total sample size required was n = 6. The research was condoobedance with the
ethical guidelines of the lead institution and written informed consent was abfeoneall participants at the

outset.
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Stimuli

We used the same stimuli as employed by McRobert, Williams, Ward, and E83.(Ten (M age =
19.5 + 2.5 years) county-level cricket bowlers (six fast; four spin) wereitegito create the video-based test
stimuli. A camera was positioned on the batting crease at a height of 1.7 m anduithlimeddle stump so that
it represented a typical viewing perspective while batting. The diff@mters were recorded delivering a full
over (six deliveries) as they would in a game situation, yielding 60 unigwerdes. One of these original
deliveries was selected from each bowler based on the ability to build &cealsgruent field setting and
game situation to match the ball location. A panel of three independent and quatiket araches viewed the
full non-occluded footage and agreed upon a game situation and field that would beytagipralpriate for the
location of each delivery, aiming to maintain congruence between visual and gahtefarmation and avoid
context becoming deceptive. The selected delivery from each bowler was dcaidder-time points to create
40 trials, ten unique deliveries repeated across four occlusion conditions. Thesealin@iyde-run
participants were only exposed to contextual information (the game situation drekftelg) and received no
kinematic information (the bowler was not shown); ifiid-run, the trial was occluded mid run-up, this point
was defined as the frame midway between the bowlers run-up initiation aneléxde, chosen in order to
investigate a time point directly between pre-run and pre-releaseyé¢hipleasethe trial was occluded
immediately prior to ball release to allow participants to see all reiéuaematic cues prior to ball flight
(Runswick et al., 2018); (iyost-releasgthe clip was occluded after 80ms of ball flight to investigate the use of
early ball flight information (McRobert et al., 2009; 2011). Participants were uadheat they were seeing
repeated deliveries and trials from a single bowler were shown in blockevofatlsequencing effects and to
be more realistic to a game (Broadbent et al., 2017; McRobert et al., 2011). The widehiocclusion
conditions were shown was counterbalanced to negate order effmcesiery trial, participants received
information on the game score, which included the number of overs bowled, runs scored, asdakeket
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prior to seeing the delivery (as looking at a scoreboard). Participardsni@med that the format was a one-
day international (50 over) match and all field settings were designed ifagroed bowled to right-handed
batters. The field settings were displayed on a schematic representatido peeing the bowler (see Runswick
et al., 2017; Figure 1).

Dependent Measures

Anticipation Accuracy. Participants marked the predicted location the ball would have passed the
stumps on diagrams scaled down to eight x smaller than game size to fiea?girgljleet. The radial error from
correct ball location was measured and scaled back up to quantify anticipatioacgat game scale (i.e., how
far the bat would have been from the ball; see McRobert et al., 2011).

Information Scor es. Participants rated the usefulness of five different sources of informatiormgdurin
anticipation on a Likert-scale from zero to ten, where zero indicated the atformwas not present or had no
use at all, and ten indicated the source of information was extremely useful duicigatioh. Sources were
not ranked, and multiple sources could receive the same score with a maximunidotetion score of 50
across all five information sources. This approach has been used previouslyterahe¢. Abernethy (1990)
asked participants to rate the importance of seven specific visual cue sthegdayer's head, racket, lower
body, trunk, playing side arm, other arm, and court position. In our approach, categoeesiapted to include
sources of contextual information and were linked to sources of information previoudifraden the
literature as contributing to anticipation and identified in a previous study wesibgl reports in a cricket
batting task (Runswick et al., 2018). The possible information sources includsalvigr’s body visual
information gained from cues from the bowler’s body or run up (Mdller et al., 20Q0&®eguencing
information gained from events of previous deliveries or actions (McRobert et al., @dl@jgme situation
information gained from the score or time left in the game (Farrow & Reid, 2012 gR@léncross, 1997); (iv)
field positioning information gained from the position of the opposition fielders (Loffing & Hagemann, 2014;

7
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Paull & Glencross, 1997); and (ball flight, visual information gained from the flight of the ball (Abernethy,
1990; Mduller et al., 2009). To compare the use of contextual information and visual informagaily dine
five sources were placed in categories of contextual and visual sourcesnidi@l information referred to
sources of information gained prior to the initiation of the delivery. Visual sowefarsad to novel visual
information emerging during the process of a delivery. The means were takeseguence, game situation
and field setting scores to create a context score, and from bowler’s body dhghtatores to create a visual
information score.

Procedure

Participants were initially instructed how to use response sheets for ddtcatbn predictions and
information source scores. For each trial, when the screen occluded, particgpanésked to mark the
predicted point the ball would have passed the stumps on a scaled diagram. Previeasthees(e.g.,
McRobert et al., 2011) have shown the importance of sequencing effects (seeipig meliveries from the
same bowler consecutively) for gaining information to aid anticipation. ®w &ir this information to be used,
multiple deliveries from the same bowler were shown consecutively as woutgéreaced in a game and
information score ratings were taken on the third and fourth trial from each bowleosuBterbalancing the
order in which clips were shown, five sets of information scores were avaatdadh occlusion condition per
participant, a total of 20 scores from the 40 trials.

Data Analysis

In order to ensure participants were using the contextual information mes$enbhem without relying
on consistent predictions (i.e., top of off stump), the coordinates of skilled responsesaoeded from three
of the ten pre-run trials in which the bowler was not shown. This procedure allowed us tty goamtirection
of change between predictions related to the presentation of context. Tratsffertent outcomes were
selected for this analysis: full length and close to off stump; good lengthidaedwiside off stump; and a short

8
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length delivery over leg stump. Pearson’s correlation coefficients wereaiaadlyse relationships between the
change in coordinates of the correct response (which context was desigraebitt) snd the change in skilled
predictions. To examine anticipation accuracy, a two-way mixed design AN@A%AIsed to analyse between-
participant effects (skilled and less-skilled groups) and occlusion condition \wdhticipant effects (pre-run,
mid-run, pre-release, and post-release occlusion conditions). To examine thetiofosoares, a separate
three-way mixed design ANOVA was used to analyse the effects of ghillpd and less-skilled), occlusion
condition (pre-run, mid-run, pre-release, and post-release), and source of informatilen’ $dmdy,

sequencing, game situation, field setting, ball flight). To further examinaftivenation scores, the sources of
information were grouped in to visual information and contextual information and a thyeaixed design
ANOVA was used to analyse the effects of group (skilled and less-skibeclusion condition (pre-run, mid-
run, pre-release, and post-release), and source of information (visual, cont&keialpha leveld) for

statistical significance was set at 0.05. A Bonferroni adjustment was yadpMhien multiple comparisons were
being made in order to lower the significance threshold and avoid Type | errdraydin & Sainani, 2014).
The corrected alpha level wps= .009 for occlusion condition post hoc comparisons and the corrected alpha
level wasp = .005 for information source post hoc comparisons. Corr@ctatlies are displayed for post hoc
analyses. Violations of sphericity were corrected for by adjusting threekegf freedom using the Greenhouse
Geisser correction when epsilon was less than 0.75 and the Huynh-Feldt@omdan greater than 0.75

(Girden, 1992). Partial eta squareygzx was used as a measure of effect size for all analyses.

Results
Context Check
The change in prediction locations that were displayed in pre-run trials whereooitdxt was presented
are shown in Figure 2. Changes in correct outcome coordinates and predicted outcomatesdodiboth

vertical (r =.99p = .04) and horizontal coordinates (r = .p%; .02) displayed significant correlations,
9
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confirming that the context presented was being used to influence responses.

Anticipation Accuracy

Main Effects. The anticipation accuracy scores for skilled and less-skilled groups acobgsion
conditions are presented in Figure 3. The two-way mixed design ANOVA showelelskilted groupMl ragiar
errort SD; 26.9 £ 4.1 cm) were more accurate at anticipating ball location than théilesss-group (37.8 £ 7.9
cm;F3 32,=26.84p< .Ol,;yp2= 44). There was a significant effect of occlusion condition on the anticipation
accuracy of both group&4{ 3»=10.14p < .Ol,npzz .23). There was no interaction between skill level and
occlusion conditionRs 32= 0.59,p = .59,;,°= .02).

Post Hoc Analysis. The skilled (pre-run 27.6 £ 4.7 cm, post-release 23.7 £ 4.2 cm) and less-skilled
groups (pre-run 38.4 + 8.7 cm, post-release 36.1 + 9.9 cm) anticipated more accurately inrtlegsas
condition than the pre-run conditiop € .006). The skilled (mid-run 26.0 + 4.2cm, pre-release 30.2 £ 6.7 cm)
and less-skilled (mid-run 36.6 + 7.6 cm, pre-release 40.1 + 9.9cm) groups anticipatedau@elyan the
mid-run condition than the pre-release conditjpr (001). Both skilled (pre-release 30.2 £ 6.7 cm, post-release
23.7 £ 4.2 cm) and less-skilled (pre-release 40.1 = 9.9 cm, post-release 36.1 + 9.9 cm) gropptednticre
accurately in the post-release condition than the pre-release conpitio@(1). There was no difference in
anticipation accuracy between the pre-run and mid-run, mid-run and post-r@edsi®e and the pre-run and
pre-release conditionp & .009).

I nformation Scores
Main Effects. The total information score reported in each occlusion condition by skilled and ks3-ski
groups are reported in Figure 4. The three-way mixed design ANOVA showed tieatvtisea significant effect
of group on the information scores reported, with the skilled group reporting informatiorsasaroeing more
useful to anticipation across all temporal occlusion conditibng4{= 23.59,p < .Ol,np2= .41).There was a
significant effect of occlusion condition on the information scores repdftegh € 109.29p < .Ol,;yp2= .76)

10
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and a significant difference between the scores given to the different atfonnsourcesH, 31 = 77.86,p < .01,
quz .70). There was a significant interaction between information sources and graup (L1.94p < .01,;7,32
= .26). Skilled participants reported higher use of game situation and fietdysettiross all occlusion
conditions, as well as higher use of ball-flight information in the post-releasition. In addition, there was a
significant occlusion condition x information source interactfon 3= 148.91p < .01,;7,,2: .81), showing
that the perceived importance of each information source was highly dependent ahuierocondition for
both groups. The information scores provided by skilled and less-skilled groups acrossugieroconditions
and categories are highlighted in Figure 5. A significant occlusion conditiooup grteractionKs 3, = 4.66,p
= .Ol,quz .12) and a significant three-way occlusion condition x information source x group tiotege;, 23
=3.241p= .Ol,;ypzz .09) showed that the contextual information sources of game situation, field settithgs
sequencing information were dominant in early occlusion conditions for both groups, balieélegsoup
reported higher scores. Visual information (bowler’s body and ball-flightybecaore important later on,
particularly in the post-release condition in which skilled performers repbété flight information of higher
importance than less-skilled players.

Post Hoc Analysis. Significant increases in the total information scores were reportetgrodtzlusion
conditions (i.e., participants reported they were able to extract more us=nihgful information to aid
anticipation as the sequence evolver$ € .005), apart from between mid-run and pre-release condipons (
.009). In total, across occlusion conditions all information sources were scored dwghall than ball flightg
<.001). The field setting was scored higher than the use of game situation antsbdmdg p < .001) but not
different to sequencingE .011). Sequencing was scored higher than bowler’s pdy{05) with no
difference between sequencing and game situgbien@07) or bowler's body and game situatipr=(1.00).

Contextual and Visual Information

Main Effects. The increase in importance of visual information across occlusion conditions is

11
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highlighted in Figure 6. In the post-release condition, the skilled performers agaiteceball flight
information to be of higher importance than less-skilled counterparts. The thyemixed ANOVA showed a
significant effect of information sourcelS;(34= 124.82p < .Ol,quz .79). There was a significant interaction
between information source and groép = 17.11p < .01,;7,,2: .34) with skilled participants reporting
higher use of contextual information sources throughout and visual information atlpaséithan the less-
skilled group, who showed a consistently lower score for contextual information. Alsoywé® a significant
interaction between occlusion condition and information soligeg= 322.77p < .01,;7,,2: .91), showing a
dominance of contextual information over visual information at pre-run and mid-run ocaosiditions with
visual information becoming dominant at pre-release. There was a signifccdmsion condition x group
interaction E3 32=6.87,p < .Ol,;ypzz .17) and a significant three-way occlusion condition x information source
x group interactionHs, 32= 6.286,p = .Ol,quz .16). These interactions showed that contextual information was
the dominant information source at early pre-run and mid-run conditions for both groups, butatigskip
reported higher scores for context across all occlusion conditions.

Post Hoc Analysis. Tests showed a significant difference in the reported contextual and visual
information scores in all occlusion conditions; information scores were not theaamgy two occlusion

conditions p's < .01).

Discussion
We examined the temporal integration of visual and contextual information durioipatidin. We
predicted that skilled performers would anticipate more accurately thaskiled performers (e.g., McRobert
et al., 2011; Murphy et al., 2016). We hypothesised that skilled performers would pritwtigse of contextual
information and update predictions when more up to date visual information becameleletia in the
action. Conversely, we predicted that less-skilled performers would be legs alkk contextual information

12
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and would rely on visual information (Murphy et al., 2016; Runswick et al., 2018). As more sources of
information appeared during the sequence, anticipation accuracy was predictprbte, with the highest
accuracy being predicted to be observed when early ball flight informatiwesent (cf., Mtller & Abernethy,
2012; Muller et al., 2009).

As predicted, the skilled group were more accurate in anticipating théassagkilled group across all
occlusion conditions. This finding supports a large body of literature showing thad giah®rmers are better
able to use available information to make accurate judgements about the outcoveassahehe near future
(see Loffing & Cafial-Bruland, 2017). However, there was no interaction betwdldaw@iand occlusion
condition. The absence of the predicted interaction between skill group and occlusion cendigests that the
anticipation performance of both groups changed in the same fashion as more visuatimfidoecame
available. While the temporal integration of information across time points did rext foiffskilled and less-
skilled performers, skilled performers rated all sources of informationirag lm@re useful. The use of
contextual information underpinned the skill level difference up until the ball Weesesl, whereas later
differences were underpinned by superior use of visual information frombediri§ight.

The skilled group showed superior ability to accurately anticipate the outcdihme aelivery in the pre-
run condition, in which no information from the bowler was present. This finding supportsédhgoadhat
sources of contextual information must a play a key role in anticipation. When yhiefonination that was
available was the position of the opposition fielders, the game situation, and informateshfgam preceding
events, skilled performers were able to anticipate significantly noateaely than less-skilled performers
(despite being presented with no information whatsoever from the bowler). Fisdp@st previous
suggestions that contextual information is used prior to ball-flight (Farrowid, R@12; Loffing & Hagemann,
2014; McRobert et al., 2011; Muller & Abernethy, 2012; Paull & Glencross, 1997). Skilledrperfowere
more accurate in their anticipation judgements and reported more use of coméottoeation sources

13
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compared to less-skilled performers, supporting previous published reports whicthahekilled performers
employ the use of contextual information (McRobert et al., 2011; Murphy et al., 2016; Ruesaig 2018).
While much of the literature investigating anticipation has focused on the use dkuiguaatic information,
we have built on this evidence base by showing that the use of contextual informateiviepaior to the
initiation of the event is a key feature of skilled anticipation. Furthermore, veestwn that this information
can be used earlier in the action before any visual cues from the opponent appesr@editus researchers
who have investigated anticipation using only visual information sources withouxcomag not have included
all relevant information in their experimental designs.

When early sources of visual information from the bowler became available inddnemtondition,
which showed the first half of the bowler’s run up, anticipation accuracy did not improveaengroup
compared to the pre-run condition. Both groups did, however, report some limited use of infofroatithe
bowler’s body in this period. This finding suggests that, despite participants re@omneguse of postural cues,
the visual kinematic information that was present at this early part of thensequas not pertinent to the
outcome of the delivery. It is possible that participants did consider using iti@nifram the bowler’s body to
predict the nature of the delivery (i.e., fast or spin), but this information is nientify powerful to inform
judgement of the delivery location. Previously, researchers using the srapdusion paradigm have focused
on identifying the time at which key sources of kinematic information emerge andypaadly reported that
early time points contain relatively little meaningful information (e.g., Saeegh et al., 2002). Our data
supports these conclusions, but in addition show that the presence of contextual iofocattheese early time
points contains valuable information that can be used to inform future anticipation grdgeand the visual
information that follows may confirm rather than improve these predictions.

Following the mid-run condition, anticipation accuracy was significantly worseei pre-release
occlusion condition that occurred after the run up and bowling action had been completsdoriéaicted,
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based on previous literature (Muller et al., 2009), that due to the presence of ppdsterdl cues in this
condition, anticipation accuracy in the skilled group would improve compared to pre-runcknghnabnditions
and to a greater extent than the novice group. However, contrary to theségredparticipants were less
accurate compared to mid-run and post-release conditions, suggesting visualtiofoavailable later in the
run up and during the bowling action had a negative effect on anticipation accuracy.et@bl¢2013)
displayed a similar decrease in the anticipation accuracy of tennisglastareen 120 ms prior to ball contact
and 60 ms after ball contact. This finding was explained by later anticipaoigiahs being caused by neutral
tactical situations, meaning predictions were based on kinematic rather tincal taformation. Our findings
support this conclusion by showing the use of visual information increased in théepse@ondition and was
accompanied by a drop in accuracy. While postural cues still offer informationticpation, this may not
lead to responses as accurate as those produced using contextual or eadktaafollmation.

When just 80ms of ball flight was displayed in the post-release occlusion conditiewtsea dramatic
improvement in anticipation accuracy compared to pre-release. Previoustychess have identified the
importance of using early ball flight information in cricket, especiallskilled performers (e.g., Abernethy,
1990; Muller & Abernethy, 2012). The skilled group scored the use of ball flight higher in the|saste
condition and showed a greater improvement in anticipation accuracy than thelledsystip. Skilled
performers in fast-ball sports are still able to intercept balls tharayected at high velocity from projection
machines, from which no postural cues are available at all (Pinder, Renshawid&,2809). Therefore, final
anticipatory judgements may need to occur post-ball release in earlygbéll This means, in fast ball sports,
the final jJudgement may not occur until after a response action has had to beljmiititehese movements
being initiated in such a way that they can be updated based on later predicti@m{se® & van Wieringen,
1990; Stone, Panchuk, Davids, North, & Maynard, 2014).

In this paper, we have extended the two-stage model proposed by Miuller and Abernethypy2012)
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showing that contextual information (available prior to visual information from an oppoaerd)ns important
to anticipation judgements consistently throughout a trial. The perceived use bfnfsuaation develops
through the trial as additional sources of information appear, until it finally scomre useful than contextual
information at ball release. We have built on findings reported by Runswick et al. (2018%&holips
occluded at ball release and showed, using verbal report data, that skilled perf@ported a balanced use of
information sources. The current study adds to these findings by shwivamgnformation is important and

that the use of context begins early in the anticipation process, while visualatitoris added later and gains
more importance nearer ball release.

We have produced novel findings by identifying the time at which different souragemhation are
used in anticipation and the effect this has on performance. We have addressed laeg@priattire by
investigating the integration of different information sources over time dantigpation. However, this study
was limited in its use of a simple pen and paper response and requirement for ptatioipaplicitly monitor
the information used. It is possible that skilled performers do not always have comscawasess of how they
make judgements and perform actions, so care should be taken when interpretingudgpicients. While it
is difficult to measure information use without encouraging explicit monitorioggsses, findings should be
replicated in tasks that integrate decisions and movement responses (Ditks, &lavids, 2010). Moreover,
information use could be affected by the time at which a final decision is madesatichéhpoint can be
variable depending on the situation (Triolet et al., 2013). In future, reseasbtioeitd further establish the
relative contribution of information sources and develop refined methods to measigsuthiat the point in
time at which final judgements are madsesitu. In this study, the information sources were designed to be
congruent with one another and lead to the same probabilities, yet this relationsiegnbieformation sources
may not always occur in performance environments (Cafal-Bruland & 8g2009; Gray, 2002). Further
research is needed to examine whether congruent or incongruent (visual and canfexmation leading to
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contrasting probabilities) relationships between information sourcesfeahaiticipation.

In summary, we report that skilled performers are better able to argitias¢d on contextual
information alone and that they make more use of contextual information throughoutchmaaoit process
when compared with less-skilled counterparts. Furthermore, we have reportest tedy to investigate the
time that contextual information is utilised in the anticipation process and whasdlwé this information may
be integrated with stimulus driven kinematic information. We report that contextoahation is present and
employed throughout the process with visual information being added later asdheaclves. Findings
suggest that, where relevant, it is important to present access to both codtesual information in future
research designs, as well as in practice designs, in order to moreagaem@esent the conditions that exist

during performance.
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Figures

Figure 1. Example schematic showing location of opposition players (dotted liesaeisthe 30 yard

circle used for the fielding restrictions in One-Day International neaich
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Figure 2. A scale set of cricket stumps with the top of middle representing (0, Qissdades showing
distance scaled up to game size (cm). Coordinates of skilled responses to thueenets (T8, T11 & T23)
that only showed context are represented with small circles, correct regptinadarge circle, and the mean

response of skilled participants with a large diamond.
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Figure 3. Mean anticipation accuracy for skilled and less-skilled groupsdheour occlusion conditions (+

1 SE).
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Figure 4. Mean total information scores for skilled and less-skilled groups doeofour occlusion conditions

(+ 1 SE).
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Skilled performers anticipate more accurately based on context alone.

Skilled performers make more use of context to anticipate than less-skilled.

Contextua information is used throughout the anticipation process.

Kinematic information isintegrated later in the anticipation process.

L earning environments should include contextual and kinematic information sources.



