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Abstract

Objectives. Three main goals were addressed in this research. First, we tested the claims of two cognitive
mechanisms that have been proposed to explain expert performance. This was done during assessment and
intervention phases of decision making. Second, we tested the validity of an online test of perceptual-cognitive skill
in soccer: The Online Assessment of Strategic Skill In Soccer (OASSIS). Third, we compared the OASSI Sto other
predictors of skill in soccer. Design. Over the course of athree-part experiment, participants completed an updated
version of the option-generation paradigm employed by Ward, Ericsson, and Williams (2013), the OASSIS, and a
battery of other cognitive tests. Performance on these tests was used to inform theory and validate the OASSIS as an
applied tool for domain professionas. Method. NCAA Division 1 and recreational -level soccer players completed a
battery of tests, both using paper/pencil (see Ward et a., 2013) and online. Results. Support for Long Term Working
Memory theory (LTWM; see Ericsson & Kintsch, 1995) was observed during both phases of decision making,
though the prescriptions of the Take-The-First heuristic (see Johnson & Raab, 2003) tend to hold, particularly within
intervention phase. When used to predict skill-group membership, the OASSIS accounted for more variance than
other domain-general tests of cognition. Furthermore, scores on the OASSIS correlated with other measures of
perceptual -cognitive skill in soccer and the process-level predictions made by LTWM. Conclusions. Updates to our
theoretical understanding of expert performance are provided and the validity of the OASSIS is demonstrated.
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Advancing theory and application of cognitive reshan sport: Using representative tasks to exphaid predict
skilled anticipation, decision-making, and opticengration behavior

A large body of research has demonstrated thetafémess of anticipation (e.g., Williams & Davids,
1995) and decision-making ability (Gorman, AbergyefhFarrow, 2013; Raab & Johnson, 2007) as predsobd
skill level in sport. However, little, if any, reseh has examined both anticipation and decisiokimmgaskill within
the same player. This is troublesome consideriagrécent work has conceptualized these two sidlleritical
subcomponents of the decision process in natucaist/or complex domains (Belling & Ward, 2012; MjaSuss,
Eccles, Williams, & Harris, 2011), and more gengrat reciprocal phases of the perception-actiatecy
(Engstrom, Kelso, & Holroyd, 1996; Neisser, 19A&ard et al. (2011) conceptualize the decision peees two
co-occurring phases: an assessment phase—whes@odatiakers assess the situation, generate opéinds,
anticipate the course(s) of action to be takenthgrs in the environment; and an intervention phasbere they
generate options and select the course(s) of atdiparsue themselves. Typically, these phasesa@sin making
have been investigated in isolation and differBebtetical accounts have been offered to explgiersor
performance in each phase (e.g., Raab & Johns@7; ®0ard, Ericsson, & Williams, 2013). Consequernlyr first
goal was to examine whether similar or dissimil@&chanisms support superior performance in eaclsidaci
making phase to better understand the strategiptoged by skilled decision makers in the typespuiriing
environments examined, and the training needsasfethvho are less skilled. In this particular resleathe sport
investigated is soccer, though the theoretical@adtical claims are likely to extend to other $p@nd/or domains
that have similar characteristics to sport (e.igh Ispeed decision-making under uncertainty).

An updated option generation task is employed imréssearch. This is similar to the option generati
tests used in previous sport research (e.g., Johagdaab, 2003; Ward et al., 2013), where decisiakers
generate situational sport outcomes as part gr@sentative task. This task is described in metaildbelow.
Unfortunately, the complexity and time-consumingun@ of current, albeit novel, methods used toidhte the
cognitive strategies supporting superior perforneamcile enlightening, are unlikely to be useddi@mgnostic
purposes (i.e., to assess anticipation and deeisiing skill and to identify deficiencies in segtes used). This
reduces their efficacy in terms of tailoring perceg-cognitive training to the specific needs dfiiriduals. Our
second goal was, therefore, to develop a simpstofeperceptual-cognitive skill capable of disdnating between

skill groups. Our aim was to assess the predictaliglity of the simpler test in terms of performaran the more
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complex option generation test, and examine coaistralidity of the simple test by demonstratingriggationship
with option generation strategy ugetool of this kind, however, would only be usefit predicted skill level over
and above other potential predictors relevant teeo Hence, a third and final goal was to exarttieerelative
contribution of the simple perceptual-cognitivellsidst and domain-general cognitive abilities éacer skill.

In this paper, we conducted a three-part expetitioeampirically examine each of these goals. In
Experiment 1A, we tested current models of skidedision making to delineate the mechanisms usegdptain
superior performance in the assessment and intisowgphases of decision making (as conceptualized/ard et
al., 2011) in the specific types of situationsedsin Experiment 1B, we developed a shorter, @mjpinline tool
(online assessment of strategic skill in soccerSSKS) to assess perceptual-cognitive skill in sodte examined
its predictive validity (relative to the test oftam generation) and construct validity, specifigétis convergence
with task-relevant option generation and divergenitk task-irrelevant option generation. In Expegimh 1C, we
further examined whether the short, online tool wé®tter predictor of skill level than other domgeneral
cognitive predictors. We begin by examining theeegsh on perceptual-cognitive skill that has ingesed the
assessment and intervention phases of decisiommaki

EXPERIMENT 1A
Tests of Decision Making in Sport

Assessment phase decision makirigere has been an emphasis in the sports expligisgure over the
last half decade on the perceptual and memoryelaspects of the assessment phase of decisiongnéki
particular, there has been a strong focus on ifyamgi skill-based differences in anticipation perfance and
improving players’ anticipation skill (for a reviewee Ward, Williams, & Hancock, 2006). Since Hask{1965)
paper investigating anticipation in tennis, reskars have used experimental methods, particulanhpbral

occlusiort, to investigate how players anticipate what thejponent will do next. For instance, Jones and dvile

Y In the traditional temporal-occlusion approachtipgrants watch video clips that depict typical gaplay within
that sport. In the videos, information is presentpdintil a critical decision point at which timeipt the
presentation of additional information (i.e., mé&n@mes of video) is unexpectedly occluded. Occlusian involve
freezing the video at the occlusion point (e.ghn¥wmn & Raab, 2003)—such that the final frame resisible to
the observer—or by replacing the final image withlank screen (e.g., Ward et al., 2013). In a soegkample, a
video of an attacking play may be occluded immetiygbrior to the player with the ball kicking thelb The
observer/participant is then required to indicabere the ball was about to be kicked (e.g., towledyoal, toward
a specific teammate). In other studies, researdtens used liquid-crystal occlusion spectaclescthunle vision
during actual task performance (for a review, saedw, Abernethy & Jackson, 2005). When their vis®
occluded, participants are typically required tatawue performing the task under investigationbdth video-based
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(1978) asked expert and novice tennis players tohwadeo clips of an opposing tennis player segitre ball.
They occluded the videos at three different ocolugoints (i.e., pre-, near-, and post-racket-tatitact).
Participants anticipated the ball's landing positam the court, and marked this point on a diagp&etennis court.
Significant differences in anticipation accuracyr&vebserved between the skill groups with expentiteplayers
being more accurate than their novice counterpestsecially in the pre- and near-racket-ball cartanditions.
Using similar temporal occlusion tasks, skill-baséferences in anticipation speed and/or accubasie been
demonstrated, for instance, in soccer (e.g., Wiltig& Davids, 1995), baseball (e.g., Burroughs, 1984dminton
(Abernethy & Russell, 1987), and squash (e.g., Aéttry, 1990), to name but a few. In general, thia gaggest
that skilled players can anticipate their opporeinitentions earlier and more accurately than flesger-skilled
counterparts. They can often predict the outcontbeituation prior to or immediately after thaysr with the
ball making contact with their foot/racquet/bat—#bat small-sided (e.g., 1 vs. 1 badminton) anddeasigled games
(e.g., 11 vs. 11 soccer).

Subsequent research has used other experimentgutaions, such as spatial occlusion and poirtitlig
displays, and recorded process-level data (e.g.m@wements) to provide possible explanationsdpesor
anticipation. This research suggests that expegtbetter at anticipating because they make effectse of more
meaningful postural cue information (e.g., positadrthe non-kicking foot in a penalty kick as itgkced next to
the ball; relative hip-shoulder rotation in tenpigor to racket-ball contact during a serve) andfiterpret
differently tactical information conveyed by théatéve positions and movements of other playersherfield (e.g.,
Ward, Williams, & Bennett, 2002; Williams & David$998). Research also indicates that training fedwus
improving novices’ anticipation skills—often usitgmporal occlusion methods to highlight the cudizeat! by
expert performers—translates to performance imprarg in the field (Fadde, 2006; Gabbett, Rubindfforburn,
& Farrow, 2007; Williams, Ward, Knowles, & Smeet@002).

Although much of the early research required pigiiats to indicate their anticipation using pen pager,
a number of researchers have required particigamtsspond physically, either by making a forcedict decision
about how to respond to their opponent(s) or bgaeding physically (e.g., by moving a joystick,more naturally
as they would in a game). The speed and accurgggrti€ipants’ decisions and responses have bemhtosnake

inferences about their ability to anticipate theponent’s actions, and so provide an indirect nreasf

and in situ temporal-occlusion paradigms, particfpare required to use the pre-occlusion inforomatid predict
what will happen immediately following the point @éclusion.
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anticipation skill in the real-world setting. Fotagnple, Savelsbergh, Williams, Van Der Kamp, andd\(2002)
required soccer goalkeepers to respond to a vitheolated penalty kick by moving a joystick in thieedttion they
would dive in order to save the penalty. Expertligeepers responded more accurately, albeit slidgater than
novice goalkeepers. Subsequent analysis of thégiytsajectories indicated that they also madedieworrective
movements of the joystick. In other words, onceedkgerts had selected the direction of the petaity, they were
less likely to change their mind (and correct tlagition) as more information became available. [&imesults have
been found, for instance, in boxing where partiotpavere required to use a joystick to decide whachtion of the
body to protect with a block (e.g., head, chestesponse to an attacking opponent (Ripoll, Karirstein, &
Reine, 1995).

Intervention phase decision makirRather than assessing and/or anticipating whapaonent will do
next, a handful of researchers have examined talegous question in the intervention phase of datisaking:
Whenl am in possession or control, what will/sholldb next (e.g., to which location should | servelomtennis
court; to whom should I kick the soccer ball)?Hede situations, participants are typically askesktect from a
predetermined (and typically limited) set of acdhey could perform. Unlike the anticipation sagjiwhere there
is a known outcome (e.g., the direction of the sopenalty kick, the landing point of the tennisveg, the quality
of the outcome is assessed subjectively by a pHreelperts. For example, Helsen and Pauwels (1&8®Joyed an
innovative, representative task to examine decigsiaking skill in soccer. Expert and novice socdayers
responded to a variety of video-based soccer siosn@e., free kicks, penalty kicks, dribbling,dapassing
situations), presented from the perspective ofrafiedd player who was involved in the developiritgation but
who was not yet in possession of the ball; parsiotp adopted this perspective as their own. Eawhblation ended
with an on-screen teammate passing the ball tothargarticipant, at which point the video froze. &ihhe on-
screen ball was played to the participant, theyewequired to execute a tactical decision by kiglan actual
ball—placed at their feet prior to the simulatioreward a specific teammate/location on the frozeagen The
quality and speed of participants’ decisions wedrded. Expert soccer players made better deaisae often
and more quickly than their novice counterparts.

More recently, Gorman, Abernethy, and Farrow (20a@gstigated the decision making of skilled and
less-skilled basketball players. Players viewe@widlips of typical basketball gameplay (i.e., dyiascenarios)

and still-image pictures from a video clip (i.g@atic scenarios). The participants were requireadaopt the
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perspective of the player with the ball and sedexsponse from a limited set of alternatives: pdréisble to the
right, dribble to the left, or shoot. Players’ respes were compared to those of an expert panehdto static and
dynamic tasks, skilled players made significantijtér decisions than less-skilled players. Thisvyng body of
research suggests that both anticipating the sitstoutcome and selecting the best course obmetie useful
tasks for differentiating between skill groups.

Option Generation Strategies Supporting Skillede&sment and Intervention Phase Decision Making

Although some sport-related research has provadecess-level explanation of how individuals
successfully anticipate situational outcomes andéaide on an effective course of action, the tagukexplanations
and subsequent ‘theoretical alignments’ have dfesn exercises in postdiction. Moreover, such ewtians are
rarely subjected to subsequent empirical testawipge opportunity for falsification. Instead, mgrest hoc
explanation often follows. Only a handful of resdears have tested a priori predictions, generated é&xtant
theory, about how individuals operate in the assess$ and intervention phases of decision makirgdyimamic and
complex sporting environments (e.g., Johnson & Raa063; Raab & Johnson, 2007; Ward et al., 201 3).ddver,
when non-sports researchers have generated reltnesmy from empirical data that is then subjedtedmpirical
test, they have usually ignored the process bywtiecision makers in complex environments actugglyerate
alternatives from which to choose. This proceseciforth referred to agption generationis considered critical to
naturalistic decision-making in a number of dynaduenains (Klein, 1993). Theories of option generatiave
provided testable hypotheses and process-leveheatibns of skilled performance during the inteti@n(Johnson
& Raab, 2003) and assessment (Ward et al., 20E8)g3hof decision making within sport situations.

The take-the-first heuristidohnson and Raab (2003) employed an option-geoerask in which
participants viewed video clips of typical handh@dly from the perspective of the team with the.Gdie clips
froze unexpectedly at a critical decision poinavieg the last video frame on screen. The partitipdask was to
respond, from the perspective of the player withlibll, by generating first an intuitive courseacfion that they
could perform next (e.g., pass the ball to a spet@fimmate, shoot the ball at goal), then gemagatil subsequent
options that came to mind, and finally selecting lest course of action from amongst those gertkratghty-five
intermediate-skill handball players completed 3dhsuiials. An expert panel rated the quality ofadlthe options
generated by participants in each of the scenpriesented. Participants generated relatively fetioog (e.g., 2-3),

and the first option generated was of higher qu#tian subsequently generated options.
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To explain this pattern of results, Johnson andoR2803) presented the Take-The-First (TTF) hearist
According to TTF, a response option is activatethamory based on an association with the envirotethen
structure (e.g., a pattern of gameplay in handbadi)activation spreads, other workable, but logeality, options
are generated. Consequently, increasing the nuaflzgtions that one generates increases the nuofitt@wver
quality options. Therefore, the likelihood that araa select a high quality option as the final ckas decreased—
because a choice would be made from a larger sgitmfis that, on average, were lower in qualibhnson and
Raab predicted that the total number of optionergted would be negatively related to the finalislen quality.
The empirical evidence supported their hypothdsisestablish the extent to which skill level affetite option-
generation process, Raab and Johnson (2007) endptlogesame paradigm with expert, near-expert, andexpert
handball players (totad = 69). They found that compared to near-expertreordexpert players, the experts selected
final options of higher quality, suggesting thatba® acquires more skill their performance aligiith ¢he
predictions of TTF more closely. Additionally, dogi a similar study in handball, Laborde and Ra&d.82 found
that experts generated significantly fewer optitdra near-experts, though not fewer than non-espert

The findings from tests of TTF are consistent wiitb Recognition Primed-Decision (RPD) model of dapi
decision making (Klein, 1989; 1993), which ass#r#g skilled performers typically generate a wotkadnlution
quickly (and first among alternatives), and befterformance is associated with generating fewdoogt Of
particular relevance to this paper, Klein and F&889) suggested that RPD could also describe ipeafiace during
the assessment phase of decision making. To festltim, the researchers presented skilled arsddkitled chess
players with mid-game chessboard configurationsasked them to generate potential moves that dmildade
against them, and to anticipate the opposing pgetual next move. Skilled players (a) generdedoptions—
fewer than less-skilled players (albeit not atgasicant level), (b) generated the actual next emtivbe taken by
their opponent as their first option more oftemtlhess-skilled players, and (c) were more accutete less-skilled
players at predicting oppositional moves. Basethese data (and extrapolating from TTF) one migédict that
superior performance during the assessment-phatecigion-making would be supported by intuitiomene the
first option generated would be superior to subsatiy generated options—particularly among higtiyled
players—and that generating more situational ogtiwauld be detrimental to performance.

Long term working memory theory a review of research on expert performanciesgon and Kintsch

(1995) proposed an alternative perceptual-cognitieehanism for facilitating expert performance amplex and
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dynamic domains to that described by RPD and TT&ore form of retrieval structure, they suggested ¢xperts
construct a situational model that indexes androrga information in long term memory and that gméges this
with incoming environmental information on the fljhe result is a constantly updated situational ehtitat
facilitates access to multiple, relevant assessmuethintervention alternatives (provided multipdéerant options
exist in the environment). Ericsson and Kintschechthis mechanism Long Term Working Memory (LTWBK)lI.
Using an option generation task analogous to tbedl by Johnson and Raab (2003; Raab & Johnson),20@rd
et al. (2013) tested a series of hypotheses defieed LTWM to further investigate LTWM claims aboexpert
skill at cognitively representing relevant alteimas during situational assessment phase of decsaking. First,
consistent with TTF and RPD—and any activation $goaiation-based model of skill in dynamic taskseyth
predicted that experts would generate a good offitistnand few options in total. However, rathearhpredict that
the TTF and RPD claims would extend to the assasispi@se of decision making (e.g., total numbeyptions
would be negatively correlated with performancelohnson & Raab, 2003), Ward et al. generatedqtienls
regarding the number of task-relevant and taskevent options, as opposed to the total optionsk¥alevant
options in assessment trials were deemed to be thosatening options (available to the oppositaciing team)
that a (defensive) player should be aware of dtrtftanent if on the field. Examples of task relevaptions
available to an opposing soccer player with théibal specific situation might include them pagsia a specific
teammate, continuing to run with the ball beforessing it in to the penalty box, or shooting dikget goal—all of
which would pose some degree of threat to defertsis.example is illustrated in Figure 1. Dark arsowdicate
task-relevant options; light arrows indicate taskievant options. The task-relevant options apeagentative of
the relevant decision alternatives described bgdson and Kintsch (1995).

In the research conducted by Ward et al. (2018k-televant options were identified by a panebqfest
soccer coaches. All options generated by partitgpdoat were not identified by the expert panebag-relevant
were deemed task-irrelevant (i.e., not threatetorthe defense in each specific situation). Waral .g2013)
predicted that the number of task-relevant situnali@ptions would be positively correlated with tiaslity to
anticipate the opponent’s next move (i.e., antigipeaccuracy) Conversely, they predicted that the number of

task-irrelevant options would be negatively conediawith anticipation accuracy. Although proponesft3 TF

2 This is the assessment phase analogue of sel¢le@rizest move for oneself in the intervention pratsecision
making.
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would likely agree that task-relevant options azaayated earlier in the decision process, andrtteoption is
often task-relevant, they did not make specifidptons regarding the numbers of task-relevant-amnelevant
options and anticipation accuracy (during assesgmefinal decision quality (during interventionhstead, the
predictions of TTF focus on the total number ofiaps and final decision quality.

In three experiments conducted by Ward et al. (08@lled- and less-skilled soccer players watcsleoit
(i.e., 5-10 s) video clips of typical attacking secplay from a defensive perspective. Similardionson and
Raab’s (2003) method, the clips ended unexpectddiycritical decision moment—immediately prioato
opposing player with the ball performing an actferg., shooting toward goal, passing to a teammAtea
defensive player, participants then generatedithat®nal options heeded at that moment (i.e séhaptions they
were concerned that the opposing attacking playghthperform next). Participants responded by nragldéach
option on paper on a two-dimensional scaled depiatif a soccer field (from the same perspectivihadast video
frame). They were also required to indicate whiphiam they thought would actually occur next (itbe
anticipatedoption), and ranked the options in terms of thredhlevel posed to the defense. Consistent with
predictions from both perspectives, skilled paptécits were better at anticipating the outcome, rgeee higher
guality options as their first option more oftemathess-skilled players, and generated only a fetioos (i.e., 2-5).
However, contrary to TTF, the total number of opti@enerated by the skilled and less-skilled gralighiot differ
significantly. Interestingly though, skilled paipents generated more task-relevant and feweriteskvant
options than less-skilled participants. Moreoviee, humbers of task-relevant and task-irrelevariboptgenerated
were positively and negatively related, respectiviel anticipation accuracy. In two of their expeents, Ward and
colleagues had participants respond to some tigfsperceptual cues (i.e., the last frame of actwvailable on
screen as a freeze frame) and other trials withetteptual cues. They observed stronger effects wasicipants
were performed the task without perceptual supfert from memory). Although the performance oftjggpants
was consistent with the sentiment of TTF and RP®,(generating few options, a good one first)eheas no
evidence that generating more options hinderedpegnce—as predicted by TTF. Rather, the abilitgdnerate
an accurate situational representation (i.e., doimgithe available task-relevant options priodtizat encoding, but
not task-irrelevant options), as described by LTW¥vided a better explanation for superior perfanae in these

specific situations than the use of a simpler titaiheuristic.
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It would seem logical to suggest, based on the estidies, that the TTF heuristic might providetibst
explanation for skilled performance during intertien-phase decision making. Meanwhile, the develepnof
situational representations of the type describedVM theory may provide the best explanationgkilled
performance during assessment-phase decision makiegrdingly, in this part of the experiment, wamined
skilled and less-skilled soccer players’ perforneaan an option generation task. The two theoretieedpectives—
LTWM and TTF—permit different predictions to be neadith regard to the relationship between perforreaend
the number and type of options generated. For inéoemation about the specific differences betwewthanisms
the interested reader is referred to Ward et 8tL32. Although other theoretical differences exisg nature of this
relationship in both the assessment- and interesghases of decision making is the main focusuofresearch.

However, subtle differences in methodologies usedss studies, including the time available to oesp
and the presence/absence of perceptual cues whempieg experimental tasks may preclude such @losion
without additional research. Recall that each efdlaims by Johnson and Raab (2003) and Ward €(3) were
developed to account for performance in time cais&d and dynamic domains. Yet, to date, and rather
surprisingly, no studies have experimentally malafad time constraint on option-generation perfarogain a
complex and dynamic domain. Johnson and Raab (20[@8yed participants access to a frozen imagecoges
(i.e., the final frame of the handball videos) 4&r seconds. Raab and Johnson (2007) reduced tinmétteel to 6
seconds. Ward et al. (2013) did not allow any timeiew the final image on-screen during their as@n
condition, but response time was unlimited. Givemémphasis of these models on generating a sitgsfption
quickly, in-situ, we explored the effects of timenstraint on option generation behavior when periog this task
without perceptual cues (i.e., without a frozengmaf the last video frame from the test stimuih)light of the
methodological differences across previous studiesinclusion of a time constraint manipulationswaeant to
further explore the bounds of the extant claimsdkdingly, hypotheses based on time-constrainsaneewhat
exploratory in nature but grounded in extant theory
Predictions Regarding Performance

Compared to less skilled players, we expectedeskitlayers to more accurately anticipate the sanat
outcome during assessment and select the bestaitgption during intervention. Based on the resle@n
performance under pressure (e.g., Suss & Ward,; 2By 2004), we also speculated that skilled playeould

handle time constraint better than less-skilleggns. Accordingly, we expected a significant Tirer(strained, not
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constrained) x Skill (skilled, less-skilled) inteti@mn effect on performance (i.e., anticipationwecy during
assessment; selection of the best criterion omtising intervention). In other words, we expectee performance
of less-skilled players to break down under timestint, but not the performance of skilled player
Predictions Regarding Number of Options Generated

In line with TTF and LTWM, we expected that few iopis (e.g. 2—3)vould be generated during both
assessment and intervention. However, during assggs—and consistent with Ward et al. (2013)—we etqubto
observe a Skill (skilled, less-skilled) x Informati Type (task-relevant, task-irrelevant option$graction.
Specifically, we expected that skilled participantzuld generate more task-relevant, and fewer iraslevant,
options than less-skilled participants. Given ih@ted amount of time available to respond undespure, we
speculated that these effects would be affecteihigy constraint and we would observe an Informafigpe x Skill
x Time interaction in the assessment phase. Weealsected an Information Type x Time interactiarghsthat
participants reduce the number of task-irreleviant,not the number of task-relevant options geedrathen time
constraint is implemented. This expectation idgrie with all models of activation by associatiorg(eTTF,
LTWM). To explore the claims of TTF during assesatne/e speculated that a main effect of skill om tlumber of
options generated may be observed (see Labordea&,R813, Klein & Peio, 1989). If skilled playersrngrated
fewer options in total than less-skilled playersinigi assessment trials, this would lend some sugpothe use of a
TTF-type strategy.

During intervention trials, we speculated thatlskilparticipants would generate fewer options taltthan
less-skilled participants (see Klein & Peio, 1988jhough this is not a direct prediction of TTFufbs a prediction
of RPD), the generation of fewer options by skilfgayers (who performed better on average) in coispa to the
less-skilled players would be consistent with thetisnent of TTF. For instance, Laborde and Raat3p@und
that experts generated fewer options than nearrexjpehandball. We also expected that the totatlmer of options
generated would be reduced when under time constia., Skill x Time interaction). To explore thiaims of
LTWM during intervention trials, we also includetformation type as a within-subject variable (asdickin the
assessment phase) and tested for a three-waydtberéinformation Type x Skill x Time). If skilledarticipants
generated fewer task-irrelevant, iubretask-relevant options than less-skilled partictpan either time condition,
the resulting two-way interaction (Information Typeskill) would offer some support for LTWM-type efganisms

during intervention.
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Predictions Regarding the Relationship betweenddpgBeneration and Performance

Following Ward et al. (2013), we predicted that thuenber of task-relevant and task-irrelevant opgtion
the assessment phase would be positively and mebatélated, respectively, to anticipation accyrdg line with
Raab and Johnson (2007) and Johnson and Raab (#0@8) intervention, we expected to observe atieg
relationship between thetal number of options generated and decision qualitg &ffect of time pressure on these
relationships was also explored. During assesstriats, we explored the possibility that time coastt might
result in a shift from a LTWM- toward TTF-basedaségy (i.e., emergence of a relationship betweendtal
number of options and anticipation accuracy), gittenprimary emphasis of TTF on generating an imated
satisficing option. During intervention trials, \&so explored the very tentative possibility thatet constraint
could result in a shift from a TTF- toward a LTWMsed strategy (i.e., the emergence of a relatipristtiveen
task-relevant/-irrelevant options and selectiothefcriterion best option).

Method

Participants

Skilled participants were 19 male NCAA Divisiosdccer players. The skilled group averaged 1958 (
= 1.56) years of age and 11.56)= 3.36) years of experience playing soccer. L&gdked participants were 17
male recreational-level soccer players. The lefiledlgroup averaged 20.28D = 1.86) years of age and 8.(8X
= 6.13) years of experience playing soccer. Thiéeskparticipants were paid USD $20.00 for compigtihe
experimental tasks; the less-skilled participaat®eived university course credit. The data colkkétem the 17
players in the less-skilled group was part of gdadata sein(= 21; 4 females, 17 males) that were presented in
another manuscript (see Belling, Suss, & Ward, 200& excluded the four less-skilled females tauemshat the
groups contrasted here were comparable in regagdrtder.
Materials and Procedures

Video simulationsr{ = 30) were created using live soccer match footéige.video footage featured
national-level, inter-academy, 18-year old playsrgaged in competitive soccer match play filmedhfiam
elevated angle above, and behind, the goal. Thispaint has been shown to be effective for disarating
between skill groups (e.g., Mann, Farrow, ShuttlielydHopwood, & MacMahon, 2009; Ward & Williams, @%).
Each video clip was 5-10 seconds in duration. Adtbrief display of buildup play (e.g., passingbbling), the

clips were unexpectedly occluded immediately ptdoa critical decision moment (see Ward et al.,30At this
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point, an occlusion image appeared that displalyedi¢ld lines (e.g., boundaries, half-pitch mankd goal box)
and the location of the ball on a blank white sorgsee Figure 2A); players’ locations were omit@®éithe 30
videos created, three each were used assessmesat-quidintervention-phase practice trials. The igimg 24
videos were used as test trials for both assessmuettintervention-phases of decision making. Respaheets
were used to record option generation. The respsimset for a given trial comprised a copy of thelugion image
displayed on the screen at the point of occlugioimted onto white, letter-size (216 mm x 279 mraper.

Participants viewed the video simulations that weesented using a high-definition video projecidre
image was displayed on either a reflective-paintbde wall or white video projector screen and wpproximately
249 cm wide by 158 cm high. Participants (rangiognf 1-6 per session) sat at desks approximatelycaBfiom,
and facing, the projected image. A video camera@lamd behind each participant was used to filrit tesponse
sheet during the trials. This allowed the experiteento check whether participants were followingtiuctions
during the testing session, and to review—posirigstthe sequence in which participants generat¢idog When
administering the test to multiple participantsitiggpants were seated such that they could notmiesone
another’s responses; they were not permitted tamwanicate with each other during the experimenthatmoment
of occlusion on-screen, participants were instdietementally dump the options that came to mini dime paper,
without filtering their responses. They did thisdnawing options onto the response sheets usingesnotation
scheme (see Figure 1B for an example). Xs repredetgfending players, Os represented attackingefdagnd
arrows were used to indicate ball and player movenas well as the targeted recipient of a passinDuhe
assessment-phase trials, participants were insttdotenvision themselves as a defending playegandrate the
course(s) of action that the opposing attacker trpghform next—beyond the occlusion point. Durihg t
intervention-phase trials, participants were ingied to envision themselves as the player wittbdieand generate
the course(s) of action that they would be congideait the point of occlusion—as if they were oe field. Half of
the interventionrf = 6) and assessmemt£ 6) phase trials were non-time-constrained, wthikeother half were
time-constrained. During non-time-constrained $riglarticipants had unlimited time in which to gexte (i.e.,
draw) their options on the response sheet; in omestrained trials, participants were given 10 sdsdo generate
options. The experimenter used a stopwatch in dodienplement the time constraint.

After participants recorded their options on tegponse form, they completed—without time restiet-

two rating tasks. For each option generated duaimgssessment trial, participants indicated hoghlik was that
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the opposing player would choose that option and tancerning they felt that option was to theiratefe. For
each option generated during an intervention tpatticipants indicated how likely it was that theguld choose
that option if on the field and how good they tbiat option was for them to perform, given thediton. All ratings
of likelihood and concern/quality were completethgsa Likert scale that ranged fromrib( at all
likely/concerning/goaptto 10 ery likely/concerning/gogdParticipants were instructed to make clear whkinolgle
option they felt asnostlikely andmostthreatening/best (i.e., tied ratings were notvediad).
Scoring and Coding

During assessment trials, the option with the éggtikelihood rating was taken to be the partioifsa
anticipatedoption. During intervention trials, the option Wwithe highest likelihood rating was taken to be the
participant’'schoseroption. During assessment trials, if a particifmanticipated action matched what actually
occurred next (i.e., after the point of occlusidhg trial was considered to be anticipated acetyalf any other
option was rated as the most likely option, thal tias considered to be anticipated incorrectlyil@rly, during
intervention trials if a participant’s chosen optimatched the criterion best option, the trial wassidered to be
selected correctly. If any option other than thtedon best option was rated as the most likddg, trial was
considered incorrect. The criterion best option determined by an expert panel (see below). Arditn
accuracy and selection of the criterion best optiere used as performance measures for assesshasg-and
intervention-phase decision making, respectivetytiBipants’ overalbnticipation scoreduring assessment was
calculated as the sum of correctly-anticipated t@mestrainedr{ = 6) and non-time-constrainexd £ 6) trials.
Similarly, participants overaielection scoreuring intervention was calculated as the sunmpofect selections in
the time-constrainedh(= 6) and non-time-constrained £ 6) trials. Anticipation and selections scorégréfore,
could range from 0 (worst) to 12 (best).

Two subject-matter experts (SMEs) coded partidggarsponses and determined the task-relevance of
each option. SME1 had 18 years of competitive sogles/ing experience and one year as team capt#ire a
NCAA Division Il collegiate level. SME1 also hadhe season of coaching experience with a womenlegiate
club-level team. SME2 had 17 years of competitivecer playing experience, including two seasore @slegiate
club-level captain. SME2 also had coaching expegemith a youth soccer club for two seasons. Initaatdto their
experience as players and coaches, the SMEs dedelamiliarity with the stimulus trials by watchiegch video

multiple times with and without occlusion, at notrapeed and in slow motion, and also viewing tHesegquent
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sequence of play. The SMEs determined the taskaeteand task-irrelevant options for each trialdpefbeing
given access to the data collected.

Participants’ responses were categorized baseleoaction, direction, and location of players aatl b
movement. The final frame in each trial was divid®d zones (e.g., zone A, zone B, etc.). For exapgpass
from Player 1 to Player 5 in zone D would be catizgal along with other responses that shared thoszional
and spatial features, whereas a pass from PlaiyePlayer 2 in zone D would be grouped as differesponses.
Just the same, a pass from Player 1 to Playee6éria A would be grouped as a different responsee Btbded all
participants’ responses. SME2 coded a portionlokaponses (approximately 10%). During assesstrialt,
inter-rater agreement was 85% (Cohen’s Kappa =) 0n82rms of categorical coding. During interventirials,
inter-rater agreement was 82% (Cohen’s Kappa 9 0T6& SMEs discussed options they disagreed omemathed
a consensus as to its correct categorization. ditiad to functional coding, the SMEs generatedttek-relevant
options for each trial. Again, each option was cosgal of relevant players, actions, directions,landtions. The
task-relevant options generated by the SMEs wemsidered to be those that a defender should besowed about
(for assessment) and those that an attacker shbeutdnsidering (for intervention). Agreement regagdask-
relevant options was 97% (Cohen’s Kappa = 0.9&)szcall trials. The SMEs also determined the coitebest
option for all intervention trials.

Analysis and Results
Performance

Two-way ANOVAs were used to test for the effectinfe constraint, skill, and interaction effects on
anticipation accuracy (assessment) and selectibesifcourse of action (intervention).

Assessmenburing the assessment phase, we observed aisggifain effect of skill on anticipation
accuracyF(1, 34) =10.21p = .003,112p =.23. The skilled groupg{ = 4.21,SD= 1.62) anticipated more outcomes
correctly than the less-skilled groud € 2.65,SD= 1.27). However, a main effect of time constravats not
observedF(1, 34) = 0.08p = .79,n2p: 0.002. Recall we hypothesized that a skill effecperformance would
interact with time constraint. However, a Skill ;e Constraint interaction effect was also not obse, F(1, 34) =
0.006,p = .940,112p < .001. Skilled participants performed better thess-skilled participants regardless of time

constraint.



COGNITION IN SPORT 15

Intervention During the intervention phase, we observed afsigmt main effect of skill on performance
F(1, 34) =10.53p = .003,112p = .24, The skilled groupM = 4.16,SD = 1.54) selected the criterion best option for
more trials than the less-skilled groy € 2.36,SD = 1.80). Again, a main effect of time constrairgsanot
observedF(1, 34) = 0.55p = .460,112p = .02, and counter to our hypothesis, a Skill m&iConstraint interaction
effect was not preserf(1, 34) = 0.30p = .590,112p =.01.

Number of Options Generated

AssessmenEactorial ANOVA was used to detect effects of skilld time constraint and information type
(task-relevant, task-irrelevant options) on nundfesptions generated during the assessment phasall fhat we
expected a three-way interaction of Skill x TimenSwaint x Information Type, such that skilled papants would
generate more task-relevant and fewer task-irretesptions than less-skilled participants, and éffsct would be
stronger during time constrained trials—as a resfuiihe use of a more adaptive option-generatitatesjy. The
hypothesized three-way interaction effect was hseovedF(1, 34) = 0.56p = .460,n 2p =.02. However, an
Information Type x Skill interaction effect was ebged,F(1, 34) = 21.57p < .001,112p =.39. Skilled players
generated more task-relevant and fewer task-iraglieoptions than less-skilled players, regardléssne constraint
(see Table 1). Counter to the hypothesis, we didhserve an Information Type x Time Constraingiattion
effect,F(1, 34) =0.49p = .490,112p =.01. In other words, the hypothesized seleateeriction in information type
in response to the implementation of time constraas not observed during assessment trials. ldstea observed
only a main effect of time on number of options grated (1, 34) = 10.09p = .003,112p = .22. Participants
reduced both information types in response to tiorestraint. Lastly we explored our speculation thaterts would
generate fewer options in total during assessm@abrdingly, we also tested for a main effect daflskn number
of options generated; a significant effect wasafigtervedF(1, 34) = 0.43p = .520,112p =.01. Skilled players did
not generate fewer options in total than less-ekiplayers during assessment trials.

Intervention.During intervention, we expected to observe arraui@on between skill and time, and a main
effect of skill on number of options generated haligh the interaction was not significant, thelskiin effect
was,F(1, 34) =6.17p = .020,112p =.15. Skilled participants generated fewer omiontotal than less-skilled
participants (see Table 2). However, to detectcedfof skill and time constraint on the type ofimhation
generated—to explore the LTWM claims during intemi@n—these analyses were conducted in the confexB-

way factorial ANOVA (Skill x Time Constraint x Infmation Type). Although the 3-way interaction was n
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significant,F(1, 34) = 0.83p = .370,112p = .02, the hypothesized Information Type x SKileet was observed;(1,

34) =24.20p< .OOl,nzp = .42. Skilled participants generated significamtiore task-relevant and fewer task-
irrelevant options than less-skilled participarsisg Table 2). Moreover, the type of informationegated under

time constraint affected all participani1, 34) = 5.11p = .030,112p =.13. Participants reduced only task-irrelevant
options when time constraint was implemented, teguin a selective—rather than a general—redudtiathe
number of options generated.

Relationship between Option Generation and Perfocma

Multiple regression analyses were used to invetgitiee relationship between option generation and
performance during both assessment and interveptiases of decision making. We followed up thesdyars
and partitioned the variance using correlation (Baodferroni correction where necessary) since fleeiéic
hypotheses were stated in correlational terms.

Assessmenthe numbers of task-relevant and task-irrelevatibog (irrespective of time constraint
condition) were used as predictor variables anitigation accuracy was the predicted variable enrgression
model. This analyses revealed that together, thebeus of task-relevant and task-irrelevant optiexpdained a
significant amount of the variance in anticipatamturacyR = .41,F(2, 33) = 19.65p < .001. To investigate the
relationships more specifically, we observed theeatations between the numbers of task-relevaktitasievant
options generated and anticipation accuracy, aptleapBonferroni corrections where necessary 0.025 level).
As hypothesized—and consistent with Ward et al1g6-the number of task-relevant options was pasifiv
related to performance € .61,p < .001), and the number of task-irrelevant optimas negatively related to
performancer(= -.32,p = .030). These relationships remained—and in éineesdirections—when we analyzed
data from the time-constrained and non-time-coimsthconditions separately.

Recall that TTF posits a negative relationship leetvtheotal number of intervention options generated
and performance, and that we extended this hypistteethe assessment phase of decision makingr&grb this
hypothesis, a correlational analysis revealed dl gositive, but not significant, relationship beten the number of
assessment options and anticipation accunasy.12,p = .510). This relationship did not change whenawalyzed
data from the time-constrained and non-time-coimshconditions separately.

Intervention.In accordance with TTF, we hypothesized a negaitireslation between the total number of

options generated and performance (i.e., selecfitime criterion best option). Across both time-staint
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conditions, the hypothesized relationship was igstificant, but trended in line with TTF and ourdoghesisi( =
-.24,p = .160). The relationship did not change when nadyzed data from the time-constraint conditions
separately. Correlations for the data in time-a@iséd ( = —.21,p = .210) and non-time-constraingd<-.18,p =
.300) conditions were not significant.

In order to explore the claims of Ward et al. (201 investigated the relationship between tashkvemnt
and task-irrelevant option generation and perfogearsing a multiple regression analysis. The numbgtask-
relevant and task-irrelevant options generatedfiigntly predicted performanc&= .36,F(2, 33) = 10.77p <
.001. As in assessment, the variance was partdtiosimg correlations with Bonferroni corrections=0.025 level).
The numbers of task-relevamt£ .43,p = .009) and task-irrelevant £ —.56,p < .001) options were significantly
related to performance in the directions associaiétdthe LTWM-based claims of Ward et al. (2013).

Discussion

Consistent with the body of research on anticipatind decision making in dynamic situations, ekill
participants outperformed less-skilled players myithoth assessment (by anticipating outcomes)rgedvention
(by selecting the criterion response option) tridlthe representative sport task used in thisarebe(e.g.,
Abernethy, 1990; Abernethy & Russell, 1987; Gormaaal., 2013; Helsen & Starkes, 1999; Johnson &Ra@03;
Raab & Johnson, 2007; Ward et al., 2013; for aeseysee Mann, Williams, Ward, & Janelle, 2007). ldger, time
constraint did not interact with performance durasgessment or intervention. We speculate thairthisbe
because time constraint is relatively common indbmmain of soccer and therefore does not degradierpence or
that the manipulation was not stringent enoughateela severe effect on performance (but see ogéaeration
results, in particular during intervention). lt@ls possible that written responses, as opposethtpaffected the
relationship between performance and time congtrairture research should investigate the effetinud
constraint on performance across varying respamsedts.

The number and type of options generated were aoabje to the data observed by Ward et al. (2013)
during both assessment and intervention. Skilletigigants generated more task-relevant and feasi-irrelevant
options than less-skilled players suggesting tleeafi:s LTWM-type strategy during assessment arehisntion.
According to LTWM, as skilled decision-makers degltheir encoding of situational information be@smore
task-relevant and elaborate, resulting in a langenber of the available task-relevant options awveef task-

irrelevant options forming part of the representatiAlthough a three-way interaction with time cimamt was not
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observed in assessment, the effects of time camistvare different in the two decision phases. BDgrassessment,
there was no effect of time constraint on the numbétask-relevant and task-irrelevant optionsegated. Counter
to our expectations we did not observe a genedaiatéon in the number of options generated withetitonstraint
during assessment that might have reflected afsbift a LTWM towards use of at TTF strategy. Moregv
although the correlation between the total numibeptions generated and anticipation accuracy wabke
direction hypothesized by Johnson and Raab (2@I&it not significant, we observed significantiige/negative
relationships between task-relevant/irrelevantagigenerated, respectively, and anticipation acguiThese data
are consistent with the hypotheses derived from MW Ward et al. (2013) and as we hypothesized.here
Moreover, these relationships were not considerdiffgrent across time constraint conditions.

During intervention, while the hypothesized thresyinteraction between skill level, information &yp
and time constraint was not observed, skilled pigiints still generated more task-relevant andteesdsirrelevant
options than less-skilled players. Although theeswot an interaction effect between time consteaind skill on
performance, the manipulation of time constraidtrdisult in a selective reduction in the numbetask-irrelevant
options generated by all participants. These dat@@nsistent with the prescription from TTF thattjzipants
shouldTake-The-Firsduring the intervention phase of decision makifgwunder time constraint. However, the
total number of options generated was not sigmifigecorrelated with decision quality (albeit irethypothesized
direction) as would be expected by TTF. Since loghnumber of task-relevant and -irrelevant optivese
positively and negatively related, respectivelythwdecision quality, collectively, these data sigjdgke use of a
strategy that is more consistent with LTWM durintervention rather than a TTF-type strategy as ag h
predicted.

In conclusion, our results provide stronger, dlteitative, support for the use of LTWM-based
mechanisms during the assessment and interverti@sep of decision making in the types of repretigataports
tasks used in this experiment. The generation aotrtask-relevant, and fewer task-irrelevant, oioms
associated with higher skill (as seen in the faat&fNOVA) and higher performance (as seen in thgression).
This is consistent with recent explorations of T$&ch as Laborde and Raab’s (2013) descriptiohedif tesults
that, “...suggest that variables related to qualieyraore robust for distinguishing expertise le\el’349).
Similarly, we found that organization of the opsogenerated by quality (i.e., task-relevant vk-taglevant) is

more distinguishing of expertise level. The resatts also consistent with the prescription of TTiFry
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intervention (i.e., take the first option) and general sentiments of intuitive heuristics like Tamd RPD (e.g.,
better options generated first, generate few optiand reduce the number of irrelevant options igeee when it
matters, for instance, under time constraint). Meszarch is needed to further delineate the boofithie
usefulness of these heuristics and strategiesciadipainder time constraint. In particular, resgathat examines
the serial position and quality of each option dgrboth assessment- and intervention-phases idechaking is
needed in future work. Another potential limitattiof the current research is the use of only madbrakilled
SMEs when determining the task-relevant and tagkeivant options for each trial. However, the datggest
greater convergence between the experts and SMEd#iween novices and SMEs. One might predicthieat
skill effects observed in this research may be npoogound if SMEs of the same (or perhaps highlt)) Ievel as
the high-skill group were to establish the critariesponse. Although this is substantiated by Véaal.'s (2013)
data, further research is needed to address #his.is

The results have implications for training; howewee add the caveat that any single strategylikein to
be effective in all situations and that one of st important features of training for decisiorking is that it
should be context sensitive (see Hoffman, Wardpokigh, Dibello, Fiore, & Andrews, 2014). Duringtémvention-
phase decision making in the types of situatiomestigated here, instead of focusing ayeaeralreduction in
option generation, training should focus on awaserdd the of task-relevant options available in the
environment/situation, and on selectivedglucing the number of task-irrelevant options gateel. A quickly-
generated, intuitive response appears to be sugersubsequently generated options, especiallynwimeler time
pressure, but we are less certain that this intitepresentation and response should compriseyke giption when
multiple relevant options are available in the eowiment/situation.

During assessment-phase decision-making in trestgpsituations investigated here, training shéobdis
on building a better representation of the ecolalgitructure by promoting—during training—an awasnof the
task-relevant options available in the environngtutation. Over time, this should facilitate deyeiwent of
organized retrieval structures that permit dirextess to task-relevant options, and the abilityeioerate as many of
the task-relevant options as are available in thvirenment/situation, while reducing only task-ieeant
information. Given that the total number of assessnoptions was not related to performance or,sk#él do not
see a benefit in attempting to reduce the totallvemof options to a single, intuitive responsetdad, we

recommend that training focuses on the situatiomadiel-building process described by LTWM (see Eacs&
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Kintsch, 1995), such that naturalistic decision arakocus on maintained access to the situatiantabmeand
relevant assessment alternatives (see Ward @04B, cf. Klein & Peio, 1989).
EXPERIMENT 1B

Despite the utility of the option generation tésked in Experiment 1A) to differentiate betweeitl sk
groups and provide insight into the strategies uisedch phase of decision making—oth with and eitttime
constraint (at least within the representative epscenarios investigated)—it is unlikely to beatdd as a
diagnostic tool in the field because it is veryaieonsuming to code, and effortful to administet acore. Recall
that the second aim of this paper was to creatagndstic tool for assessing perceptual cognitkitkis soccer that
is readily available and usable by domain profesdi® We also sought to evaluate this tool’s abibitpredict
cognitive strategy (e.g., LTWM-type option genesa)i, in addition to domain skill. Accordingly, ihis experiment
we created and evaluated a new, more usable, dime ¢est of perceptual-cognitive skill in socc€&he Online
Assessment of Strategic Skill In Soccer (OASSI®)sTest examines players’ ability to anticipate #ttions of
soccer players performing in dynamic video scesiesilar to those used in Experiment 1A. The OASISIBased
on the traditional temporal-occlusion paradigm @dull review, see Williams & Ward, 2007). Infortia is
presented up until a critical decision point befoetng occluded. At the point of occlusion, papamnts must select
what they think will happen next from multiple petdrmined options (as opposed to generating thergpas in
the option-generation paradigm; see Ward et al.3R0~ollowing Ward et al. (2013), and to captureenof the
ecological structure to facilitate subsequent galigation, three different types of questions wesked in a variety
of situations (e.g., passing, dribbling, shootinghat action will be performed next? In which difen will the
pass be played? Which player will receive the bdltis type of test is not new—although simple oaliests of
perceptual-cognitive skill in sport have not yeeb@eveloped. However, the examination of constralitity with
respect to option generation behavior is new (st@\).

To assess the known-groups validity of the OAS84Stested its ability to differentiate between two
different skill groups in terms of overall antictpan accuracy. We hypothesized that there would bignificant
effect of skill on OASSIS performance. Specificallye predicted that the skilled group would antitgcorrectly
the outcomes of scenarios significantly more oftem the less-skilled group. To assess the predigalidity of
the OASSIS we tested the relationship between peence on this test and anticipation accuracy erofition-

generation task using in Experiment 1A. Since tB&OIS also measured anticipation accuracy we egfdebese
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measures to be positively, and significantly, clatesl. Lastly, to assess construct validity, wengixad the
relationship between option-generation behaviomduassessment on the option-generation task arfiarpence
on the OASSIS. We expected these to follow theioglahips predicted by Ward et al. (2013) even giothe tests
and stimuli were otherwise unrelated and independéore specifically, we expected to observe cogeace (i.e.,
a positive relationship) between the number of-taévant options generated on the assessment phtise
generation task from Experiment 1A and performantéhe OASSIS. Similarly, we expected to observergjence
(i.e., a negative relationship) between the nunolbéaisk-irrelevant options generated and OASSI$opmance.
Method

Participants

Rather than independently replicate the findinfgsption generation task used in Experiment 1A @hihi
has been replicated elsewhere, see Ward et aB) 281r primary goal was to compare performancesscthe two
tasks (OASSIS; option generation task) and estabhdidity. Hence, participants from Experiment W&re
recruited to participate in Experiment 1B. Recr@@trmof participants was conducted via email and ovaa
voluntary basis. The high- and low- skill groupsr&véormed using the same participants from Expemimé. To
prevent alpha inflation due to the use of the sparécipants, our analyses were Bonferroni corkcte
Materials and Procedure

OASSISVideo simulations were created from the same bésloccer footage as in Experiment 1A,
resulting in new simulations that used similar—bot the same—critical decision moments and occlupimnts.
As in the assessment version of the option-germeratisk (Experiment 1A), video simulations endeexpectedly
with an occlusion image denoting the field lined aosition of the ball at the end of the clip. tidaion to these
features, the occlusion image contained performénes (e.g., the direction a player may run) aalll fposition to
provide explicit multiple-choice options in thrggés of simulation: action, direction, and pasgpieat. For action
simulations, participants were presented with tlagsssment options from which to choose: paset shdlribble
the ball. For both direction and pass-recipientgations, participants were presented with 3 tegkeasment
options marked on the occlusion image (see FigBiaasd 4, respectively). Video simulations were pnésd to
participants via Qualtrics.com, an online surveysite using Adobe Flash

(www.adobe.com/products/flashplayer.html) to digpladeo files. Immediately after watching each dde
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simulation, the multiple choice options were présdron-screen as radio buttons. Participants vielgeiials of
each simulation type.

Participants received an email containing a lmkhte survey website inviting them to participatéer
providing informed consent and checking their cotapaould display Flash Video, participants congdiethe
OASSIS using a computer with internet access (atdipme) within two weeks of completing ExperimgAt
Participants first completed three training tri@ise for each simulation type (i.e., action, di@ttand pass
recipient). Feedback was not provided during tregridut participants were permitted to watch thpscthore than
once until they understood the task fully. Duriegtttrials, participants watched each video clipedinom a
defensive perspective, and were instructed to ipatie the action, direction, or pass recipient—adelpgg on the
trial type—by selecting one of the presented optidrhey were instructed to complete each trialugskty and
accurately as possible. After reading and agregirigese instructions, participants were automiyigaided
through the 45 test trials, which were presente@diom order. A final score was computed by cating the
number of trials answered correctly (maximum scodb). The score was not made available to padidigpbut
they were invited to contact the experimenter émdback.

Analysis and Results

Option-Generation Measure$o assess construct validity between the OASSatlae more time-
demanding option-generation task, we used data Experiment 1A. Specifically, the anticipation seefrom
Experiment 1A were used as measures of assesseréotnpance. Additionally, the numbers of task-relgvand
task-irrelevant options generated during assesspterge decision making of the option-generatiok fiasn
Experiment 1A were used as measures of option-géaoarbehavior.

Before conducting the analyses, we examined the titken by each participant to complete eachriest t
to determine whether players had completed theiteakcordance with the instructions. Three membétke
skilled group were excluded from the analysis beeaheir average time fell more than two standaxdadions
outside of the mean. In two cases, we speculatddhk individuals may have found a way to watateuiclips
more than once since the time taken was more tbable the average time. In one case, the time takeabelow
average, such that it would have been impossiblthioparticipant to have viewed each video clifisrentirety.

The times for the remaining participants were cstesit with having watched each video once and tbgponding
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to each question within a few seconds. Therefaatg ttom 16 skilled players and 17 less-skilled/pta were
included in the subsequent analyses.

A one-way (between-participants: skilled, lessiskij ANOVA was used to detect a skill effect on
OASSIS performance; Coherdsvas used to estimate effect size. The skilled g(di= 28.06,SD=4.21)
anticipated the outcome significantly more frequietitan the less-skilled group(= 24.12,SD= 4.94),F(1, 31) =
6.06,p = .020,d = 0.86. Pearson’s correlations were used to iipegst whether performance on the OASSIS
predicted performance on the assessment versithre afption generation task. Since data from thesopt
generation task had been analyzed in the previxpsrienent we used a Bonferroni correction to adjostalpha
level (.05/2 = .025). Anticipation accuracy scooasboth tests were correlated<.35,p = .040) but only
approached significance when we applied the Boofiérmorrected alpha level.

Pearson’s correlations were also used to invastighether construct validity could be establishgd
examining the relationship between performanceherQASSIS and the numbers of task-relevant/taskeivant
options generated during Experiment 1A for assesstrials using the option-generation paradigm. As
hypothesized, the number of task-relevant opti@megated converged with (i.e., was positively esldb)
performance on OASSIS € .49,p < .010). Additionally, we also hypothesized a dijent (i.e., negative)
relationship between the number of task-irrelevgoitons generated during assessment and perfornoante
OASSIS. Although a negative relationship was obserit was not statistically significant£€ —.22,p = .220). The
significance of these correlations was not affegtedn the Bonferroni-corrected alpha level was iadpl

Discussion

Experiment 1B demonstrated partial support fonidlédity of the OASSIS as a tool for assessing
perceptual-cognitive skill in soccer. Although fttaxhal temporal-occlusion tasks have been useaérious
research to differentiate between skill groups @&leernethy, 1990; Abernethy & Russell, 1987), to knowledge,
this is the first time that an online version aktharadigm has been used to capture skill-badttatices in
anticipation performance. Furthermore, we demoteddrthat anticipation accuracy on OASSIS correlaitiés
anticipation accuracy on the more in-depth optienegation paradigm (see Ward et al., 2013). Howehier
correlation only approached significance when weemed for multiple contrasts. Subsequent resestrohld

further examine these issues using a new and indepé sample.
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Most importantly, perhaps, this is the first tichatt construct validity has been demonstrated basede
theoretical predictions about underlying cognitivecesses facilitating skilled performance. We exgpa
anticipation accuracy on the OASSIS to convergediverge, respectively, with the numbers of tadkwrant and
task-irrelevant options generated on the assesgphaste of the option generation task. This wasgigrt
supported. Performance on the OASSIS was significeglated to the number of task-relevant optigeserated (it
also trended negatively with the number of tasél@vant options generated, as we had hypothesizei)in turn
provides further support for the use of LTWM-typechanisms to facilitate skilled performance, asuiggested in
Experiment 1A. A limitation of the research was mtained access to many highly skilled players. Futasearch
should examine these relationships among indepé¢maeinarger samples of skilled and low-skilledyple.
Moreover, future research should investigate thelsgionships among even more highly skilled atdde.g.,
professional-level players).

Another limitation of the OASSIS in this researchsthe use of only assessment-phase stimuli. In the
assessment phase, the actual outcome can be ubedcasrect answer on trials; this simplifies sigering process,
and makes for an easy-to-use, applied tool. Amietdion-phase version of the OASSIS, however, doatjuire
more complicated scoring; future research shouwldstigate this by creating correct responses &ahtion-phase
situations as agreed upon by domain experts. $usisabeen done in this experiment, an intervesgi@se version
could be evaluated by establishing the discrimirgagiower between skill groups. Furthermore, thati@hship
between performance on this test and performantiefogeneration on the intervention-phase of thioop
generation task could be used to assess the yadid#in intervention-phase test. Future researohldlinvestigate
expanding the OASSIS to cover both assessmentéenyéntion phases.

In conclusion, given these limitations, the optgemeration paradigm (described in Experiment 1Ay ma
be the best predictor of perceptual-cognitive skiBoccer. However, given that it is not likelylie used by domain
professionals, Experiment 1B has demonstratedhlkeaDASSIS may be a useful diagnostic tool in ige@. The
data demonstrate that the OASSIS is a useful t’@gsessing perceptual-cognitive skill (i.e.,@pétion) in
soccer. To our knowledge, this is the first timtea with such high usability and accessibility lesen empirically
validated. Although future research is needed tthéuw explore the utility of the OASSIS under diffet situations

(e.g., intervention-phase soccer situations) andiféerent skill groups (e.g., younger playerspfipssional-level
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players), this research suggests the use of theSTB\for this purpose is promising and further itigzgion is
warranted.
EXPERIMENT 1C

Given that Experiment 1B demonstrated the utilityhe OASSIS at discriminating between skill groups
and its predictive and convergent validity relativeghe option generation test, our final aim wasdmpare its
predictive power relative to other domain-generajritive tests. In prior research that has examthedelative
contribution of domains-specific skills and domaiereral abilities to soccer skill, researchers hgareerally found
that domain-specific skills have more predictivevpo. For instance, Helsen and Starkes (1999) regdhiat adult
expert and novice soccer players did not diffenigicantly on many domain-general measures, sudinagle
reaction time, peripheral reaction time, visualreotion time, static acuity, dynamic acuity, mesagiuity, and
horizontal and vertical peripheral range. Howeeapert soccer players were quicker and more acetian
novices when deciding what to do next in a socelated decision task. Likewise, Ward and Williar28(3) found
similar results when comparing performance of soptayers ranging from 9- to 18-years old on dongeneral
and domain-specific tasks. That is, the scoreherdomain-specific skills tests—specifically, aittion and
situation assessment—combined to predict skill-gnmembership. Domain-general ability tests, incigditatic
and dynamic visual acuity, stereoscopic depth seitgj and peripheral awareness did not contriiatéhe
significant model.

The domain-general tests used in these two, ang other studies were primarily visual-perceptual in
nature. In a recent meta-analysis of 20 studiemayag the basis for superior visual, perceptuati eognitive skill
across multiple sports, Voss, Kramer, Basak, Prakasd Roberts (2010) found that domain-generatitiog
abilities contributed to a small, but significaktllseffect. Their results showed a skill effect frognitive processing
speed ES= 0.67,p < 0.05) and varied attentional paradigaS€ 0.53,p < 0.05), such as the Paced Auditory
Serial Addition Task (Gronwall, 1977) and the Eeksarrow flankers task (Eriksen, 1995). When avextaarross a
number of studies, skilled athletes scored higlnetests of cognitive processing speed and attetttimm less-
skilled counterparts.

In Experiment 1C, to examine whether the valid@&ESIS test was amongst one of the more useful
predictors of skill in sport, we sought to addrsssargument put forth by Voss et al. (2010)—theatayal cognitive

abilities (as opposed to visual-perceptual abdjti@re also predictive of skill. More plainly, atigh previously
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observed effects have been noted as being smilibdsithletes tend to demonstrate higher genemghitive
ability. We examined whether performance on OASRIGd predict skill group membership, over and abov
measures of domain-general cognition, specifidhlbge that tap into the constructs identified bg&and
colleagues.

Because Voss et al. (2010) found the largest effiedtests of cognitive processing speed and aitgnive
selected a robust, and very short, test of domeaireal cognition that is significantly related ésts that tap into
these constructs—the Berlin Numeracy Test (BNT; épkGalesic, Shulz, Ghazal, & Garcia-Retamero,228te
Appendix A). The BNT was designed to measure sisdisnumeracy and risk literacy and is a briehust
psychometric measure of domain-general cognitiankély, et al., 2012). It is also significantly pretilve of more
in-depth measures of attention (e.g., Working Mgn&pan; see Unsworth & Spiller, 2010) and cognititadity
(e.g., Raven’s Advanced Matrices Test; see Ravedn)2

Anticipation and decision making in soccer, andgenance on the OASSIS, require participants to
mentally map out actions and players over spacdiared For this reason, it is conceivable that aergeneral
measure of spatial skill might also predict soctélt level. Accordingly, we included the Mental Rtions Test
(MRT-A; Vandenburg & Kuse, 1978) (see Appendix B)aadomain-general cognitive predictor in our asedy
This test is a reliable and valid measure of gdrsgratial skill (Wright, Thompson, Ganis, NewcomBegKosslyn,
2008). Consistent with Voss et al. (2010), we etgeethat performance on the BNT and MRT-A wouldlexp
some of the variance in skill level. However, weogbredicted that anticipation accuracy—as measwed
OASSIS—would also predict skill group but would &ip more variance between skill groups than thaalo-
general measures.

Method
Participants

The less-skilled group comprised 35 male recraatievel soccer players, 13 of whom also partitgidan
Experiment 1B and 1A. The skilled group compridesl 16 NCAA Division | soccer players from Experirh&B.
Again, in order to prevent alpha inflation duehe use of the participants in previous experimenis analyses
were Bonferroni corrected. Participants were reéeduvia email and on a voluntary basis.

Materials and Scoring
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The BNT (see Cokely et al., 2012) contains fourchsynetrically validated questions to assess Statist
numeracy and risk literacy (see Appendix A), whigre formatted in Qualtrics.com survey builder tiegrants
answered questions by typing a proportion or peéeggninto a response box. Each correct answer wasiad one
point. A final score was calculated out of fourmgsi

An AutoCAD-redrawn version of the original MRT (s€andenberg & Kuse, 1978) was used in this
research. This updated version is referred to@dtRT-A (see Peters et al., 1995). This versiortaios electronic
images that were clearly defined and easily corbfmtiith the Qualtrics.com survey builder. The MRT-
contained 24 items (as in Peters et al., 1995)eBkoh item, a target shape and four response-ogiiapes were
shown to the participant. Two of the response-opsioapes were identical, but rotated versionsefalget shape.
The remaining two response-option shapes were demtical shapes to the target shape. Participagits required
to select the matching (i.e., rotated, but idetitishapes from among the response options. Follpwia procedure
described by Peters et al. (1995), participantsptetad three training items with feedback befomapleting the
scored items. The 24-item test was divided into 1®eatem sets and participants were given threautas) which
was displayed on a timer, to complete each seticRents were awarded one point for each identbalpe
identified. Given that there were two possible eotranswers for each of twenty-four items, a fswre out of
forty-eight was calculated.

The OASSIS, and scoring method, were the sameszsibled in Experiment 1B.

Procedure

Participants received an email containing a lirik thirected them to the Qualtrics.com survey coirtgi
the tests. Participants completed the BNT and thetMRT-A. Participants who had not participated®Experiment
1B then completed the OASSIS. Instructions for éashwere provided immediately prior to that t€strticipants
completed all tests by clicking the mouse to sedptions and/or typing in responses. During thestele “back
button” was disabled, preventing participants frcimanging their responses. When participants finisdiethe tests,
they were thanked for their participation and thesey ended automatically. Participants were néd tdhascertain
feedback or re-do any test questions, though fyzatits were invited to contact an experimentefdedback on
their scores, if they so desired.

Analysis and Results
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Since data on OASSIS performance had been anallyzbd previous experiment we used a more
conservative alpha level (.05/2 = .025). A logisgression analysis was conducted using scorastfre OASSIS,
BNT, and MRT-A to predict skill group membershiphieh was dichotomous. To compare the relative dmuntion
of the domain-general cognitive tests and OASSt®pmance, the beta weigh{g) @ssociated with each variable
were compared. Performance on OASSIS was a signffigredictor of skill group membership=£ 10.81,S.E.=
4.51,p =.020). The BNTA = -0.04,S.E.= 0.04,p =.340) and MRT-A£ = -0.57,S.E.= 0.40,p = .160) were not
significant predictors of skill group membership.

Discussion

As hypothesized, performance on the OASSIS expthinore variance between skill groups than domain-
general measures—even the types of variables plgelil by Voss et al. (2010). We take this as evidehat the
OASSIS is a more valid predictor of soccer skibhgp membership than domain-general measures. Tagsks
demonstrate that the OASSIS is perhaps the mo#ilus#ine tool for predicting the skill level obscer players.
Consistent with previous research (see Helsen &&$a1999; Ward & Williams, 2003), our results gest that
domain-specific skill—namely anticipation skill—isore predictive of skill-group membership than doma
general measures of cognition. This is at leastése for the general cognitive measures selegttisi research.
Although access to highly-skilled players was difft to secure—as is often the case in expertiseareh—future
research should endeavor to replicate the discativie power of the OASSIS among new and indepersleiht
groups to provide more substantiation to the clginesented in this manuscript. Again, this wasrétéition in this
research. Furthermore, future research shouldeaisluate whether training perceptual-cognitivel skil the
OASSIS improves performance on both representtdiskes and on the soccer field. Such research would
demonstrate the utility of the OASSIS stimuli natyas a predictor of soccer skill, but as a singsid useful
platform for training perceptual-cognitive skill gfoccer. Lastly, future research should evaluaev#tidity of
OASSIS-type tools in other complex and dynamic dosyevhere the perceptual-cognitive skill is a cati
component of skilled performance.

Conclusions

Across a three-part experiment, we offer theoaktiontributions to the area of decision-making in

complex and dynamic domains—particularly those thidize option generation to explain superior pemfance.

We also provide an empirically validated and appt@ol for capturing perceptual-cognitive skill. f@timent 1A
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supported the notion that individuals typically geate few options (i.e., 1-3) when anticipatingppposing
player’s action, and when—as the player with bakdesting a course of action to pursue themselvdsitidnally,
there was a non-significant trend in the data ssijjyg that generating more options—regardlessaif thsk
relevance—was negatively related to performancenduhe intervention phase (see TTF; Johnson & R2003).
In particular during the intervention-phase, thiestieve reduction of task-irrelevant informationrgsponse to time
constraint by participants of both skill groups gests that performance was facilitated by a meshatiat reduces
towards fewer intuitive options. The initial resgercontained task-relevant options, and subsequgetierated
options (heeded during additional permitted tinma} tvere mainly task-irrelevant. For this reasoa expect that
the TTF heuristic may provide a usefukscriptionto naturalistic decision makers in sport and otteenplex and
dynamic domains (i.e., reducing the generatiordaiteonal, and specifically, irrelevant informatisassociated
with higher performance and higher skill). The tesshowed that these trends were stronger dunitggviention-
phase trials than for assessment-phase trials. Hoaweven during assessment, the generation of fewwk-
irrelevant options was associated with higher perémce and skill.

Despite support for the prescriptions that are psegd by proponents of TTF, the results from Expenim
1A are more consistent with the hypotheses of Véaal. (2013) and may provide a be#gplanationof expert
performance in this context. The numbers of tagévent and task-irrelevant options generated wereerstrongly
related to performance and skill—in the directipngposed by LTWM theory (i.e., a positive/negatigkationship
between the numbers of task-relevant/task-irrelegptions and performance; see Ward et al., 201B&r-5imply
the total number of options generated (cf. Johi&&aab, 2003). This may have implications for tnain Instead
of emphasizing a reduction in the amount of infdioragenerated toward one single intuitive optias fhay be
beneficial according to TTF, or at least extrenmemd of RPD), emphases should be placed on idemgifys many
of the relevant and/or threatening decision altiaraa in the environment/situation as are availabtgle reducing
the task-irrelevant information. These resultscamsistent with having a good situational represtéon during the
assessment phase, which will likely facilitate stten of a high-quality response during the inteti@n phase (see
Ward et al., 2011).

In the intervention phase, the skilled group geteetraignificantly fewer options than the less-kll
participants and the total number of options geedraended negatively with performance, which a@ktas

support for a TTF-like mechanism (see Johnson &Ra803; Raab & Johnson, 2007). Only by evaluating
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competing hypotheses regarding the direction of¢hagionship between the number of options gerdraheir
relevance, and performance were we able to drawlasions regarding which theory—TTF or LTWM (Ward e
al., 2013)—better accounted for the data from a&ssesnt- and intervention-phase trials. Based omitiadyses, we
concluded that the data were consistent with thegyf mechanisms proposed by LTWM theory. However,
results do not conflict with thgrescriptionof TTF during the intervention phase (i.e., thetidion-making during
the intervention-phase would likely benefit frorkitey the first option generated).

Experiments 1B and 1C provide support that a nelafively simple online test of perceptual-cogrétiv
skill in soccer—OASSIS—showed some promise as gndistic tool. . Four key findings were observed:
Performance on OASSIS (a) differentiated betwedhgoups and, hence, known-groups validity was
demonstrated; (b) was correlated with anticipatioouracy during assessment-phase decision makittgeaption-
generation task—albeit fell marginally below thereoted significance level—hence, provided someatere
evidence for its predictive validity; (c) was cdated with an independent measure of option geioeratrategy
use, providing convergent validity with respecthiie underlying cognitive processes supporting perémce—and
therefore offers some utility in terms of diagnagstrategic deficiencies in perceptual-cognitividl;sknd (d) was a
better predictor of skill level than domain-genaredasures of cognition that have been identifiedipusly as
characteristic of both general and sports-spealitity. In future research, we plan to replicdtege findings with
an independent sample, extend the research byapéwglan intervention-phase decision making version
OASSIS, conduct an item analysis on the OASSIS aiadia given its diagnostic capability, develop daptive
version that maximizes usability and efficiencyeréby increasing its appeal to both the sciengifid applied
communities.
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Info. type Skill group Time constraint ~ No time cbraint Both time conditions
Number of Task- Less-skilled 4.35 (1.97) 4.71 (2.44) 9.06 (3.80)
options relevant Skilled 6.11 (2.23) 6.84 (2.03) 12.95 (3.27)
generated Cohen’sd d=0.84 d=0.95 d=1.10
Task- Less-skilled 5.59 (2.32) 6.88 (3.95) 12.47 (5.41)
irrelevant Skilled 3.47 (2.52) 3.79 (2.78) 7.26 (4.20)
Cohen’sd d=-0.72 d=-0.90 d=-1.08
Total Less-skilled 9.94 (3.01) 11.59 (3.68) 21.53 (6.00)
Skilled 9.58 (2.91) 10.63 (3.50) 20.21 (6.12)
Cohen’sd d=-0.12 d=-0.27 d=-0.22

Table 1: Means (standard deviations) of numbertgpel of options generated by the high- and ledkedigroups

during assessment-phase trials.



Info. type Skill group  Time constraint  No time cbraint Both time conditions
Number of Task- Less-skilled 4.88 (2.62) 4.18 (1.98) 9.06 (3.93)
options relevant Skilled 5.79 (1.58) 5.63 (1.92) 11.42 (2.63)
generated Cohen’sd d=0.42 d=0.74 d=0.71
Task- Less-skilled 5.53 (2.67) 7.29 (2.93) 12.82 (4.63)
irrelevant Skilled 2.68 (1.83) 3.58 (2.52) 6.26 (3.53)
Cohen’sd d=-1.25 d=-1.36 d=-1.59
Total Less-skilled  10.41 (3.00) 11.82 (2.88) 22.24 (5.14)
Skilled 8.47 (2.44) 9.32 (2.96) 17.79 (5.01)
Cohen’'sd d=-0.71 d=-0.86 d=-0.88

Table 2: Means (standard deviations) of numbertgpel of options generated by the high- and lediedigroups

during intervention-phase trials.



ACCEPTED MANUSCRIPT

Figure 1: Anexample of acritical decision moment in avideo trial. Dark options were deemed task-rel evant by an

expert panel. Light options are examples of other options partici pants may generate, but were deemed task-

irrelevant.
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Figure 2: The occlusion image (A) and a sampl e response sheet (B) for the sametrial. Note. A solid arrow denoted
the player movement, a dashed arrow denoted ball movement. X and O were used to mark the position of defensive

and offensive players, respectively.
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Figure 3: An example occlusion image from a Direction trial of the OASSIS.
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Figure 4: An example occlusion image from a Pass Recipient trial of the OASSIS.



Highlights
*  Weprovide support for LTWM theory in soccer performance.
*  Weevauate LTWM theory and the TTF heuristic.

*  Weintroduce an online test of perceptual-cognitive skill in soccer.



Appendix A: The Berlin Numeracy Test (BNT; see Cokely et d., 2012)

1)

2)

3)

4)

Out of 1,000 people in a small town 500 are members of a choir. Out of these 500 members in
the choir 100 are men. COut of the 500 inhabitants that are not in the choir 300 are men. What is
the probability that a randomly drawn man is a member of the choir? Please indicate the
probability in percent.

%

Imagine we are throwing a five-sided die 50 times. On average, out of these 50 throws how
many times would this five-sided die show an odd number (1, 3, or 5)?

out of 50 times.

Imagine we are throwing a loaded die (6 sides). The probability that the die shows a 6 is twice as
high as the probability of each of the other numbers_ On average, out of these 70 throws how
many times would the die show the number 67

out of 70 throws.

In a forest 20% of mushrooms are red, 50% brown and 30% white. A red mushroom is poisonous
with a probability of 20%. A mushroom that is not red is poisonous with a probability of 5%.
‘What is the probability that a poisonous mushroom is red? Please indicate the probability in
percent.

%




Appendix B: The Mental Rotations Test (MRT-A; see Vandenberg & Kuse, 1978; Peterset al., 1995) (page 1 of 6)

MENTAL ROTATIONS TEST (MRT-A)
This test is composed of the figures provided by Shepard and Metzler (1978), and 1, essentially, an Autocad-
redrawn version of the Vandenberg & Kuse MRT test.
CMichael Peters, PhiD, July 1995

Please look at these five figures
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Note that these are all pictures ofthe same object which is shown from different angles. Try to imagme
moving the object (or yourself with respect to the object), as you look from one drawing to the next.
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Here are two drawings of a new figure that 1s different from the one shown n the first 5 drawmgs. Satisfy
yourselfthat these two drawings show an object that 1s different and cannot be "rotated” to be identical with
the object shown in the first five drawings.

Two ofthese four dmawings show the same object.

Now look at
this object: Can you find those two? Puta big X across them.
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1f you marked the first and third drawings, you made the correct choice,




