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Abstract
PurposeExaminevisual functionof soccer playersf differentskill level andplaying
position.
Methods: Hte players from a EnglishPremier league soccer clum=49)and intermediate
players(n=31)completed a assessmewin a Nike SPARQ Sensory Station stfatic and
dynamic visual acuity, contrast sensitivity, accommodatasgence facilitytarget capture
and perception span.
ResultsTherewas no difference between elite and intermeditdgersfor all measures.
However,competitivesoccer players (elite, intermediatk)l exhibitbetter performance in
acuity-based measures visual function and accommodativergence compared to a
population of healthy non-athletic adults (n=230). With regards to player posi¢femsive
playersshowedquicker accommodativeergence facility compared to offensive players.
Conclusion: Visual function afompetitive soccer playeis superior to normthletic adults,
but deesnot differentiateahe eliteandintermediateplayer. However, defensive players do
exhibitfaster accommodativeergencdahan offensiveplayers We suspect that this particular
visual function is advantageous figfendergiven the geater demantb continuallyshift

gaze between players located at near anibations.

Key words: visual function soccerglite, playing positionaccommodativerergence
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Introduction

The importance of vision arrélatedprocesses (e.g., oculomotomtml) in sport has
long beerexploredandled many tesuggest that enhanced visual functiacilitates
performancegCiuffreda & Wang, 2004; Faubert & Sidebottom, 2012; Gao et al., 20dZg|,
1995; Poltavski & Bidedorf, 2015%/oss, Kramer, Basak, Prakas Roberts, 2010 For this
reasorit has been recommendd#thtathletes haveegularvisual functionassessment
(Erickson, 200y andundertakevision training as part of theaverall developmental program
(Clark, Ellis, Bench, Khoury, & Graman, 2012e@eau, Ozer, & Seit2014;Kim, Seitz, &
Watanabe, 20)5However,t is not unanimously acceptédat better than normal visual
function(e.g., static acuity, dynamic acuiperipheral awarenesis essential tathletic
performancdAbernethy & Wood, 2001)yith researchersuggestingontextspecific
processege.g.,field-basedanticipationand decision-makinggre moramportant in
differentiaing experts from novices (Abernethy, Gill, Parks, & Packer, 20lliams,
2000.

In reviewing the literatxe on visual function and training in sport, Hazel (1995)
suggested that equivocal findings could be explainatédgefinitions used to determine

group membershiffor relatedissues of inteparticipant variabilityseeWard & Williams,

2003),as well & comparisons of various sports that have different visual requirements and a

lack of consideration for the individual demands of player position. Indelexdk it is well
accepted that theghysical characteristicand demands placed athletes such asxccer

players differas a function of playing position (e.g., Reilly, Bangsbo, & Franks, 20t€g
hasbeenlimited consideratiomegardingvisual function for examples from other sports see
Wimshurst, Sowden, & Cardinale, 2QXlemishet al, 2017. This is surprising, particularly
in invasion sports, where player position dictatpedormer’stactical role and thus the types

of behaviour requireth a givensituation For example, inaceran offensive player is
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primarily tasked withinvading the opponent'’s territoiry orderto score whereas a defensive
player attempts toontain space and regain ball possession to avoid conceding goals. Thus, it
is conceivable thahe demands of player positionsoccemay coincide withspecificvisual
abilities.

In the current study, we explored the visual functbinglishpremier league (first
team and LR1) and intermediatkevel soccer players (university scholars and varsity-
standard), who had predomingndefensive (goalkeepers/defendarsdffensive
(midfielders/forwards) roledmportantly, his isthe first studyto provide a comprehensive
assessment of visugnction in a group of elitsoccer playersvho perform at the highest
levelfor a clubin the English premier leagué/e assessed rangeof visual functionghat
areconsideredErickson, 200yimportant for sport performance (i.static and dynamic
visual acuity, contrast sensitivity, accommodatreegence facility, perception span, target
capturg. Following a comparison of the visual functiohsoccer playergelite vs.
intermediate)we made durthercomparison between these data and those from adasade
assessment of a healthgn-athleteadult population using the same apparaiar{g et al.,
2015).

Given the exploratory nature of the study and the novelty of the sample, we did not
haveexplicit hypotheses regarding the visual functadrelite compared to intermediate level
soccer players (see also Klemish et al., 2017). However, in accord with thal diexckéng
that athlete have bettevisualfunction than norathletegGao et al., 2015; Hazel, 199%)e
did expect competitive soccer players (elite and intermediate) to pev&iten on a number
of visual assessments compared to normative data. Fiwallgnticipatedhatany player
position differences in visual functiamould reflect the tactical roles of offensigempared

to defensive players.
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Method
Participants

There were 49 expert players from an eieel premier league soccer club (first
teamn = 21, under-21/erven = 28), and 31 intermediatevel players undertaking a soccer
scholarship programm( 15) or competing for their university at varsity standard (.6).
Thecohortincluded goalkeepers/defenders and midfielders/forwards, which werepdiach s
into defensive and offensive groups, respectivelyesdefensiven = 24, elite-offensiven =
25, intermediatelefensiven = 10, intermediate-offensive= 21). The mean age was 21
years and 7.5 months (age range between 16 and 39 years). If requireghgpdstivere to
arrive for testing with their corrected vision eyewear. None of the gaatits indicated any
perceptual or neurological comorbidities, and all gave consent to participate in@ptioat

was approved by the host Unisgy’s ethics reiew committee.

Apparatus and Task

Visual function was assessed with a Nike Sensory Station (Nike Inc., BegueR)
consisting of a central computer controlling two high resolution liquid crystalagis
monitors (55 cm diagonal display; 105 cm towsehsitive diagonal display with the height
adjusted to player eye-level). An Apple iPod tdti¢Apple Corporation, Cupertino,
California) was wirelessly connected to the central computer and prowipkeidfor several
of the visual assessments. Custom prdpry software controlled the stimulus displays, input
response and data recording. Pre-recorded instructions combined with visual deémosistra
were issued prior to each assessment with the option to replay upon request oicipamgart
Participants wre instructed to closely follow both the instructions and demonstrations. Prior

to assessment they received practice trials to become fully aware of theotzeskupe.
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Assessments

Participants completed a total of nine assessments, which took a maafriwsemty
five minutes (for more detail see Erickson et al., 2011; Wang et al., 2015). Howékhehe
cohortof soccer playerstudied here, we were only interested in the assessments of visual
function and not those that depended on a speeded response from the upper limb. Acuity-
basedassessments€., visual clarity, contrast sensitivity, depth perceptjorearfar
guickness, target capture) involved participants standing 4.8 m (16-ft) perpendicbkar t
sensory statiorfrom wheretheygave their responssesing the iPod touch. Perception span
required participants to select targets that were presahsath’s length from the touch
screen.

Visual Claritymeasuregbarticipants discriminaton of a staticoptotype (i.e., Landolt
ring). Stimui were presented at screen cemiréh a gap missingttop, bottom, left or right.
Participants were instructed to swipe on the iPod touch device in the direction aptieng
size of the ring was increased or decreased depending on the selection ofexoeses as
determined by custom proprieyastaircase reversal algorithiviisual clarity was completed
in both monocular and binocular viewing conditions, although onliather is reported

Contrast Sensitivityneasuredhe ability to detectlifferencesn brightness at

particular spatialrequenciesAn array of four black outline circles wpsesentedone of
which contained concentric ring patterthat varied in brightness aisgatial frequency6 or
18 cycles per degre@) accord withareversal tircase algorithm. Participants had to swipe
in the direction of theircle containing the concentric ring pattern.

NearFar Quicknesmeasuredhe speed of accommodativergence facilityas the

participantmade binocular saccadic responses to impgsented at near and far distances
A black Landolt ring was alternately presented on the liquid crystal digplayog units

above acuity thresholdee measure of Visual Claiitgnd the iPod touch screen (acuity



121  equivalent to 20/80) for 30 second&aricipants were instructed to swipe in the direction of
122  the gapSuccessive stimuli were presented only after a correct response was given.

123 Target Capturerovided ameasuref dynamic visual acuityParticipantsnitially

124  focusedon a central black fixatiodot at the centre of the screen. A Landolt ring then

125 appearedn one of the four corners of the screen (0.1 log units above acuity threshold) at 52
126 cm from the fixatiordot (visual angle of 6.18%articipantsnade a binocular saccadic gaze
127  shift to thetarget in order to identify the direction of the gap, which was recorded by swiping
128 on the iPod touch screehheLandoltring presentation timdecreased following a correct

129  response. fie time where the gap could be successfully identified was recordeesisold.

130 Perception Spameasured the visual information that performers could process and

131  recall following a limited time period. An array offilled circles (19mm diameter) was

132  presented surrounding a black fixation dot at screen centre. A series of datppbaredn
133  a select number of the circles for a period of 100 ms. Participants weretiedtio recall the
134  number and location of the dots by touching the screen in corresponding circles. The number
135  of dots and circles were increased following a correct response. The totarmfrobrrect
136  dot selections was recorded at a 75% correction threshold.

137

138  Data Management and Analysis

139 Thedependent masuredeatured equal betweagroupvariance across the groups
140 (ps>.05)(Levene’s test)Theprimay data analyis involveda 2 Level €élite, intermediate)
141 by 2 Position ¢ffensive, defensiyebetweeameasures Analysis of Variance. Significant
142  interactioneffects were decomposed using Tukey HSD post hoc procedigréficancefor
143  all statistical testwas declared ai < .05.

144

145
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Results
Thegroupmeanand standard deviation data are shown in Tabf@dall butoneof
the measures, there was significant main effeatf level and position, ar alevel by
position interactior{ps > .05). There was, haver,a significant main effect d?osition for
nearfar quicknesskE(1,76) = 4.48p < .05,partial n*> = .06, indicating faster accommodative-

vergence facility in defensiveompared to offensivelayers

[Insert Table 1 about here]

While there werano differences betweeslite and intermediatkevel soccer player#
would be premature to conclutleat better than normalsual function is not important to
soccer performance. Therefousjing onesample zests we compared thentire group of
soccer players (n = 80) with normative data taken fitmeiealthy nonathlete adult
population (n = 230; 105 males, 125 fematbat were testedith the same apparatus
(Wang et al., 2015). The group means and standard deviation data are shown inTtable 2.
resultsindicated that soccer players tagerior performanceompared to noathletedor
visual clarity = 3.41,p < .01,d =.53), contrast sensitivity at 6CPR£ 3.49,p<.01,d=
.45), contrast sensitivity at 18CPBP<5.91,p < .01, d = .89) andnearfar quicknessz=
6.06,p < .01,d=.60. There werao significant differencef®r target capturez= .60,p >

.05,d =.04) and perception span<1.17,p > .05,d=.13).

[Insert Table 2 about here]
Discussion
The present study examintgtke visual function o$occer players dfifferentskill

level (elite, intermediate) anglayingposition (defensive, offensiyeAcross a range of
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assessments of visual function in a confeax¢-settingi.e., Nike SPARQ Sensory Station),
we found ndifferences betweeour elite and intermediate player§he lack ofskill level
effectin visual function extends upon previous work that has reported no diffefssteesen
soccer playersf generally loweskill levels formeasuregcluding, static and dynamic
visual acuity, saccadic response speed anglpenal field(sem-professional vs.
recreationalHelsen &Starkes, 1999, elite youth vs. recreational yowtard & Williams,
2003). Importantly, bwever, this is the first stydo provide a comprehensiassessmeruf
visual function ina large sample ditill professional soccer players performigthe highest
possible standard.

In terms ofplayer position, we found that speed of accommodatirgence facility
(as indicated byearfar quickness) was significantly better in defensive than offensive
players. Bing able to quickly shifjazeand rédocusbetween neaandfar locationsis said to
be important irdynamicsports Ciuffreda & Wang 2004; Coffey & Reichow, 1990; Coffey
& Reichow, 1995; Gao et al., 2015), dmaks beershown to differentiate volleyball players
(advanced vantermediate) iom nonplayers Jafarzadehpur, Aazami, & Bolouri, 2Q0as
well as being a prediot of actual performancm Division lice-hockeyplayers(Poltavski &
Bidedorf, 2015). Rsults from aeneralision trainingexperiment with Olympidevel field
hockey plgers found that goalkeepers (i.e., defensive playing position) exhithiged
greatest improvement an“focus flexibility” task, which involvedshifting gaze between near
(arm’s length) and far (3m) distantteread optotypes (Wimshut al.,2012).The authors
explained this effect with reference to the fiett goalkeepers in hockey spend mouire
of thegame moving their eyemound the pitch to follow the ball, and thus betedifrom
training ona taskrequiling a continual change in netar foaus. Analternative interpretation
is thatdifferences in neafar quickness could have beetated tcan asymmetrical

prevalence oédbnormalities in basic oculomotor functions. While prudeiaissesses
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vergence and accommodatiorfuture work it is noable that a Levene’s test (see Methods:
Data Management and Analysa) the current datadicated<20% unit difference in the
Coefficient of Variation between groups, and thus no significant differencehimvgroup
variance In addition,it is also pagsible that that there could have been sofigence of
selection bias as a resultfofmingthe groups of defensive and offensive playkeosn the
entire sampléi.e., not randomly allocated).eRlicaton of the currenstudy witha wider

range of playes and clubs itherefore warranted.

In soccerdifferences in the demands of defensive and offensive playing paai@on
likely to influence gaze location. Defensive players are responsible for ensuritigethat
‘offside trap’ is not broken, and thus e® quickly change the gaze locatiororder to
perceive and coordinate withtherteammateswhilst remainng vigilant of opposing players.
This contrasts with offensive players who benefit from looking at the besblgosption to
increase the chang®f scoring (i.e., pass, dribble, shoot), and thus do not need to make as
manygaze changdsetween near and far locatiolsnpirical supportfor adifference in gaze
location as a function of the situational demands on defensive pdagdehas been
reported in videsimulations(Roca, Ford, McRobert, & Williams, 2013). For instance, when
a skilledplayeroccupied a defensive viewpoiiatr from the ballthey exhibiedalarge
number of short-duration fixations to surrounding opposing playerseantmates
However, when the defensive viewpoivas located nedo the player with the balgkilled
participantsnadea small number of long-duration fixations tarefocused on that player.
Theauthors suggested that visual search behaviourcfamging gaze locatiophcombined
with contextspecificcognitive processs(e.g., pattern recognition) underpins the superior
anticipation and decision-making @kpert soccer players

Of interest, the results also indicated that our cohort of soccer plalisrsatd

intermediates) were significantly better than the population of healthgptidetic adults on



221  all measures ofisual functionexcept target captuand perception spamhe lack of

222  difference between groups in target captwoeld appeasurprisng given that soccer

223 involves interaction with a rapidly moving ball and surrounding players. Howeir, it

224  questiomblewhether the ability to respond with a binocular saccadic gaze shift to the sudden
225 appearance of a static optotyp®videsan adequate test of dynamic visual acuity demands
226 ininvasion sport (Poltavski & Bidedorf, 20L%\s for perception span, which requires the
227 individual to divide attention and remember the location of stationary obijeets,is a lack

228 relevance to thdynamic visal environment experienced by soccer playirdeedit is

229  more likely thatoeing able to keep track of multiple objects moving in depamisportant

230 visual functionfor elite soccer players (Faubert, 2013).

231 While our comparison between soccer players and normative data did not take into
232 consideratiorthe fact that the latter includdth males and females, it has been reported that
233 thisindividual differencds more likely to influence measures involving coordinated and

234  speededhand movementsatherthan visual sensitivity and oculomotor contf@lang et al.,

235 2015. Thereforea reasonable explanatiéor thegroup differenceseported herés that the

236 demands of soccer, whether playing in a defensive or offensive paitorelite or

237 intermediatedvel do in fact favour participants with visual functitivat exceed those of

238  healthy nonathletic adults. Thisonjecturds consistent witta number of studies that have

239  reported differences in a range of visahilitieswhenexpert athletesra compaed with non-
240 athletesDi Russo, Pitzalis, & Spine]l2003; Faubert, 2013; Gao et al., 2015; Overney,

241  Blanke, Herzog, & Burr, 2008/0ss, Kramer, Basak, Prakash, & Roberts, 2610).

242  interesting issuéor future work will be to determine if some of thevadtagsin competitive
243  soccer players amelated to more regular uptake of eye examinadiwh use obptimal

244  visual correction.
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In terms of practical implications, there is growing evidenceabpécts of both
general visual function and specific visual processing abilities can bevetpthrough
training (forreviews see Appelbaum & Erickson, 20P&ge, Causer, Wilson, Gray, &
Williams, 2013. For instanceaccommodativerergence facilityvasimproved in both
healthy nonathletic adults (Krasich, Rager, Holton, Wang, Mitroff & Appelbaum, 2016)
and intermediatéevel University softball players (Appelbaum, Lu, Khanna & Detwiler,
2016). However, these same authors found that measures of visual sensitivity (ak., visu
clarity and contrast sensitivitgid not improve with specific practi¢ef. Deveau, Lovcik &
Seitz, 2014). Based on these and other findings in invasion sports (Wimshurst et alit 2012),
would seem worthwhile to both assess accommodative-vergence and devise training
programmes when ¢hne is needor improvement. Such training programmes should consider
the extent to which the underlying dynamics and timing of accommodagirgence can be
improvedusing stimuliwith high fidelity to the physical (Harle & Vickers, 20(Rage et al.,
2013) or cognitive (Faubert & Sidebottom, 2012; Romeas, Guldner, & Faubert, 2016)
demands of specific soccer player positions (Vaeyens, Lenoir, Williams niiazy
Philipaerts, 2007).

In summarythese are the first datasbowthat whileelite and intermedia soccer
players do nodliffer in various measures of visual functi@occer playerdo exhihbit better
visual performance than the populatiorheilthynon-athletic adultsin addition, we found
thatdefensivesoccer playerbave a faster accommodativergence facility compared to
offensiveplayers Together, these findingsiggesgaze controtould be important in
dynamicinvasion sports, where it is necessary to move the eyes and thus attention in an

optimal way to facilitate perception of relevantarmation.
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Table 1. Mean data (+ SD) as a function of level (experts, intermediate) ationpos

(defensive, offensivevisual clarity {t. log transforn), contrast sensitivity (6CPD, 18CPD)

(% log transform), near-far quickness (number of correct responses), targee ¢apyr

perception span (number of dotg)) indicates an effeaf position.

Experts Intermediate

Measure Defensive Offensive Defensive Offensive
Visual Clarity _21(.10) -20 (.12) -20 (.14) -19 (.09)
Sens(i:t(i)\zg/?%tCPD 2.28 (.19) 2.20 (.24) 2.19 (.22) 2.26 (.21)
Sensﬁi‘\’/ﬁg:alsécpr) 1.62 (.20) 1.66 (.21) 1.60 (.13) 1.64 (.24)

QZ'I‘Z?(ZFG?S . 29(5) 25 (7) 29 (4) 27 (6)
Target Capture 305 (129) 299 (148) 280 (164) 275 (108)

Perception Span 38 (13) 35 (13) 39 (9) 36 (8)
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Table 2. Mean data (+ SD) for soccer players (n=80) and non-athletes (1{w288) clarity
(ft. log transform), contrast s&tivity (6CPD, 18CPD) (% log transform), nefar quickness
(number of correct responses), target capture (ms), perception span (nudtisy.df)

indicates a significant difference.

Measure Soccer players | Non-athletes
Visual Clarity* -.20 (.112) -.14 (.15)
Contrast Sensitivity: 6CPB 2.24 (.22) 2.14 (.25)
Contrast Sensitivity: 18CPD 1.64 (.21) 1.45 (.28)
NearFar Quicknes$ 27 (6) 24 (5)
Target Capture 292 (133) 287 (132)
Perception Span 37 (11) 38 (11)
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Footnote

1. Responses to the depth perception test could not be analysed due to technical slifficultie

2. It could be relevant to assess sonselomotor abilities in goalkeepetsut here we did not
have a sufficient number to form a group (n=8). Observation of their data indicaied val
that were within the boundaries of the distribution obtained by outfield playershégye-
Coordination: goalkeepeange= 46.8-55.4, outfieldM = 53.0 (£ 3.5) Reaction Time:
goalkeeper range 329-385 ms, outfiel = 357 ms (x 34), Responsemi& goalkeeper
range= 402640 ms, outfieldVl = 443 ms (x 64). Future work, potentially involving the
pooling of data from across premier league clubs or similarly elite go&lissep required

before any firm conclusions can be drawn.
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