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Abstract

The aim of this study was to examine whetherceptual variablesan provide
informational constraint®or thegoalkeeperso intercept the ball successfulty 1vl dyads.
Video images of 42 actions (1v1 in direct shetsfe selected randomly from different
matchesand divided intaconceded goals (n=20) and saved actions (nte?Ryestigate
interceptive actions of 20 goalkeepers in the English Premier League in s@&3e2024.
Time to Contact (TTCYf the closing distance gap between shooter and goalkeeper was
obtained by digitisin@ctions in theL8-yard penalty boxStatidical analyses revealed that,
in sequences of play resulting in an intercepted shot at goal, goalkeepers olesed d
outfield playess in theX axis, whereas when a goal was conceded, there sigaificantly
delayed movement hyoalkeepers toward the shersin this plane. The results oanonical
correlationsshowed that decreasing distance betweeshaoterand goalkeepegnd
accompanied reduction in relativderpersonaVelocity followed a temporal pattern
Findings of this study showed how perceptiokeyf informational constraints on dyadic
systenrelations such ad TC, interpersonal distance and relativedocity, constrairelite

goalkeepershterceptive actionglayingan important rolén successfuperformance



I ntroduction

Therole of goalkeepers in assation football hagxpandedignificantlyin recent years
with many coaches expéaat) them toact like a sweeper and a last line of defeiites new
role requires a complete awarenebavailable space and timBueto spatial constraints
andthe need for a good interpersonal coordination between playgoalkeeperawareness
of the position®f otheroutfield playerds essential for successfutrformance. In fact, the
modern goalkeeping in football requires perceptibimf@rmation prospectiveljor
successfuinterception of the ball in the penalty box. The need for utilising infoomdkiat
is acquired from the dynamic performance environment lzetpmalkeeper to plan action
accordingly.Thetheoretical rationale fgperformanceemphasimg the importance of
identifying the keyperceptual variables that regulate behaviaudifferent performance
environmentshas beensuggested in previous studies (e.g., Craig et al Z2@&Isbergh &

van der Kamp, 2000, Savelsbergh et al., 2010).

The coupling between perception and action has been widely emphasised in dcologica
dynamics, aurrenttheory ofperformancen sportand physical activity which emphasises
the persorenvironment scale of analysis in underdiag human behaviourg @.,Gibson,
1979; Aradjo et al, 2006; Passos et al., 2008). According to Gibson's {h6@8) ofdirect
perception there is a diremhd cyclicalink between humaperceptual systermend
environmental events (Gibson, 197B)omthis perspective, theis sufficient information
for the control of actionm theinvariant and variant feature$ anenvironmentOn the

other hand, the environment is informatiich and the role aheorganism is to use seek
and use it to support different actions (Gibson, 1938jne ptential perceptual variables in
suchperformance situations are time to contact (TTC), interpersonal distathcelative

velocity.

TTC information has beepreviously proposed as an importarformational constraint on

the organisation of interceptive actiomesg,Correia, etl., 2011; Davids et al., 2002



Travassos et al., 20;lBootsma et al., 1997; Lee, 1998) agpeciallyin the coupling

between perceptioaction(Lee, 1976) Savelsbegh and Bootsma (1994) have proposed
three task constraints ftire successful couplingf actions with environmentabjectsand
actions:contact withanobjectat anappropriate moment in timat anappropriate velocity
andwith theintended spatial aentation All of these elements are important componeits
perception-action coupling during dynamic interceptive actiGnigjinally TTC was

proposed to bebtained through a solid visual angle that is formed between performer's
visual system andnobjectapproaching at a constant velocikpown as the optic variable
tau(Lee, 1976)but its conceptualisation has changed over time (e.g., Correia et al., 2011

Watson et al., 2011).

An importantfeature of TTC is its dynamic nature. In fact, theralivays a conditionally-
coupled (van Geert, 1994ys¢em in gamedue to continuous changestiie relationship
between competing and cooperatpigyersover time A performer's perception ain

opponent's movemetould be considered as a seriemit#rconnected and highly
integratedactiors whose sub-componertannot be studieseparatelyduring performance

(van Geert, 1994F-or example,n an attackerdefenderyadic (1v1)system competing in
football, continuoughangsin TTC provideinformaton (affordance®r opportunitiesfor a
playerto continuously regulatgoaldirectedactions with respedb an opponent's actions

(Vilar et al., 2014). Previous work has shown hbese perceptual variablggeract to
influencethe criticality of a dyadystem. That is, when these variables reach specific values,
they carenhancehe probability of a suddetransitionin the organisationatate of the

dyadic systemleading to successful performance outcomes for one of the system members

(Araujo, Davids, & Hristovski, 2006).

Previous studie have examined the role of TTC, interpersonal distance and relativeyelocit
on successful interceptive actions in tegports (Correia, et al., 2011; Passos et al., 2008;
Vilar et al., 2014)For exanple,Correiaet al. (2011) studied the spatimporal variable

tau for pasisig in rugby union. They calculated tau of the distance motion gap beaveen



ball-cartying attacker an@ defender. Positional data were analysed based on the first
attacking player who received the ball (first receiver), the defendaygip(defender)
marking the first receiver and the attacking player (second receivemaséived the ball
from the first receive(i.e. received the pass under analysi$e time period was considered
as the key period of approach where the gap was closing between the firgrracdithe
defender It begarwhen the first receiver obtained the ball (initial tau vaare) lasted until
he passeit to the second receivéfinal tauvalué. Theresults revealed that the initial tau
value predicted 64% of the variance found in pass duraggarded asdicative of the

type of pass)Their data showed that the TTC between the attablatperformed the pass
and his markinglefender may yield fiormation about future pass possibilities and constrain
the type of pasthat emerge during performance. Passos et al. (2008) identified
interpersonal distance and relative velocity as relevant variables leadjoglitative
changes imnattackerdefender system in rugby unicfhey reported that value of 4m of
interpersonal distance was likely to lead to a successful outcome for a defdrefegsv
when this variable increased in value to betwe@m6the outcome was finely balanced

between attacker and defender.

The dyadic systerformed between goalkeepr and an approaching attackars not been
studied so fam in open plays during competition, rather thandntrolled experimental
conditions,when a goalkeeper has to face a diegtacker ima 1v1 situation. In fact,
previous studiem footballhave focusednostlyonthe penalty shootout and the role of
visual perceptiomising theocclusion paradigms, eye tracking technologies and virtual
reality settings (Savelsbergh al., 2010; Bakker et al., 2006; van der Kamp, 20@a6hat
work, decision-making and anticipation times have been examined according to
performer's ability to pick up angseinformation to plan for an action based upon
informationprocessing stage$hese situations hagemedrawbacks. Firstheir designs
havetended talecouple perceptual processes from actions on relevant external objects

(Fajen, et al., 2008), and secotitkir performance outcomes were often discrete and could



not show how a performer used environmental information continutustgulatespecific
actions (Correia et al., 2013)e&ently Lopes et al(2014) used motion analysiseégamine
the role of kinematic information on the direction of the ball in performdndeg the
penalty shoot-out. They reportdtht some variablegspecially in lower parts of the body
(e.g. foot angle, kicking speediada significant correlation with the direction of the ball
before thanterception of thdall. Their findings to some extentepresent the dynamic
nature of coupling between perception and actions during goalkeéf@regwe sought to
investigatethe exploratorynovemenstrategies of goalkeepeashile continuously using
information toregulateperformance behaviouts provideinsights regarding themergence
of successfuand unsuccessful attempugring competitive performance in more open and
dynamic situatios. The specific aim of this study was to examinbketherinformational
variables identified inprevious work on dyadic systems in team spodald predict the
emergnt performance behaviousstween a shooter agdalkeepein footballin situations
with different performance outcomé&/e hypothesised that motion gaps betwaen
goalkeeper and shter inthe X and Y axesvould differwhen performance outcome
resulted in saved shots and concegieals In addition, we expected to observsignificant
relationship betweewalues ofinterpersonal distance, relative velodityd TTCwhen these

different outcomes emerged

M ethods

Design

The design of this study wasosssectionalin which TTC between goalkeeper and
shooter performing in a dyadéystem was recorded and compared betweaditions with

an outcome ofaved and concedgdals

Participants

Video images of 42 actiorfsample rate 25Hz)nvolving 20 elite goalkeepefom the
English Premier Leaguwvere sele@d randomly fronall matchegseasor2013-14)on the
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basis of concedegbals(n=20) and saveshots(n=22).Theimageswererecorded from

match broadcastingn theSKY SportTV channellnclusion criteria were) being the first
choicegoalkeeper of a tearii) being part ofa 1v1 dyad system between a goalkeeper and a
playershootingthe ballat the goaliii) involving direct shotsowarda goalkeepemithout
deflection by other players, and igtcomes leading to eitheoncededjoalsor saved

shots.Ethics committee of university approved all stages of this study.

Procedure

Calibration of a pitch was carried out with Kinovetware(v.8.2, USA). For each
calibration scene there wei@ur known points that were obtained according to the real
dimensions of 1&ard and éyard boxes, determined by Fédération Internationale de
Football Association (FIFA). A perspective grade was used to calibiateox based on 4
defined points that were on the parallel lines relativbédoye-line and touch line. For
examplefor the 18-yard boxthe definé points for calibration to meter were KXo, Yo), P
(Xo, Y409, P3 (X5 Yo) and P4 (%65 Ya09. In each actiosequencethe movement
trajectories of ahooterand the goalkeepevere digitizedoy theanalysingthe centre of
mass of eacplayer that was projectaxh the groundh each framelmage coordinates
obtained from digitisation were transformed to pitch coordinates faragelysis using a
two-dimensional direct lirr transformation method (Abdakiz & Karara, 1971;
Travassos et al.022). The time window for tracking movements was determined from the
positioning of a shooter before the momentfoat-ball contact. TTC of thclosing distance
gapbetween shooter and goalkeep&s obtained by applying formulae of taukfxivhich
involvedthe ratio of the dimnce between the shooter and goalkeeper (xjreniatter's
current velocity X) in both longitudinal (X; parallel to the touch lines) anaizerse (Y;
parallel to the byline) planes(Lee, 1980)NegativeTTC valuessignify that thedistance
motion gapwasclosingbetween the players in the dy&kcauséhe initial time was

different between actions, thus mean tau and final tau were consideredHer &nalysis.



Relative velocity was calculated for both X and Y axe®rding to the distance changes

between attacker and goalkeeper over time ax(ly=x(t-1) / At.

Eight actionsequencesvith thesame participants bothconceded and savednditions

were selectefbr assessing the reliability of the systefwo experienced observers
collected data on two occasions witbhneweek time interval. We used measurement error
as a method for calculation of reliability because it consitherslifferencebetween two
raters orthe same scaleather than the associati between two data s€tSoto & Mascie
Taylor, 2009). The results showed good imtater reliabilities for recording mean TTC
valuesin both X (r=0.98 SEE=2.12) and Y (r=0.955EE=1.98) directions. In addition, good
inter-rater reliabilities for recording mean TTC valuedoth X (r=0.93SEE=3.54) and Y

(r=0.97,SEE=4.27) directions were reported.

Data analysis

Considering the space and time relasibatween the goalkeeper and theater, not only

TTC, but also relative velocity and interpersonal distanege regarded as candidate
actionrelevant variables informing goalkeepers abouadapted positioning needed for

goal saving. The variabilitgf TTC values over time was calctdd by means of continuous
point-by-point variability band (James, 2004). For the purpose of this analysis, the last 20
video framedefore the kickingf the ball by an outfield player were considerEdis time
window was selected according to average duration of an outfield playepésitioning in
the 18 and 6 yards boxaatil striking the ball.The criteria used to set these points’
boundary for each period was to comply with the mean percentage of points corresponding
to each perid for all the trials (Mata points 20.5 SD =+9.29).Independent t tests were used
to compare the TTC values between saved and concedectgodisons. Canonical
correlationwas used to associate relatitretweerthe perceptual variabe Alphavalues

for all tests wereletermined at 0.05.

Results



Figures 1 and 2 show the point-pgint variability of TTCin X and Y axes for both
conceded and saved conditions. The result afidependent t test showed that thess a
significant difference (t=2.33, p<0.056= 0.20) in mean TTG between conceded and saved
performance outcomek sequences of play resulting in an intercepted shot attheal,
goalkeepers closed down the outfield player (Mgan -2.92, SD= 10.42whereaswhen a
goal was concededoalkeeperslid not(Meany,, =0.64, SD= 12.42). The result af
independent t test failed to show any significant difference between esh@ddan,, = -
0.50, SD= 1.23) and saved (Mgan=-0.25, SD= 5.12) conditions in meai Qy (p>0.05).

TTCy values for both conditions differed from 80-160mefore the final strike.

****Ejgure 1 near here****

**E+Ejgure 2 near here****

Figure 3 shows the time evolution of average compound correlations betwepersuaal
distance and relative velocity goalkeepers and kickers in both X and Y axes timilpoint

of final ball strike in two conditions (conceded goalsd savedhotg. The results showed
that in both conditions there was a temporal pattern in utilisingidggdtenperceptual
information to adjustvhole body movements. In the saved shot conditia,critical time
period 760480ms before the final strikand less than 80ms before the final strikere

were significant correlations (0.8995) between interpersonal distance and relative velocity
In theconceded goalsondition (0.610.76), the temporal pattern was shorter (760-680ms)
in the initial partof dyadic ystem interactiongnd was longer (less than 200ms) just before
the final strike. The results of Z Fisher transformatiorst@sb showed that there were
significant differences correlationsanalysedetweerthetwo conditions at 40m&=-2.07,

p<0.05)and before the final strikgZ=-4.62, p<0.05).

****Eigure 3 near here****

Discussion



The aim of this study was to examine the role of TTC and etir@ableswhether
informational variables, identified in previous work on dyadic systerteaim spds, could
predict the emergent performance behaviours between a shooter and goalkexylealin f
in situations with different performance outcomelse resultsevealedhe utilisation of
TTCx as a predictor variable feuccessful interception of thalbby goalkeepers 1v1
dyads. On the other hand, when goalkeepmgalatedheir displacemenaccording to the
shooter's motion to close down the dmtween thenthey successfully intercepted the ball
In contrastdelayed adaptive behaviours to reduhe gap witlashooter increased the
chanceof agoalbeing conceed Figure 1 shows that the goalkeeperthessaved condition
started to closdown the gap witlthe shooter earlier amdaintained th@arrow gap before
the final strike (negativé@TCx). However thel TCy values for both conditions were very
similar at the moment of thignal strike andat40 msbefore the final. It seems that adaptive
movemenbehaviours of goalkeepeia response tthe continuous movement of an
approachinghooterdribbling the ball, dependn how goalkeepsradjust body motion in
response to upcoming events, attemptingitamisethe distance to an attacker with the ball,

displaying anegative Tawduring theentire action

These data showed that TTC is a varidbédcan be picked up andilised bygoalkeepers

to adapt thie actiors according tahanges in informational constraints of a performance
environment (Correia et al., 2011). From this perspective, our data sughesierC might

act as an affordancerfa goalkeeper taitilise inregulaing the gap withan approaching

shooter in footballa few moments before the final strike. This idea suggests that a
goalkeeper and shooter in football can be conceptualised as a conditionally-coupled dyadic
system. Our resulfgropose that the performer's perceptioamimmediat@pponent's
movemerd shouldoe consideredy looking at coupled actions rather thaolated ones

(van Geert, 294). On the other hanthaintaining interpersondlistance valueandrelative
velocity in a goalkeepeshooterdyadc systemallows skilled athletes to engage in

exploratorymovemenbehavious for successful ball interception.
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Another explanation of current findings relates to the pattern ofiaddgghaviours in a
dyadic systemAlthoughthe entire sequence of actions was less than a sec@6@ (0s),
we believat was enough to demonstrate haffiordancesnight be guidingyoalkeepers
actions when facingn approaching attackesith the ballin thepenaltybox. The adaptive
behaviours of goalkeepers were continuousfikely stableandregular aparatsome
moments othetime series (see figures 1 and his kind of adafive behaviourcould
representhe effect of expertis@ coupling perception aractionin football Montagne
(2005) suggested thtite acquisition o& functionainformatiorraction coupling requires a
large amount of practice and it is expected dukaptive movement behaviourstbis group
of goalkeepers, manyith experieceat aninternational levebf performance would be
regular and consistenegardless operformance outcomes (sheved or concedegbalg.
In fact, with high level of spatl and temporal awareness and gaealing, expert
performers can adapery easilyto changes in the performance environnsenthey become

attuned to relevant affordancesconstrairtheir actiors (Araujo, et al., 2006).

The results showed tham both conditionsthere was a temporal pattern in utilising dyadic
systemperceptual information to adjust the whole body movement. According teshks
of canonical correlatigin the savedhotcondition thehighest association between
interpersnal distance and relative velocity watsserved between 78B0ms before the
final strike and less than 80ms uptte final strike In the concededoal condition the
temporal pattern was shorter (760-680ms) in the initial part, and was |loeggethhn 200ms
up to final strike just before the final strike. These findirigdicatetheexistence of a
critical time scale in utilisation of TTC information to guide thears of goalkeeper©n

the other hand, GKs in saved shot conditions, represeiegssful actios, tried to use

information earlier anfbr longer than in the concedgdal condition.

It seems thathe continuous coupling between perceptual information and movement is a
successful strategy farGK in a dyadt systemin football. Gakeeperdlirectly perceived

the changes in the géyetween them and a shootégth the ball toregulate theirelative

11



velocity in orderto intercepta shot at goalThisfinding may be considered as supporting a
key notion of ecological dynamics theory: tieect link between perception and action in a
dyadc system Yilar et al., 2014. Because of time constrainthis direct linkbetween
perception and action in goalkeeping hgdpsformergo explore the erikonment in order to
reduce the gap withn approachinghootetfor successful interceptioihis is consistent
with data fromPassos edl. (2008)thatshowed a significant relationshigtween relative
velocity andrelativedistance betwegparticipantdn anattackerdefender dyad in rugby.
They suggested that relative velocity may have been used for explorataipmzeaind
actions due téhe changes in direction and speedofth players to maintain their geal
directed behaviours. Another importdimtding of this study was a temporal pattern in
adaptive behaviours (e.gelativevelocity). This finding may suggest that there is a critical
period for goalkeepers to close down the gap with an approaching at@iteal periods
have been defined ésief windows during which a system’s organization is most open to
modification from external and internal influences, such as informationatraints of
perceptual variables @¥ids, Button & Bennett, 2008Nhengoalkeepers adapt tine
actions accordig toinformational constraints, theinal position relative tothat of an
approaching shootavith the ballreveals emergemtdaptive behavioysee figure 3)Thus,
atturement to relevanperceptualzariables supposttheirfunctional positioning indrms of
time and spacéeingan important factor for goalkeeping because of the dynamic nature of
dyadc systens formed with an approaching attackenalkeepers in saveshots conditions
demonstrated the strongest correlation between interpedistaaice and accompanied
velocity changesear tathefinal strike However due tahe small sample sizim this study,
the findings otthecanonical correlatiagshould be interpretedith cautian until verified by

further research

The findings of tis study have some implications in talent developmentgamatkeepers
training.Onerelevantmplication is tohelp learnerd®ecome progressively more attuned to

functionalperceptual informatiom 1v1 situations by manipulation of task constraiht

12



promote opportunitiew search for and fin€unctional perceptiomctioncoupingsin 1vl
situations Perceivingthecritical values of variables likéherelative velocity for intercepig
the ball should be emphasisedask performancso thatplayersbecome capable gicking
up relevant information for proper positioningask constraints in goalkeeping should be
manipulated with developing goalkeepers to facilitate thegirch for and attunement to
TTC values to regulate their action&riability of practice task constrainfisr goalkeeping

is recommended to acquire the necessary skiflsaspectively guide interception of a shot

on goalfor a successful interception.

Since the actual timing for a goalkeepeattaptpositioning andnovementelocity is time
constraird, it is suggested that goalkeepshsuldpractice interceptive actions in
representative performance situatigAsadjo et al., 2007; Pinder, et al., 2014i}h similar
time constraintso adapto atcritical moments of inteeptive behaviours. This is very
important for understanding the timeededor closing down an approachisooter in the

penalty box.

In conclusion, the findings of this study showed that perceptiorfaimation on
interpersonal distance and relative velocity prowfferdances fronrmovements obutfield
players providing,constrained the elite goalkeegesctions and played an important role in

succesful interceptiorof a shot at goal

Future studiesould attend to understanding how less skilled goalkeepers, such as
developing athletes, explore perceptual variables, such ag TTC, and relativevelocity
in 1vl dyads. Research shoaldofocus on more complex situations to examireertile of
information for successful goalkeeping. For examiplis, could involvaestinga
goalkeeper's ability to intercept the ball when there are more outfsldrp in the scene or
in situationswvhenthe final strikes are precedbs furtherphase®f action (e.g. pass 1,
pass2, etc.). These situations could prouskefulinsights about the complexity of

performanceenvironmens in team gamesnd the roles of experience and practice as

13



important factorén emergent behaviours gbalkeepersOnelimitation of this study that

could be addressed in futiiesearctwas about the location of players in global space. Like
time, space can provide useful information regarding subsequent actipegaRwple, entry

to the penalty box from the centre can provide very diffgperformancesituatiors relative

to entry from tle right or left sides of the box. The viewing angle to close down the distance
between a goalkeeper aad attacker can provide very different perceptual information
sources for the performers order to understand the role of sparcthese dyadic syste
interactions, future studies could consider the location of outfield pleglats/e to the

position of agoakeeper
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