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An examination of perceptual-motor recalibration in a 1-vs-1 anticipation test
Ricky Wilsona, David Alderb, Matt Miller-Dicksc and Jamie Pooltonb

aDepartment of Curriculum and Quality Enhancement, University of Portsmouth, Portsmouth, UK; bCarnegie School of Sport, Leeds Beckett 
University, Leeds, UK; cSchool of Sport, Health and Exercise Science, University of Portsmouth, Portsmouth, UK

ABSTRACT
This study examined the processes of perceptual-motor calibration/recalibration of defensive football 
players in a 1-vs-1 scenario. Ankle weights were used to reduce the acceleration capabilities of players 
performing an anticipation test, with the aim being to examine the player’s response to the disturbance 
in terms of when movement was initiated and the impact on the mechanisms that underpinned 
anticipation, namely gaze behaviour. The ankle weights disturbed the perceptual-motor system and 
players initiated movement significantly earlier in the 1-vs-1 anticipation test. Analyses of perceptual- 
motor calibration/recalibration revealed that players acted closer to their maximal action capabilities 
prior to the addition of ankle weights, which negatively influenced the scaling of action capabilities. 
Moreover, players were unable to recalibrate whilst wearing ankle weights. However, following the 
withdrawal of the ankle weights, players were able to recalibrate within 11–15 trials. Players did not 
adapt gaze behaviour as a result of the disturbance being placed on the perceptual-motor system, but 
task familiarization resulted in more efficient eye movements. The results of this study show the 
importance of providing players the opportunity to “scale” action to perceptual information.
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1. Introduction

The affordance-based control (Fajen et al., 2009) account of 
anticipation in sport proposes that the perception of opportu
nities for action (affordances) is scaled to an individual’s action 
capabilities (van der Kamp et al., 2018). Specifically, in team 
sports such as football, if calibrated, a player’s capabilities will 
guide what opportunities for action are available relative to the 
immediate environmental situation. The strong dependence 
that athlete–environment interactions have on the capabilities 
of sportspeople to act has been supported empirically by 
studying skills in boxing (Hristovski et al., 2006), football 
(Wilson et al., 2019), tennis (Mecheri et al., 2019) and parkour 
(Croft & Bertram, 2017). While action capabilities may shape the 
field of affordances available to a sportsperson (Rietveld & 
Kiverstein, 2014), these affordances still need to be picked up 
by the athlete. For this, attunement (i.e., exploiting the informa
tion specifying an affordance) and calibration (i.e., finding the 
appropriate scaling between information and action) are cru
cial. That is, performance differences between skilled and less- 
skilled sportspeople can, in some part, be attributed to varia
tions in the informational variables that are exploited in the 
control of actions (Araujo et al., 2006; Passos et al., 2008). 
Following an ecological approach, movement provides learners 
with the opportunity to both detect and discover information 
(Gibson, 1979). A player may be perceptually attuned and have 
the capability to act, but successful performance requires 
players to then “scale” the action to perceptual information 
and vice-versa (Withagen & Michaels, 2004). In affordance- 
based control theory, this “scaling” is termed perceptual- 
motor calibration (Fajen et al., 2009).

Calibration can be considered “structural” and describes 
the scaling of actions to the environment (Fajen et al.,  
2009). For example, years of practice will enable football 
players to become sensitive to their own action capabilities; 
experience offers a knowing of what they “can” and “can
not” do (Fajen et al., 2009). However, the calibration can 
also be more functional and task specific (Brand & de 
Oliveira, 2017). Whilst it has been suggested that long- 
term experience will generally calibrate a sportsperson to 
their performance environment (Fajen et al., 2009), they will 
still be more or less calibrated in certain specific situations 
(Brand & de Oliveira, 2017). On the other hand, recalibration 
happens after an acute disturbance in either perception or 
action, rendering the current perception–action relationship 
inaccurate (Brand & de Oliveira, 2017). For example, in foot
ball, when a player’s acceleration capabilities are compro
mised by fatigue, recalibration might enable a player to 
cope, relatively quickly, with the acute change (Brand & de 
Oliveira, 2017). Using the example of defensive 1-vs-1 situa
tions in football, Wilson et al. (2021) found that recalibration 
following a significant reduction in acceleration speed 
resulted in defenders moving earlier to allow more time to 
intercept an attacker’s run. It has been reported that recali
bration occurs rapidly when there is a good match between 
the action that requires recalibration and the movements 
that players make during exploration (van Andel et al.,  
2017). In sum, calibration requires experience and practice 
to scale the perception–action relationship to general or 
more specific changes to the environment (Seifert et al.,  
2021), whereas recalibration is a process that enables 
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performers to deal with more acute disturbances to the 
perceptual-motor system (e.g., fatigue).

In the sport domain, the concepts of calibration and recali
bration have exclusively been explored by way of changes in 
sporting equipment. For example, Scott and Gray (2010) 
explored perceptual-motor control adjustments in response 
to changes in baseball bat weights when facing simulated 
pitches. Batters switched from a standard bat to lighter or 
heavier bats. The switch to either the lighter or the heavier 
bats caused significant increases in swing timing errors; how
ever, batters recalibrated quickly within 5–10 trials. Nakamoto 
et al. (2012) investigated the aftereffects of the use of a heavy- 
weighted bat in a batting warm-up. Eight college baseball 
players performed three warm-ups before a simulated batting 
task: a normal warm-up with a standard bat (0.85 kg); 
a recalibrated warm-up with a weighted bat (1.2 kg) followed 
by swings with a standard bat (0.85 kg); and a weighted warm- 
up with a 1.2 kg bat. When the batters needed to correct their 
swings to changes in ball velocity, larger timing errors were 
produced in the weighted than the normal warm-up condition. 
Thus, results indicate that in the context of baseball batting, 
which has severe spatiotemporal constraints, warm-ups with 
a weighted bat create adverse effects for perceptual-motor 
calibration. Whilst the research on perceptual-motor calibration 
and recalibration from a sport equipment perspective is com
pelling, limited research has aimed to identify and assess the 
mechanisms that underpin the recalibration process.

Wilson et al. (2021) reported that fatigue induced through 
small-sided football games resulted in a reduction in action 
capabilities and defending players tended to move earlier 
when they were prospectively anticipating the change of direc
tion of an attacking player. This supported previous studies that 
found action capabilities directly influence anticipation (Brault 
et al., 2012; Dicks et al., 2010a; Mecheri et al., 2019; Wilson et al.,  
2019). Despite the importance placed on action capabilities, 
players can only safely and accurately perform near the limits of 
their action capabilities if they are attuned and calibrated (Fajen 
et al., 2009). Fajen et al. (2009) proposed that the perception of 
affordances is influenced by perceptual attunement, which 
refers to an ability to adapt and attend to different information. 
A defender in a 1-vs-1 situation in football will use vision (Alder 
et al., 2016) and action (van der Kamp et al., 2008) to exploit 
kinematic informational variables of their opponent. However, 
it has been proposed that perceptual attunement alone may 
not be sufficient for accurate performance because calibration – 
the scaling of action to perceptual information – is also neces
sary (Withagen & Michaels, 2004). For example, from the defen
sive standpoint of the 1-vs-1 situation in football, defenders will 
need to attune to certain informational variables and subse
quently, scale perception-action to these informational 
variables.

Gaze patterns offer a means to make inferences as to “what” 
information is exploited (Alder et al., 2014; Roca et al., 2013). It 
has been reported that during the penalty kick in football, gaze 
behaviours – such as the location and timing of fixations – vary 
markedly between goalkeepers early in the run-up, whereas 
gaze variation decreases at around 250 ms before ball contact 
(Navia et al., 2017; Ramsey et al., 2020). One might expect that 
with practice, goalkeepers would be more likely to converge 

towards more informative areas (e.g., about the lower leg), as 
opposed to information (e.g., torso movement) that occurs 
earlier in the kinematic chain. However, the information 
sources that players exploit during a 1-vs-1 defensive situation 
are not known. Furthermore, little is known about the process 
of perceptual-motor recalibration when changes in action cap
abilities render the perception–action relationship inaccurate. 
A novel means to address this current shortcoming in under
standing is through the examination of in-situ gaze behaviour 
using mobile eye-tracking systems. When players perceive their 
direct opponents’ upcoming actions, an analysis of eye move
ments can identify the gaze patterns that players use, and 
inferences can be made about attunement to information 
(Abernethy et al., 2012). Many gaze behaviour studies have 
focussed analysis on fixations (Alder et al., 2014; Williams & 
Davids, 1998), which are measures of an absence of eye move
ment; that is, where players are orienting their gaze (de Oliveira 
et al., 2009). Crucially, for the purposes of this study, the analy
sis of gaze behaviour offers a means to deepen the current 
understanding of the processes underpinning perceptual- 
motor calibration and recalibration.

The purpose of the current study was to examine the pro
cesses of perceptual-motor calibration and recalibration of 
defensive football players in a 1-vs-1 anticipation test. First, an 
extended period of task familiarization trials was offered to 
players to allow them to scale action capabilities to the percep
tion-action task (i.e., calibrate). Second, following evidence 
(e.g., Wilson et al., 2021) that acceleration capabilities influence 
the anticipatory actions of athletes in 1-vs-1 anticipation situa
tions, ankle weights were used as an acute and targeted manip
ulation of acceleration capabilities (see Ramenzoni et al., 2008) 
to measure recalibration. To examine the processes of percep
tual-motor calibration/recalibration in the context of changes 
to action capabilities, the current study implemented the fra
mework proposed by Brand and de Oliveira (2017), which is to 
measure performance at 1) Baseline – action without constrain
ing the motor system; 2) Disturbance – action with the motor 
system constrained; and 3) Removal – action without constrain
ing the motor system.

It was hypothesized that during the baseline phase, calibra
tion would be an iterative process, and players would be better 
calibrated to the task with exploration (i.e., number of trials 
prior to disturbance). Secondly, a reduction in 5-m acceleration 
capabilities would disturb the perceptual-motor system, and 
players would move earlier in the 1-vs-1 anticipation test as 
a result of recalibration (Wilson et al., 2021). In addition to the 
study of movement times as a feature of (re)calibration, we 
included the novel measurement of eye movements to further 
understand the calibration process. Given the lack of existing 
research examining eye movements in the context of calibra
tion, we conducted exploratory analysis of changes in gaze 
patterns, informed by extant measures in the anticipation lit
erature (e.g., location and duration of final fixation: Alder et al.,  
2014). Based on these measures, our exploratory hypotheses 
were that players would contend with the disturbance placed 
on the perceptual-motor system by an adaptation in gaze 
patterns. Specifically, it was expected that when the ankle 
weights were applied (disturbance), players would move earlier 
and, therefore, fixate on the earlier unfolding kinematic 
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information of the tester (e.g., head, torso and hips), resulting in 
an earlier onset of final fixation. Finally, it was hypothesized that 
perceptual-motor recalibration would be required when the 
disturbance (i.e., ankle weights) was applied and withdrawn, 
and in line with the baseline phase, this would be an iterative 
process, with players being better recalibrated to the task with 
exploration (i.e., number of trials in each respective phase) 
(Brand & de Oliveira, 2017).

2. Methods

2.1. Participants

Male (n = 17) college and university outfield football players 
(mean ± SD: age: 19.1 ± 1.2 years, mass: 72.3 ± 5.8 kg, height: 
1.77 ± 0.08 m) took part as participants in the study. One male 
college outfield player (age: 19 years, mass 75.2 kg, height: 1.82  
m) was recruited as the sole tester in the 1-vs-1 anticipation 
test. All participants, including the tester, averaged over 11  
years of playing experience (mean ± SD: 11.7 ± 2.8 years). The 
local university ethics board granted ethical approval 
(LB62935).

2.2. 1-vs-1 anticipation test

Anticipation was tested via a 1-vs-1 anticipation test, which was 
adapted from a basketball anticipation test, which has accep
table test–retest reliability (ICC = 0.89–0.99, Scanlan et al.,  
2014). The test mimicked the typical actions required by defen
ders in football during corners, throw-ins and free-kick situa
tions. Players responded to the movement initiation and 
directional changes of a tester. Players were required to move 
towards the tester and then match the direction taken by the 
tester (attacker without ball). Once the direction change had 
been initiated, both the tester and the player were asked to 
race to the end, which was 5-m in either direction, see Figure 1. 
The tester was instructed by the lead investigator as to the 
required direction change prior to each trial and was asked to 
initiate the change in direction within a 6-m zone. The tester 
was not permitted to purposely deceive the player and was 
only permitted to initiate a change of direction by planting 
their outside foot. That is, if the tester were changing direction 

to their right, they could only initiate a change of direction by 
planting their left foot (Scanlan et al., 2014). All trials were 
recorded on a high-speed camera (Fastec TS3, California, USA) 
at a frame rate of 240 Hz.

2.3. Pre-planned acceleration test

An acute manipulation of acceleration capabilities was required 
at the disturbance phase, with the aim being to significantly 
reduce the players acceleration capabilities but not in a way 
that completely diminished their chances of being successful in 
the 1-vs-1 anticipation test. Therefore, players (n = 16) took part 
in a pre-planned acceleration test. The test required the players 
to start 1.5-m in front of timing gates (Brower System, USA) and 
then make a 90°Change of Direction (COD) to the test end 
point, 5-m away. The players completed six trials (COD to the 
left for three trials; COD to the right for three trials) in 
unweighted and weighted conditions. T-tests confirmed that 
players were significantly slower in the COD test when wearing 
450 g ankle weights (unweighted = 1110 ± .100 ms, weighted  
= 1170 ± .70 ms, t (31) = −4.43, p < .02, d = 0.66). Overall, an 
average 6% performance reduction was observed, and it was 
determined that 450 g ankle weights were an appropriate 
reduction of acceleration capabilities.

2.4. Procedure

This study employed a within-subject test design. Testing 
procedures for each player were carried out in one data 
collection visit and testing took place on grass and 3 G foot
ball pitches. An overview of the experimental procedure is 
presented in Figure 2. Prior to participation, players were 
explained the experimental process in detail and completed 
the participant consent form. The eye-tracking glasses were 
then fitted to the player’s head (Tobii Pro 2, Stockholm, 
Sweden), and a practice calibration of the eye tracker was 
carried out. Following this, a test of the fitting and unfitting 
of the 450 g ankle weights was conducted, which were 
attached by two Velcro straps just above the ankle and fitted 
so there was space between the ankle strap and the player’s 
football boots. The players then carried out a self-paced 

6-m2-m 2-m 

10-m 

Player Tester

Camera

Figure 1. 1-vs-1 anticipation test.
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warm-up of approximately 10 minutes and then underwent 
a process of 1-vs-1 anticipation test familiarization, which 
consisted of six randomized left or right trials. As required 
by the manufacturer (Tobii Pro 2, Stockholm, Sweden), eye 
tracking calibration consisted of players fixating on a pre- 
determined target location point that was 1.5 m from their 
standing position, and calibration was repeated prior to each 
trial. Furthermore, the players were exposed to this process 
during 1-vs-1 anticipation test familiarization. All players then 
completed forty 1-vs-1 anticipation test trials, which were 
broken down into three distinct phases (Brand & de 
Oliveira, 2017) that were always completed in the same 
order: 1) baseline; 2) disturbance; and 3) removal. The base
line phase required players to complete fifteen 1-vs-1 antici
pation test trials. Prior to the disturbance phase, a 450 g ankle 
weight was attached to each of the player’s legs; players then 
completed ten 1-vs-1 anticipation test trials. The ankle 
weights were removed before players completed the final 
fifteen 1-vs-1 anticipation test trials in the removal phase, 
see Scott and Gray (2010), and more recently, Brand and de 
Oliveira (2023), for trial number rationale.

2.5. 1-vs-1 anticipation test dependent variables

Movement Time: Movement time was determined as the time 
interval from the first identifiable outside foot contact initiating 
directional change of the tester to the first identifiable foot con
tact initiating the response of the player (Gabbett et al., 2008). 
That is, if the tester was turning left, it was initiated by a cutting 
movement of the right foot. In this case, the timing and place
ment of the right foot was used to determine movement time 
and vice versa for turning right. A positive value was recorded if 
movement time occurred after the first identifiable foot contact of 
the tester, and negative value was recorded if movement time 
occurred before the first identifiable foot contact of the tester.

Tester Trial Time and Player Trial Time: Tester trial time 
was determined as the time interval from the first identifiable 
foot contact initiating directional change of the tester to the 
first frame confirming that a part of the tester’s body had 
broken the line of the endpoint marker. Player trial time was 

determined as the time interval from the first identifiable foot 
contact initiating the response of the player to the first frame 
confirming that a part of the player’s body had broken the line 
of the endpoint marker.

Action-Scaled Time: Based on the assumption that ath
letes can be sensitive to their own action capabilities (see 
van der Kamp et al., 2018), beating the tester to the end
point in the 1-vs-1 anticipation test requires that movement 
time is scaled according to a player’s perception of how fast 
they, and the tester, can travel to the 5-m endpoint. As 
such, action-scaled time was equal to (Player trial time +  
Movement time)/Tester trial time, with a value equal to or 
less than 1 implying the player was successful (i.e., acted 
within their maximal action capabilities). For example, if the 
tester requires 1 s to travel from the change of direction 
point to the endpoint (tester trial time) and the player 
(player trial time) requires 1.2 s to travel the same distance, 
then the player will arrive at the endpoint 0.2 s after the 
tester if the player initiates a movement response at the 
same point as the tester plants his outside foot to change 
direction. In this example, the player has timed their action 
outside of their maximal action capabilities. For the player 
to scale within their maximal action capabilities, the player 
must initiate a response 0.2 s earlier than the tester to 
arrive at the endpoint at the same time, and more than 
0.2 s earlier to arrive at the endpoint before the attacker 
(see Zheng et al., 2022).

2.6. Gaze behaviour

A Tobii Pro 2 mobile eye-tracking system (Stockholm, 
Sweden) was used to record gaze behaviours. The mobile 
system is a head-mounted monocular eye-tracking system 
that computes point of gaze within a scene through the 
calculation of the vector between the player’s pupil and 
cornea (Alder et al., 2014). The calibration consisted of 
players fixating on a pre-determined target location point 
that was approximately 1.5 m from their standing position. 
Gaze behaviour data were recorded at 25 Hz, and the video 
footage from the Tobii Pro 2 system was subjected to frame- 

Pre-Test 
Phase

Eye Tracking Glasses Fitted

Eye Tracking System Calibration 

Ankle Weight Familiarisation

Self-paced Warm-up (10-min)

1-vs-1 Anticipation Test Familiarisation (n = 6)

Test Phase

Baseline (n = 15)

Fit Ankle Weight

Disturbance (n = 10)

Remove Ankle Weight

Removal (n = 15)

Figure 2. Timeline of experimental protocol.
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by-frame analysis using Adobe Premiere Pro CC 2020 (San 
Jose, USA).

2.7. Gaze behaviour dependent variables

In this study, five gaze behaviours were considered: i) num
ber of fixations; ii) fixation duration; iii) scan ratio; iv) dura
tion of final fixation; and v) location of final fixation (Alder 
et al., 2014). Fixations were defined as gaze remaining at 
a location for a minimum duration of 120 ms (Alder et al.,  
2014). Fixations, i.e., the absence of eye movement allow for 
visual perception to take place (Holmqvist et al., 2011) and 
inferences can be made about the player’s attention to the 
tester’s postural information (Abernethy et al., 2012). The 
number of fixations per trial was counted, and the mean 
duration per fixation calculated. As a composite measure, 
the scan ratio was calculated as the sum of fixations per 
trial divided by the duration of all fixations in that trial. 
These measures were chosen because they highlight proac
tive gaze behaviours and would indicate that players 
sought alternative perceptual information at the 

disturbance and removal phases, respectively. The final fixa
tion was defined as the fixation that occurred during the 
time interval from the frame where the tester lifted their 
outside foot to initiate directional change to the frame 
where the foot contacted the ground, i.e., if the tester 
were changing direction to their right, the first frame that 
the tester planted their left foot (Scanlan et al., 2014). 
Duration of final fixation and location of final fixation are 
variables of interest because previous findings have signif
ied that goalkeepers converge to similar locations later in 
a penalty taker’s run-up (Navia et al., 2017). Therefore, if the 
final fixation location and timing of fixation are critical to 
performance, this might reflect better scaling of actions in 
the 1-vs-1 anticipation test. Following initial inspection of 
the gaze data, the final fixation location was categorized as 
legs, change of direction area (COD-A) and other. The ratio
nale being that “other” comprised of body segments that 
are proximal to the tester, i.e., head, torso and hips, and the 
final key postural information likely emanated within the 
COD-A, which is where the tester makes the first identifiable 
outside foot contact initiating a directional change. The 

Location Definition Example 1 Example 2 Example 3

Legs

At least half of the 
gaze circle includes 
a part of the leg from 
the hip to the foot.

COD A

The bandwidth area 
which indicates 
where the tester is 
permitted to change 
direction.

Other

Hips

The gaze circle 
seems to be equally 
split by Torso and 
Leg.

Torso

At least half of the 
gaze circle includes 
the torso from the 
Hip to the Neck.

Head

The gaze circle 
includes no part of 
the Torso and at 
least half of the 
Head.

Figure 3. Gaze behaviour locations of interest.
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definition of these locations is provided in Figure 3 and 
augmented by a visual representation.

2.8. Statistical analysis

Sample Size: Data collection for this study was severely 
impacted by COVID-19 and the national lockdown imposed 
by the UK government. A sensitivity test using G*Power 
software (v.3.0.10) (Faul et al., 2007) indicated that the 
sample size of this study (n = 17) shows a detectable effect 
size of 0.36, with an alpha of a = 0.05 and a power of β  
= 0.80.

Tester Trial Time and Player Trial Time Manipulation 
Check: Shapiro–Wilk tests of normality confirmed that the tes
ter trial time and the player trial time data both met assump
tions of parametric tests. Therefore, as a check of the ankle 
weight manipulation, tester and player differences between 
baseline, disturbance and removal phases were tested by two 
separate repeated measures of univariate analysis of variance 
and follow-up t-tests.

Movement Time: To explore the effect of the disturbance, 
differences in movement time between phases (i.e., baseline, 
disturbance, and removal) and between critical transitions 
were analysed. Critical transitions were defined as the final 
baseline trial (trial 15) and the first disturbance trial (trial 16) 
and the final disturbance trial (trial 25) and the first removal 
trial (trial 26). Shapiro–Wilk tests of normality confirmed that 
all dependent variables met assumptions of parametric tests. 
Differences in movement time between phases were tested 
by a repeated measures univariate analysis of variance and 
follow-up t-tests. To examine the distinct effect of the dis
turbance on movement time, paired-samples t-tests were 
conducted. To test the relationship between player trial 
time and movement time, the change scores for each critical 
transition were calculated (Δ movement time & player trial 
time for trials 15–16 & for trials 25–26) and subjected to 
a Pearson’s correlation analysis.

Action-Scaled Time: To analyse the process of perceptual- 
motor calibration (i.e., in the baseline phase) and recalibration 
(i.e., impact of the ankle weights at the disturbance and 
removal phases), action-scaled time was the dependent vari
able of interest. To examine the process of perceptual-motor 
calibration, a linear regression analysis was conducted at the 
baseline, disturbance, and removal phases, whereas for percep
tual-motor recalibration, quadratic regression analyses were 
conducted between the two critical transitions – baseline/dis
turbance and disturbance/removal. Regression analyses assess 
the relationship between the dependent variable (i.e., action- 
scaled time) and the independent variable (i.e., trial number). 
Following the inspection of action-scaled time scatterplots and 
using a paired-samples t-test, a general assessment of recali
bration was conducted between the last five baseline trials and 
the last five removal trials. All data are presented as mean ± SD 
and significance was accepted at p ≤ .05 for all statistical tests. 
Effect sizes are reported as Cohen’s d, with 95% confidence 
intervals (CI) of the observed effect calculated. Effect sizes are 
interpreted according to Cohen’s recommendations; small (0.2), 
moderate (0.5) and large (0.8).

2.9. Gaze behaviour statistical analysis

Initial inspection of the gaze behaviour data identified that 440/ 
680 trials (65%) were successful in locating point of gaze. The 
eye tracking system had issues locating the point of gaze in 
direct sunlight, which resulted in an 11-player sample that 
consisted of 165 baseline, 110 disturbance and 165 removal 
trials. Shapiro–Wilk tests of normality confirmed that assump
tions for parametric testing were not met for the number of 
fixations, duration of fixations, scan ratio and duration of final 
fixation. Therefore, differences in these gaze variables were 
tested by non-parametric difference tests.

Between Testing Phases: To explore the effect of the dis
turbance on gaze behaviour, differences between phases (i.e., 
baseline, disturbance & removal) were tested by using 
Friedman Test’s. Post-hoc Wilcoxon-Signed Rank tests were 
conducted for all significant observations. Final fixation loca
tion differences between phases were tested by using a chi- 
square test.

Successful Versus Unsuccessful Trials: To investigate if any 
gaze behaviour variables could discriminate between success
ful and unsuccessful trials, trials from across the three testing 
phases were identified by applying the action-scaled time 
threshold of ≤1.00 s. In total, there were 90 trials (baseline =  
27 trials; disturbance = 19 trials; removal = 44 trials). For com
parison, 90 unsuccessful trials (action-scaled time ≥ 1.10) were 
randomly selected from across the three testing phases. This 
resulted in an equal number of successful and unsuccessful 
trials at each testing phase. Wilcoxon-Signed Rank tests were 
used to check for significant differences in the number of 
fixations, duration of fixations, scan ratio and duration of final 
fixation between successful and unsuccessful trials. Final fixa
tion location differences between successful and unsuccessful 
trials were examined by using a chi-square test.

Changes in Gaze Behaviour Across Testing Phases: To 
further investigate perceptual-motor calibration, linear regres
sion analyses were conducted at the baseline phase for number 
of fixations, fixation duration, scan ratio and duration of final 
fixation, whereas for perceptual-motor recalibration, quadratic 
regression analyses were conducted between the two critical 
transitions – baseline/disturbance and disturbance/removal – 
to assess the predictivity of trial number for each of the gaze 
behaviour outcome variables (i.e., number of fixations, fixation 
duration, scan ratio, duration of final fixation). Ordinal linear 
and quadratic regression analyses were conducted for the final 
fixation location. All visual search data are presented as median 
(Mdn) and significance was accepted at p ≤ .05 for all statistical 
tests. Effect sizes are reported as Cohen’s d, which were con
verted from Pearson’s correlation coefficient (r), and 95% con
fidence intervals (CI) of the observed effect were calculated. 
Effect sizes are interpreted according to Cohen’s recommenda
tions; small (0.2), moderate (0.5) and large (0.8).

3. Results

3.1. 1-vs-1 anticipation test

Player Trial Time and Tester Trial Time Manipulation Check: 
A one-way ANOVA indicated that player trial time was 
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significantly different between baseline, disturbance and 
removal testing phases (F (2,660) = 17.65 p ˂ .01). Follow-up 
t-tests revealed that players were significantly slower in the 
disturbance phase compared to the baseline phase (t(163) =  
−2.45, p = .001, d = 0.52 95% CI [.25, .28]), and players were 
significantly slower at the removal phase compared to the 
baseline phase (t(241) = −5.37, p = .001, d = 0.46, 95% CI [.43, 
.46]), see Figure 4. There was no significant difference in player 
trial time between the disturbance phase and the removal 
phase (t(158) = 0.89, p = .12, d = 0.07, 95% CI [−.01, .01]), respec
tively. Furthermore, tester trial time was significantly different 
between baseline, disturbance and removal testing phases 
(F (2,660) = 3.33 p = .03). However, follow-up t-tests revealed 
that the tester was only significantly slower at removal phase 
compared to the baseline phase (t(241) = −2.24, p = .02, d =  
0.23, 95% CI [.22, .24]) and there were no significant differences 
in tester trial time between baseline and disturbance (t(164) =  
−0.84, p = .40, d = 0.10, 95% CI [−.12, .14]), and disturbance and 

removal (t(159) = 0.53, p = .12, d = 0.06, 95% CI [.10, .14]), 
respectively (see Figure 4).

Movement Time: A one-way ANOVA indicated that the 
movement time was significantly different between baseline, 
disturbance and removal testing phases (F (2,660) = 19.01, p  
= .001). Follow-up t-tests revealed that players initiated 
a significantly earlier movement at the disturbance phase 
compared to the baseline phase (t(163) = 3.17, p = .002, d =  
0.35, 95% CI [.13, .56]) and players initiated a significantly 
earlier movement at the removal phase compared to the 
baseline phase (t(241) = 6.13, p = .001, d = 0.55, 95% CI [.37, 
.74]). There was no significant difference in movement time 
between the disturbance phase and the removal phase (t 
(158) = 1.28, p = .20, d = 0.14, 95% CI [−.07, .39]) (see 
Figure 5). The tests of critical transitions between phases 
found that players initiated movement significantly later (t 
(16) = −2.35, p = .03, d = 0.80, 95% CI [.06, 1.52]) in the last trial 
of the baseline phase (trial 15) compared to the first 
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weighted trial in the disturbance phase (trial 16). 
Furthermore, there was a significant relationship observed 
between delta change movement time and delta change 
player trial time between trial 15 and trial 16 (r = 0.65, p  
= .004). There were no significant differences in movement 
time (t(16) = 0.20, p = .20, d = 0.07 95% CI (−.60, .74)) and 
player trial time (t(16) = 1.661, p = .11, d = 0.56 95% CI (−.13, 
1.26)) between the last weighted trial (trial 25) and the first 
trial where the weight was withdrawn (trial 26), neither was 
there a relationship observed between delta change move
ment time and delta change player trial time (r = 0.10, 
p = .15).

Action-Scaled Time: The baseline linear regression showed 
that trial number significantly predicted action-scaled time 
explaining 27% of the variance (F (1,14) = 6.37, p = .02, R2 =  
0.27). Specifically, players were closer to their action boundary 
at the end of baseline compared to the start of baseline 
(Figure 6). The disturbance and the removal linear regression 
both found that trial number did not significantly predict action- 
scaled time (F (1,9) = 0.56, p = .46, R2 = 0.06 & F (1,14) = 1.16, p  
= .30, R2 = 0.08, respectively). However, the baseline/disturbance 
quadratic regression showed that trial number significantly pre
dicted action-scaled time explaining 23% of the variance 
(F (2,22) = 3.29, p = .05, R2 = 0.23). The same analysis for distur
bance/removal was not significant (F (2,22) = 1.53, p = .23, R2 =  
0.12). T-tests revealed that there were no significant difference in 
action-scaled time between the last five baseline trials (M = 1.08  

± .01) and the last five removal trials (M = 1.06 ± .02; t(81) = 0.91, 
p = .46, d = 0.08 95% CI (−.16, .44)), which suggests that players 
action-scaled time returned to those produced pre-disturbance.

3.2. Gaze behaviour

Between Testing Phases: The number of fixations was signifi
cantly different between the three testing phases (i.e., baseline, 
disturbance and removal) (X2 (2) = 11.83, p = .03). Post-hoc ana
lysis revealed that players made significantly less fixations in 
removal compared to baseline (z = 0.52, p = .01, r = 0.27, 95% CI 
[.19, .55]). Furthermore, there were no significant differences 
between baseline and disturbance (z = 0.19, p = .27, r = 0.12, 
95% CI [.03, .32]) and disturbance and removal (z = 0.33, p  
= .06, r = 0.20, 95% CI [.10, .44]), respectively. There were no 
statistically significant observations in the remaining gaze vari
ables (see Table 1). Furthermore, there were no significant 
difference (p = .54) in final fixation location between baseline 
(50% legs; 17% COD-A; 33% other), disturbance (53% legs; 15% 
COD-A; 32% other), and removal (44% legs; 19% COD-A; 37% 
other).

Successful Versus Unsuccessful Trials: Despite small effects 
being observed, there were no significant differences in the 
duration of fixations between successful and unsuccessful trials 
(z = −1.52, p = .12, r = 0.28, 95% CI [−.01, .58]). Likewise, albeit 
non-significant, the players tended to fixate longer in the final 
fixation during successful trials compared to unsuccessful trials 
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Figure 6. Action-scaled time across the three testing phases. Action-scaled time = player trial time + movement time/tester trial time.

Table 1. Between testing phases gaze behaviour with Friedman test statistics.

Variable Baseline (Mdn) Disturbance (Mdn) Removal (Mdn) Test Statistic (X2) Significance

Number of Fixations (n) 2.24 2.05 1.72 11.83 p = .03*
Duration of Fixation (s) 0.38 0.40 0.36 1.31 p = .52
Duration of Final Fixation (s) 0.40 0.42 0.36 0.03 p = .98
Scan Ratio 2.60 2.50 2.77 1.09 p = .58

Table 2. Wilcoxon-Signed Rank tests of gaze behaviour variables. Successful compared to unsuccessful trials.

Variable Successful (Mdn) Unsuccessful (Mdn) Test Statistic (Z) Significance (ES [95% CI])

Number of Fixations (n) 2.40 2.30 −0.40 p = .68 (r = 0.04 [−.24, .33])
Duration of Fixation (s) 0.40 0.36 −1.52 p = .12 (r = 0.28 [−.01, .58])
Duration of Final Fixation (s) 0.52 0.40 −1.45 p = .14 (r = 0.25 [−.04, .54])
Scan Ratio 2.50 2.34 −0.16 p = .87 (r = 0.02 [−.27, .31])
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(z = −1.45, p = .14, r = 0.25, 95% CI [−.04, .54]). Furthermore, 
there were no significant differences between successful and 
unsuccessful trials for any other gaze behaviour measure (see 
Table 2). Furthermore, there was no significant difference (p  
= .96) in final fixation location between successful (57% legs; 
10% COD-A; 33% other) and unsuccessful trials (55% legs; 12% 
COD-A; 33% other).

Changes in Gaze Behaviour Across Testing Phases: The 
baseline linear regression showed that trial number did not 
significantly predict number of fixations (F (1,14) = 1.25, p  
= .28, R2 = 0.08), duration of fixations (F (1,14) = 0.05, p = .81, 
R2 = 0.01), scan ratio (F (1,14) = 0.21, p = .64, R2 = 0.02) or dura
tion of final fixation (F (1,14) = 0.75, p = .40, R2 = 0.06). 
Furthermore, in the baseline phase, there were no significant 
changes in final fixation location as a function of trial number: 
legs (X2 (1,14) = 7.83, p = .09, R2 = 0.10), COD-A (X2 (1,14) = 4.17, 
p = .12, R2 = 0.08) and other (X2 (1,14) = 1.01, p = .79, R2 = 0.01). 
The baseline/disturbance quadratic regression analysis showed 
that trial number predicted number of fixations and accounted 
for 35% of the variance (see Table 3). The disturbance/removal 
regression did not significantly predict number of fixations per 
trial despite accounting for 19% of the variance (see Table 3). 
However, the linear regression of all available gaze data trials 
showed that trial number significantly predicted number of 
fixations and accounted for 49% of the variance (F (1, 39) =  
37.331, p = .001, R2 = .49). That is, players utilized fewer fixations 
as trial number increased. Analysis of the three other gaze 
behaviour variables showed that trial number did not signifi
cantly explain a significant portion of the observed variance 
(see Table 3).

4. Discussion

The current study implemented the framework of Brand and de 
Oliveira (2017) to examine the processes of perceptual-motor 
calibration/recalibration of defensive football players in a 1-vs-1 
anticipation test. Ankle weights were used to reduce the 
5-m acceleration capabilities of football players, to examine 
how the players adapted to the disturbance in terms of when 
movement was initiated and how gaze behaviour changed. It 
was hypothesized that a reduction in 5-m acceleration capabil
ities would disturb the perceptual-motor system. As a result, if 
players recalibrated, this would be reflected in consistent ear
lier movement times in the 1-vs-1 anticipation test and if 
players adapted the information that they exploited, this 
would be exemplified by changes in gaze behaviours. 
Furthermore, it was expected that a recalibration process 
would be required for players to rescale the link between 

perception-action when the ankle weights were applied and 
withdrawn (Brand & de Oliveira, 2017; Scott & Gray, 2010).

Firstly, the findings of the current study highlight the impor
tance of providing players the opportunity to “scale” action to 
perceptual information (Withagen & Michaels, 2004). Players 
new to the 1-vs-1 anticipation test became better calibrated 
to the test with exploration (i.e., trials), with trial number 
explaining a significant proportion of the variance in the mea
sure of action-scaled time prior to the disturbance. As designed, 
the implementation of ankle weights resulted in a perceptual- 
motor disturbance (Nakamoto et al., 2012; Scott & Gray, 2010), 
as participants were significantly slower in the 1-vs-1 anticipa
tion test whilst wearing the ankle weights. Moreover, to con
tend with the perceptual-motor disturbance, players initiated 
movement significantly earlier in the 1-vs-1 anticipation test. 
More specifically, at the critical transition from unweighted 
(final baseline trial) to weighted (first disturbance trial) there 
was a significant relationship between the change in player trial 
time (i.e., action capabilities) and the change in when move
ment was initiated. Specifically, greater changes in players 
movement times were associated with relatively earlier initia
tion of the players’ response to their opponent (i.e., the tester). 
The disturbing effect of the ankle weights on the perceptual- 
motor system was further highlighted by the quadratic regres
sion analysis that showed that the transition between baseline 
and disturbance phase explained a significant portion of the 
variance in action-scaled time. Specifically, players acted closer 
to the limits of their action capabilities immediately prior to the 
implementation of the ankle weights and action-scaled time 
was negatively impacted by the ankle weights. Moreover, 
players appeared unable to contend with the disturbance 
within the 10 trials of the disturbance phase. The initial with
drawal of ankle weights at the removal phase seemed to act as 
a further disturbance; however, within 11–15 trials, players 
were once again operating closer to the limits of their action 
capabilities. This finding therefore appears to differ from the 
results of Scott and Gray (2010) who found that, following 
a change from heavier to lighter and lighter to heavier baseball 
bats, batters were able to recalibrate within 5–10 trials after the 
bat change.

This discrepancy in findings between the current study 
and the work of Scott and Gray (2010) supports the view of 
Brand and de Oliveira (2017) that perceptual-motor recali
bration is likely task specific. There is some evidence from 
daily perception-action tasks, such as walking and stepping 
over objects (van Hedel & Dietz, 2004) that larger distur
bances result in longer recalibration periods (van Andel 
et al., 2017). In other words, when a disturbance causes 

Table 3. Quadratic regression analysis of gaze behaviour between two testing transitions.

Variable

Transition

Baseline/Disturbance Disturbance/Removal

Number of Fixation F (2,22) = 6.06, p = .01, R2 = 0.35 F (2,22) = 2.73, p = .08, R2 = 0.19
Duration of Fixation F (2,22) = 0.09, p = .90, R2 = 0.01 F (2,22) = 0.42, p = .65, R2 = 0.03
Scan Ratio F (2,22) = 0.53, p = .59, R2 = 0.04 F (2,22) = 0.51, p = .60, R2 = 0.04
Duration of Final Fixation F (2,22) = 1.55, p = .23, R2 = 0.12 F (2,22) = 0.45, p = .64, R2 = 0.04
Final Fixation Location (Legs) F (2,22) = 0.95, p = .40, R2 = 0.08 F (2,22) = 1.59, p = .25, R2 = 0.13
Final Fixation Location (COD P) F (2,22) = 0.80, p = .46, R2 = 0.06 F (2,22) = 0.24, p = .78, R2 = 0.02
Final Fixation Location (Other) F (2,22) = 0.35, p = .70, R2 = 0.03 F (2,22) = 1.96, p = .16, R2 = 0.15
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a greater error, the recalibration period is longer. Therefore, 
the discrepancy in the time taken to recalibrate between 
the 1-vs-1 anticipation test and simulated baseball pitches 
(Scott & Gray, 2010) may be explained by the magnitude of 
the disturbance placed on the perceptual-motor system in 
the 1-vs-1 anticipation test. Returning to the results of the 
present study specifically, the results suggest that each trial 
gave participants the opportunity to move closer to their 
maximal action capabilities.

Action-scaled time (AST) is a relational measure of both a player 
and opponent’s action capabilities, which in the context of the 
1-vs-1 anticipation test is time taken to travel 5-m. Based on the 
assumption that athletes can be sensitive to their own action 
capabilities (van der Kamp et al., 2018), beating the tester to the 
endpoint in the 1-vs-1 anticipation test requires that the initiation 
of movement is scaled according to a player’s own action capabil
ities relative to the opponent. The results of the present study 
show that affordance-based control (Fajen, 2005) may offer 
a suitable approach for understanding how defensive players 
contend with situations that are characterized by spatiotemporal 
constraints (see Zheng et al., 2021). Accordingly, affordance-based 
control holds that in successful performance, players act in a way 
that action requirements do not exceed their maximum capabil
ities (Fajen et al., 2009). In the 1-vs-1 defensive anticipation task 
examined in the current study, evidence for affordance-based 
control only became apparent when a measure of the defender’s 
action capabilities and their initiation of movement was consid
ered in conjunction with the attacker’s action capabilities. 
Therefore, future work in this area will need to consider 
a measure of both the defender’s and their direct opponent’s 
maximum action capabilities and an indication of the defender’s 
scaling of their action capabilities in comparison to that of their 
opponent.

The current study is the first examination of gaze behaviours 
when changes in the perceptual-motor system (i.e., application 
and withdrawal of ankle weights) disturb perception-action during 
a sport anticipation situation. Specifically, it was expected that 
when the ankle weights were applied, players would move earlier 
and, therefore, fixate on the earlier unfolding kinematic informa
tion of the tester (e.g., head, torso and hips), resulting in an earlier 
onset of final fixation. However, there were no changes in the gaze 
behaviour dependent variables used in this study as a result of 
ankle weights being applied and withdrawn. There were less fixa
tions at the disturbance phase compared to the baseline phase 
and removal phase compared to disturbance phase, respectively. 
That is, players utilized fewer fixations as trial number increased 
and not as a result of the application and withdrawal of the ankle 
weights. As expected, players converged towards the later kine
matic locations provided by the legs compared to the head, torso, 
hips and change of direction point combined, but there was no 
difference in final fixation location between successful and unsuc
cessful trials. That is, players were just as likely to fixate on the legs 
when they were unsuccessful (action-scaled time = ≥1.00), as 
when they were successful (action-scaled time = ˂ 1.00) at beating 
the attacker to the 5-m endpoint. In the context of the 1-vs-1 
anticipation test, the legs may be viewed as “honest” kinematic 
information (Brault et al., 2012), so performance differences in the 
1-vs-1 anticipation test seem not to be explained by the locations 
of exploited kinematic information. However, when comparisons 

were made globally (i.e., across testing phases) between successful 
and unsuccessful trials, players tended to fixate longer in successful 
trials (small effect) and the duration of final fixation tended to be 
longer in successful trials compared to unsuccessful trials (small 
effect). Therefore, despite there being no difference in final fixation 
location between successful and unsuccessful trials, it is likely that 
a longer, earlier final fixation of the legs may have had positive 
implications on 1-vs-1 anticipation test performance. Taken 
together, these gaze behaviour findings show in the context of 
a 1-vs-1 anticipation task examined in the current study, adapta
tion of affordance-based control appeared to be relative to move
ment time as opposed to changes in the gaze behaviours 
measured.

Alternatively, the failure of the disturbance to have 
a noticeable effect on visual search behaviour may be a result 
of the relatively low complexity of the 1-vs-1 anticipation test. 
The test required players to anticipate the timing of an attack
er’s 90° direction change and the attacker was requested to 
change direction by planting his left foot to change direction 
right or by planting his right foot to change direction left. It is 
plausible that the kinematic information that unfolded in the 
attacker’s actions prior to this point specified their directional 
change, and participants may have attuned to this information, 
irrespective of the changes to their own action capabilities. 
Increasing the complexity of the task, for example, the inclusion 
of a ball with alternative passing options or trials containing 
purposefully deceptive actions may have resulted in greater 
changes in perceptual attunement when the perceptual-motor 
system had been disturbed, which may have manifested in 
changes in gaze behaviour. In addition, conventional gaze 
behaviour measures were used in the current study that have 
commonly been adopted in anticipation studies. It is likely that 
these variables may not adequately capture the changes in 
gaze patterns that reflect calibration. Therefore, future work 
would benefit from the introduction of new gaze measures, 
such as entropy to reflect exploration (Hacques et al., 2022).

In the current study, ankle weights were imposed on players 
to compromise their capability to accelerate. Players' immedi
ate adaptation to the disturbance was to move earlier in 
response to their opponent’s change in direction. This supports 
the assumption that athletes are sensitive to their own action 
capabilities (see van der Kamp et al., 2018). From an applied 
point of view, practitioners should therefore consider the 
impact of reduced action capabilities (e.g., fatigue) not only 
on physical performance outcomes but also on the anticipatory 
(perceptual-motor) skill of players. Time is needed to rescale 
the link between perception and action, and therefore, players 
should be given sufficient opportunity to train under reduced 
action capabilities (Alder et al., 2019). This would provide 
players with the opportunity to re-/calibrate and learn to better 
contend with disturbances of the perceptual-motor system.

Fatigue can be considered as a fast-changing constraint 
because it can change over the course of a game (Balagué et al.,  
2019). Other important constraints change more slowly. For exam
ple, action capabilities will change as a result of natural occurring 
geometric factors, such as the rapid increase in height, weight, and 
limb length during the adolescent growth spurt. Future research is 
needed to examine the processes and mechanisms of calibration 
associated with changes to constraints, which may operate over 
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different timescales. From an applied perspective, this is important 
work because perceptual-motor performance discriminates 
between players who participate in high-level football talent 
development programmes and those who do not (Deprez et al.,  
2015). There is evidence that the rapid gains in limb length during 
the period of time in which a child will experience their fastest 
growth in stature (Peak height velocity, Lloyd & Oliver, 2012) can 
lead to decrements in motor control performance (commonly 
referred to as “adolescent awkwardness”). The communication of 
improved understanding of the concepts of calibration/recalibra
tion may encourage coaches to be more patient with talented 
individuals whose performance is below expectations.

The current study was the first to examine the processes of 
perceptual-motor calibration/recalibration of defensive players in 
a 1-vs-1 anticipation setting. However, it is crucial to acknowledge 
that previous research that provided the rationale for this work was 
arguably better able to isolate the concepts of calibration/recali
bration (e.g., Scott & Gray, 2010). When adopting a representative 
design as was the case in the current study, there is a possibility 
that variables extraneous to the study of calibration/recalibration 
may have impacted upon athlete performance. For example, it is 
plausible that the kinematic information that unfolded in the 
tester’s actions specified their directional change, so players may 
have attuned to this information, irrespective of the changes to 
their own action capabilities (see also, Dicks et al., 2010b). However, 
it should be acknowledged that movement time and action-scaled 
timing error may be due to the pick-up of information, specifically, 
the player may have failed to pick-up the information that speci
fied the direction change and the timing of direction change of the 
tester. Nevertheless, the 1-vs-1, attacker–defender interaction is 
a feature of invasion sport (e.g., Football, Rugby & Basketball) and 
if such settings are to be studied in order to enhance understand
ing of performance and injury prevention (Kadlec et al., 2023), it is 
important that researchers strive for research protocols that are 
reflective of the tasks that characterize sport (Dicks et al., 2009).

In conclusion, the manipulation of action capabilities was 
found to alter the movement response of players but not their 
gaze behaviour. Therefore, it appears that adaptation of affor
dance-based control (Fajen, 2005) in a 1-vs-1 anticipation task is 
likely relative to movement time (scaling) as opposed to 
changes in gaze behaviour (attunement). A reduction in 
5-m acceleration capabilities disturbed the perceptual-motor 
system and players initiated movement significantly earlier in 
the 1-vs-1 anticipation test, which supports the notion that 
athletes are sensitive to their own action capabilities (see 
Dicks et al., 2010a; van der Kamp et al., 2018). Analysis of 
perceptual-motor calibration/recalibration via the measure 
action-scaled time revealed that players were best calibrated 
at the end of the baseline phase and the application of ankle 
weights negatively impacted action-scaled time. That is, players 
moved earlier but not early enough to contend with their 
reduced speed. Moreover, the players did not appear to have 
sufficient time in this study to recalibrate in the disturbance 
phase. However, following the withdrawal of the ankle weights, 
the players were able to recalibrate within 11–15 trials. Despite 
the results showing players not adapting gaze behaviour as 
a result of the disturbance being placed on the perceptual- 
motor system, task familiarization resulted in changes in gaze 
patterns (i.e., less fixations). The findings of the current study 

highlight the importance of providing players the opportunity 
to “scale” action to perceptual information and support the 
view that calibration/recalibration is an iterative process, 
whereby each time a perception-action coupling is used, it 
updates the informational link between perception and action. 
In sum, whether it is a negative (e.g., fatigue) or a positive (e.g., 
faster) change in action capabilities, sportspeople require prac
tice time to “rescale” the link between the perceptual informa
tion of the performance environment and their action.
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