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Introduction 

Section 1: General Introduction 

On a day-to-day basis, individuals are confronted with dynamic situations that require 

a myriad of decisions about future action selection in order to successfully navigate within 

the world we know. In order to perform successfully within these ever-changing situations, 

one does not only have to take into consideration the environmental constraints imposed onto 

the individual, but also both the task and personal constraints imposed upon them at the 

specific time of performance. That is, in line with the ecological perspective, decision-

making is viewed as emerging from the interactions of individuals with environmental 

constraints over time towards specific functional goals (Araújo, Davids, & Hristovski, 2006; 

Gibson, 1979).  As an example, a soccer player who is in possession of the ball would have to 

decide to either shoot at goal, pass to a team-mate, or dribble the ball to gain an advantage 

over her competitors. To be successful, the player would not only have to consider how far 

away the goal is, but also how accurately and with what force she can shoot the ball (i.e., 

personal constraints), while having to take the current position and (future) movements of her 

team mates and opponents into account.  It is dynamic sporting situations like these that 

typically provide a rich landscape of ever-changing opportunities for action, or affordances, 

not only because the situational constraints are constantly changing, but also because of the 

movements of the player’s within the situation. In other words, affordances emerge and 

dissolve on a moment-to-moment basis with the pressure on players to make decisions that 

select the most appropriate action responses in order to be successful within the current 

situation. To add to this complexity, factors like fatigue, or even the current score in the game 

may influence the perception of potential affordances, and thus decision-making. A fatigued 

player (or with fatigued teammates) whose kicking capability has temporarily decreased will 

affect whether or not a long pass is still possible or, whether dribbling the ball past an 
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opponent is the better action choice. This emphasizes that perception of affordances, and thus 

decision-making (i.e., realizing or bringing about one of the multiple affordances), is 

intrinsically linked to current action capabilities (Proffit, 2006). 

Sport scientists have been interested in decision-making as this skill is presumed to be 

a key differentiator between skilled and lesser skilled athletes, as well as developing training 

methods that allow for the development of this skill that can lead to on-field performance 

improvement. Typically, within the study of decision-making, the methodologies used are 

grounded in theoretical approaches that presume that perception is underpinned by 

representational structures, which supports the encoding of information independent of the 

momentary action (e.g., Ericsson & Kintsch, 1995; Fodor & Pylyshyn, 1981; Williams & 

Ericsson, 2005). In other words, the majority of decision-making studies follows the 

assumption that decision-making and perceptual judgements are established on internalized 

knowledge structures operating as inference engines to deliberate on “the best” decision, or 

the decision that 'best fits' the situation (Araújo, Hristovski, Seifert, Carvalho & Davids, 

2017).  Decision-making, within these theoretical approaches, is a cognitive, modularized 

process that unfolds before and largely independent of action. 

By contrast, the ecological approach argues that it is theoretically incoherent and of 

little value to use a modularized approach, which decouples the processes of perception, 

cognition, and action, and ultimately to test and train these processes in isolation (Araújo, 

Davids, & Hristovski, 2006; Davids & Araújo, 2010). It is imperative to understand decision-

making within the context of organism-environment relationship, specifically, that the 

perception of affordances and decision-making are critically dependent on both perception 

and action. Consequently, understanding decision-making requires that it is studied in testing 

environments in which the link between perception and action is maintained. The present 

thesis revolves around this key assumption of ecological psychology. Hence, the remainder 
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of this introduction elaborates this theoretical background of decision-making, briefly 

discusses the so-called action-specific effects on perception and the two visual system 

approach to introduce the core research questions and the scope of the present thesis. 

 

Section 2: Theoretical background: Ecological psychology 

Skilled athletes have been shown to have superior decision-making skills when 

compared to their lesser skilled counterparts, which provides them a critical advantage in 

competitive situations (Walton, Keegan, Martin, & Hallock, 2018). From an ecological 

psychology perspective, decision-making refers to perceiving and choosing the most 

appropriate among multiple actions that reveal themselves within a particular situation, with 

the key concept being that people indeed perceive the environment in terms of the possible 

actions that it offers (Arajou et al., 2006; Araújou et al., 2017). That is, in line with Gibson's 

(1977, 1979) theory of affordances, people perceive objects, events, places and persons of the 

environment primarily in terms of affordances, that is, in terms of action possibilities that are 

readily available to an actor. The concept is that in perception, the (spatial) properties or 

constraints of the environment are directly related to or scaled to the perceiver’s action 

capabilities (Dicks, Davids, & Button, 2010; Fajen, Riley, & Turvey, 2008) or bodily 

dimensions (Warren, 1984). According to ecological psychology, perception is an active 

process with the actions of the perceiver within the environment changing the perception of 

the said environment.  

With both the perceiver’s actions and the other ever-present changes within the 

environment, especially within competitive dynamic sport contexts, affordances appear and 

disappear on a moment-to-moment basis. For ecological psychology, it is therefore 

imperative that in order to fully understand decision-making, experimental studies must allow 

participants to produce unrestricted functional movement response behaviours that are 
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representative for the contexts of interest. Without affordance perception and decision-

making being investigated within a representatively designed environment, in which the 

natural link between perception and action is maintained, research may miss out on key 

information that does not capture the complexity of this dynamic situation between the actor 

and the environment (Araújo, et al., 2006; also see Brunswik, 1956; Warren, 2006). In 

traditional cognitive approaches, however, the dominant experimental paradigm typically 

uses video-screen tasks, which do not allow to setup perception-action couplings 

representative for dynamic sports situations. Instead, participants only give verbal responses 

or make button press reponses (Williams, Davids, Burwitz, & Williams, 1993; Williams, & 

Davids, 1995; Savelsbergh, Van der Kamp, Williams & Ward, 2005; Williams, Huys, Canal-

Bruland, & Hagemann, 2009). 

The importance of maintaining the link between perception and action has been well 

researched within anticipation and decision-making in externally paced, time constrained, 

interceptive actions like penalty saving in soccer (e.g., Dicks et al., 2010). This work has 

argued that traditionally used video-screen paradigms are insufficiently representative 

because they do not allow for fully interactive movement responses. During video tasks, 

goalkeepers are required to respond to footage of players taking a penalty kick by verbalizing 

the predicted direction of the kick or by make simplified (manual) movements to simulate 

trying to save the kick (e.g., Savelsbergh et al., 2005). Researchers have adopted video tasks, 

possibly because it increases experimental control of the penalty kick situation, however, at 

the expense of the video-screen tasks not allowing the participant-goalkeepers to make a 

whole-body dive to intercept the ball (for a recent review, see Van der Kamp, Dicks, Navia, 

& Noël, 2018). Consequently, unlike natural penalty saving on the field, the goalkeeping 

skills do not constrain anticipation responses. Also, without the presence of a real ball to 

intercept, the timing constraints on the anticipation situation within the video-screen tasks are 
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essentially different to that of the natural situation, with small timing errors being less critical 

for successful performance. For example, in a study completed by Dicks, Button, and Davids 

(2010), the importance of representative design was emphasized when investigating decision-

making profiles within an interceptive anticipation task. Response behaviours of experienced 

association soccer goalkeepers were compared under differing task conditions, with the 

goalkeepers being required to anticipate as accurately as possible the direction of a penalty 

kick in order to save a penalty from entering into the goal. The participants responded to 

penalty kicks either taped on video from the view of a goalkeeper facing a live penalty taker, 

requiring either a verbal or joystick response (i.e., video-screen tasks), and in-situ, facing a 

‘live’ penalty taker, which required either a verbal response, a simplified movement response, 

or full interceptive action. It was found that not only gaze patterns were critically different 

across conditions, but also that saving accuracy was highest in the most representative 

experimental designs (i.e., when viewing live penalty takers with a simplified or full action). 

In other words, the different task constraints that are placed on the goalkeepers resulted in 

different performances. Within the constraints of the video-screen paradigm, it is likely that 

researchers miss out on the critical aspects of (skilled) decision-making and anticipation, the 

most important of which, arguably, is the goalkeepers’ skill (or capability) to actually dive 

and intercept the ball. In this respect, the video-screen tasks clearly lack representative design 

when perception and action are decoupled (Van der Kamp et al., 2018; also see Dicks et al., 

2010).  

With these and other examples, researchers in ecological psychology have gone a 

long way in establishing the importance of representative design for decision-making in 

anticipation within externally paced, time constrained, interceptive actions like penalty 

saving in soccer, while less information is available for decision-making within self-paced, 

far-aiming tasks like kicking. The present thesis addresses this issue in Chapter 2. Externally 



13 
 

paced, interceptive type tasks are far more temporally constrained than self-paced tasks such 

as the free-kick in soccer as reliable information to form decisions within interactive 

anticipation situations are transient and only available during certain times during the task. 

Representativeness is lost when these time constraints are not imposed, which is the case 

within the video-screen paradigm. With different temporal constraints placed on performers 

between the types of tasks, it is essential to understand whether the requirements for 

representative design are similar within self-paced tasks, such as the far-aiming free kick in 

soccer. In self-paced tasks, most of the information can be accessed before and in preparation 

for the execution of the action, allowing for a heavier reliance on what is traditionally 

referred to as cognitive processes. That is, within more traditional approaches to investigating 

decision-making, interceptive actions are seen to be largely perceptually driven, with a 

performer responding to events within the environment. In self-paced tasks, the temporal 

constraints placed on the individual imply that decisions can be made before and independent 

of the ensuing action, and be based on acquired knowledge. By contrast, and also in line with 

Gibson’s (1979) suggestion that perception and cognition must not be considered as 

fundamentally different processes but rather on different ends of the same continuum, 

ecological psychology would predict that testing of decision-making within representative 

environments is also critical for further understanding these processes within self-paced, far 

aiming tasks.  

 

Section 3: Action-specific effects on perception 

The tight coupling between perception and action is echoed in recent embodied 

approaches to perception and cognition including the action-specific account (Proffit, 2006). 

Within the action-specific account, it is argued that similar environments may look different 

to performers under differing conditions as the perception of the physical environment is not 
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solely a function of spatial information, but is rather grounded in an individual perceivers’ 

action capability (Proffit, 2006; Witt, 2011). For example, perceivers who have exercised 

heavily, perceive hills as steeper than before they were fatigued, and people that wear heavy 

backpacks perceive hills to be steeper than people who are not wearing the heavy backpacks 

(Bhalla & Proffitt, 1999; Proffitt, Stefanucci, Banton, & Epstein, 2003; but see Schnall, 

Zadra, & Proffitt, 2010). In other words, a change in the momentary action capabilities 

systematically affects the perception of the environment. These findings contradict the often- 

held assumptions that perception of the world is of Euclidean properties and accurate and 

reliable. Profitt (2006) has argued that these reported systematic action-biases in perception 

function to enhance adaptive and prevent maladaptive decision-making with respect to future 

actions by ensuring economic and safe behaviour within the environment i.e., being 

subservient to the economy of action (also see Profitt, 2013, Witt, 2011; Philbeck & Witt, 

2015). This would mean that for fatigued perceivers, for whom action capabilities are 

temporally reduced, overestimating the steepness of a hill would lead to fewer occasions in 

which they make futile attempts to climb a hill that turns out to be too steep, thereby 

preventing needless energy expenditure and/or possible injury (Witt, Proffit, Epstein, 2004). 

With this in mind, the expectation is that inaccuracies in the perception of spatial properties 

would be largest at the boundaries of the perceiver’s action capability (i.e., at the critical 

regions of affordance perception) because this would promote adaptive perception for safe 

and economical action choices (see Lessard, Linkenauger, & Proffitt, 2009). 

In fact, the action-specific account emphasizes that the primary objects of perception 

are affordances and that people perceive affordances by relating (spatial) constraints of the 

environment to the perceiver's current action capability. If it is indeed the case that 

affordances are the primary objects of perception, then the perception of spatial properties of 

the environment such as slope, distance and height would actually originate in or be 
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secondary to the perception of affordances (Canal-Bruland & Van der Kamp, 2009). Hence, 

to make adaptive action choices, it is imperative that individuals are able to accurately 

perceive what the situation affords them in terms of their own action repertoire. Interestingly, 

however, most studies based on the action-specific account have only addressed the accuracy 

of the perception of the spatial properties of the environment, but have not considered the 

perception of affordances (or actual decision-making) within that environment. The present 

thesis considers this omission in Chapter 3.  

 

Section 4: The two-visual systems model 

Another issue related to the principle of economy of action relates to the fact that a 

perceptual bias that overestimates the steepness of these hills can be adaptive because it 

would make the climber more inclined to perceive them as un-climbable, that is, increase the 

likelihood of making an appropriate action decision (or to at least avoid a poor action 

decision). Importantly however, the same perceptual bias would be maladaptive if it would 

also translate into the control of the ensuing action, as this may result, if the climber decides 

to ascend the hill, in inaccurate movement control and eventually, to the failing of the action. 

This raises the issue whether or not these perceptual biases, which have been described as 

being adaptive for perceiving and deciding on appropriate actions, translate into the 

(subsequent) control of action.  

The two-visual system model proposed by Milner and Goodale (1995, 2008) speaks to 

this issue. Milner and Goodale hold that the visual system comprises two neuro-anatomically 

and functionally distinct but interacting systems. The vision for perception system (i.e., the 

ventral system) serves to support the perception of objects, events, and places in the 

environment, to gather knowledge about the environment. Arguably, it is the system that 

underpins the perception of affordances (Van der Kamp, Rivas, Van Doorn, & Savelsbergh, 
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2008). Hence, the perceptual processes supported by the ventral system rely chiefly on 

allocentric (or world-centered) information that specify the location, motion, and size of an 

object in relation to other objects. To the extent that the visual perception of objects is 

exploited for communication (i.e. telling about the environment), the ventral system is 

associated with explicit awareness (Van der Kamp et al., 2008). The second system, vision 

for movement (i.e., the dorsal system), serves the control of movement execution, with 

movement control requiring metrically precise information about the location, motion, 

orientation, and size of an object relative to the actor (Van der Kamp et al., 2008). The 

primary contribution of the dorsal system, therefore, is the detection of egocentric (or body-

centered) sources of information. Among others, support for the two-visual systems model 

comes from observations of neurological patients and experimental studies with optical 

illusions studies in healthy participants (see Bruno, Bernadis, & Gentilucci, 2008; Milner & 

Goodale, 2008). For example, Aglioti, DeSouza, and Goodale (1995) reported that 

participants who were asked to grasp the larger of two disks that were embedded in different 

variations of the Ebbinghaus illusion, decide for the apparently larger disk (highlighting that 

the illusion biased the perception of which disk was larger) but still adjusted grip aperture 

according to its physical size (highlighting that the illusion did not bias movement control; 

see also Van Doorn, Van der Kamp, & Savelsbergh, 2007). The differential effect of the 

illusion of perception and action bolsters Milner and Goodale’s assumption that perception 

and action rely on different types of information, that is, perception primarily involves 

allocentric information, while action is chiefly controlled by egocentric information.  

Following Milner and Goodale’s two visual system model, a bias in perception does 

not necessarily have to translate into movement control. Accordingly, the suggestion that an 

actor’s perception of the environment in terms of their own current action capabilities grants 

a significant adaptive advantage for selecting future actions would mean that any potential 
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bias in perception of this environment should not necessarily affect the subsequent control of 

the action. Rather than perception and action being sequential, in which case biases in 

perception would also appear in that control of action, perception and action take place 

largely in parallel, albeit that they can interact. If correct, then (adaptive) biases in perception 

would not result in inadequate or poorly controlled actions. Chapter 4 deals with this issue.  

However, although this would support notion of a separation between the two visual 

systems in perception and action, it does not negate the possibility that the control of action 

can also involve contributions from the ventral system, or that the ventral system can come to 

dominate movement control within certain conditions. An example includes participants 

grasping an object embedded in a Muller-Lyer illusion under differing viewing conditions 

(Westwood, McEachern, & Roy, 2001). The full vision condition showed no significant 

effects of the illusion on the control of the grasping action, while a second condition, which 

imposed a time delay between viewing the object and initiating the grasping movement, 

resulted in a dramatic increase of the illusion effect providing evidence to suggest that 

movement control thus came to rely on allocentric information. Additionally, there is debate 

to what degree the identification of target location entails ventral systems contributions. 

Examples include research conducted by Van der Kamp, van Doorn, and Masters (2009) who 

found an illusionary bias when a projectile was aimed toward a distant target, with the 

suggestion that the results provide evidence for a contribution to action by vision for 

perception in determining target locations. Chapter 5 will take up this issue in a far aiming, 

penalty kicking task. 

   

Section 4: The present thesis  

In summary, the present thesis aims to provide more insight into understanding 

affordance perception and decision-making in far aiming tasks grounded in the theory of 
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ecological psychology. In particular, it addresses the pertinence for maintaining the natural 

link between perception and action for the understanding, investigation, and ultimately, for 

the training of decision-making in real life, sporting situations. Accordingly, Chapter 2 

investigates whether representative design requirements are indeed as important within self-

paced, far-aiming tasks as found within more temporally constrained interceptive tasks, by 

inviting soccer players to complete a free-kick decision-making task on a video-screen within 

a laboratory that did not require a full movement response, as well as in-situ, facing a real life 

free-kick situation which included the full kicking action. It compares the decision-making 

profiles between the two tasks in order to understand if players perceive different affordances 

or make differing choices around shot placement within the goal target area.  

Next, Chapter 3 examines whether the performance of a free-kick task is more 

strongly related to the accuracy with which soccer players are able to perceive the affordance 

of kickability than to perception of the spatial distance of the free-kick location from goal. 

Participants are required to indicate whether they perceive a free-kick to be kickable on goal 

or not, followed by indicating the distance to the goal, and then to actually kick the ball to the 

goal target area in order to measure kicking performance (i.e., kicking accuracy, or 

kickability). This allows us to examine whether the primary object of perception are indeed a 

player’s affordances or merely the spatial properties of the environment, that is, if potential 

biases in perception (i.e., action-specific effects) are grounded in the perception of 

affordances.  

Chapter 4, investigates action-specific effects on the perception of distance in a self-

paced, far-aiming task in field hockey, and examines if the perceptual bias, if any, translates 

into action. In Experiment 1, participants are asked to estimate the distance of multiple target 

areas of differing difficulty (i.e., differing target sizes), with the intention of performing a 

hockey-push pass over the target area. We test whether the perception of absolute distance is 
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affected by the differing hockey push-pass tasks.  In Experiment 2, the speed of the hockey 

push-pass across differing task difficulties are also measured in order to determine whether 

perceptual biases would have any effect on the subsequent movement control of the push-

pass task.   

Finally, Chapter 5 investigates the gaze behaviour, decision-making, and kicking 

performance of intermediate skilled soccer players taking penalty kicks under conditions in 

which contextual, or allocentric information is manipulated. To this end, advertisement 

conditions behind the goal are varied, namely no advertisement, a stationary advertisement, 

and a moving advertisement. We are interested in understanding whether a moving 

advertisement does in fact catch the attention of penalty takers (and therefore affect gaze 

behaviour), and secondly, whether a moving background influences penalty kick 

performance, specifically, whether manipulation of allocentric information affects decision-

making and/or movement control of the penalty kick. 

Chapter 6 - the Epilogue – provides a brief summary and a discussion concerning 

theoretical and practical implications of the main results of the thesis.  
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Abstract 

The aim of the current study was to examine the effect of perception-action coupling on 

perceptual decision-making in a self-paced far-aiming task. To this end, 10 skilled soccer 

players were required to make decisions regarding ball placement (i.e., target selection) for 

free-kicks on goal. In a counterbalanced procedure, participants viewed 9 defensive setups 

varying in goalkeeper and wall position in two differing conditions. In the in-situ condition, 

players viewed the setups on a full size field and made target selection decisions with the 

intention of performing the free-kick movement (i.e. coupled perception-action) at a full size 

goal. In the lab-based condition, participants viewed the setups on a computer screen in a 

laboratory and made target selection decisions without the intention to perform the free-kick 

(i.e. uncoupled perception-action). Results showed that the participants decision-making 

profiles differered across the two conditions. The variation in the decision-making profiles of 

participants across conditions highlights that perception-action coupling is an important 

factor to consider when studying decision-making in self-paced, far-aiming tasks. It is argued 

that this is most likely due to perceptual decisions being grounded in action, that is, 

intrinsically constrained by the action capabilities of the perceiver. The implications with 

respect to experimental design are discussed as well as future research directions. 

 

 

 

 

 

 

 

 



27 
 

Introduction 

The factors underlying expert performance in sport have aroused much interest over 

the past few decades. An argument put forth by researchers in sport is that perceptual-

cognitive skills play a major role in performance which is particularly true at the highest 

levels of competition (e.g., Spittle, Kremer, & McNiel, 2010; Williams, Davids, & Williams, 

1999). According to Mann, Williams, Ward, and Janelle (2007), perceptual-cognitive skills 

refer to the ability to acquire information about the situation that serves to select and execute 

appropriate actions. For example, many studies have provided evidence to suggest that 

skilled athletes have more efficient gaze patterns (e.g., use less fixations of longer duration), 

use advanced visual information in order to better anticipate the actions of their opponents, 

more accurately recall patterns of structured game play, make quicker and more accurate 

decisions, and perceive patterns of events rather than isolated events as compared to their 

lesser skilled counterparts (Casonova, Oliviera, Williams, Garganta, 2009; Savelsbergh, Van 

der Kamp, Williams & Ward, 2005; Spittle et al., 2010; Tenenbaum & Summers 1997; 

Vaeyens, Lenoir, Williams, Nazyn, & Philippaerts, 2007; Williams, Huys, Canal-Bruland, & 

Hagemann, 2009).  

The prime interest of research in perceptual-cognitive skills in sport has been the 

performer’s ability to accurately anticipate future action requirements. This research has 

typically been completed in interceptive type sports such as tennis, cricket, and the soccer 

penalty kick with these tasks commonly being characterized by extreme temporal constraints 

defined by the actions of opponents and speed of the ball (i.e., externally paced). Anticipation 

is essential in these sport tasks, because of the limits of a performer’s reaction and movement 

times relative to ball flight times. However, the examination of anticipation has historically 

involved experimental designs that fall short of accurately representing tasks as they occur in 

the natural environment (Araújo, Davids, & Hristovski, 2006; Van der Kamp, Rivas, Van 
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Doorn & Savelsbergh, 2008). In the temporal occlusion paradigm, for instance, participants 

are typically presented with filmed sequences that are representative of their customary view 

of the opponent’s action (e.g., Abernethy & Russell, 1987; Salmela & Fiorito, 1979). These 

film clips are then edited to provide a varying extent of predictive information from the 

opponent’s body movements and the ball’s flight path, with participants being required to 

predict the end result of the sequence observed. It is also common for researchers to 

concurrently use eye movement registration techniques in order to assess what information 

experts use when anticipating opponents’ actions. Generally, this work has indicated that the 

experts’ are superior in exploiting pre-ball flight information (e.g., Savelsbergh, Williams, 

Van der Kamp, & Ward, 2002).  

Although the occlusion paradigm has allowed for rigid experimental control, there 

have recently been concerns over the representiveness of this paradigm relative to performing 

the sport task in-situ, not to mention in ‘competitive’ situations. One argument refers to the 

typical presentation modality of visual information in the occlusion approach. As mentioned 

above, participants typically view video simulations instead of watching and anticipating 

opponents in situ. It is likely that this crucially alters the available perceptual information 

(Mann et al., 2007). A second argument relates to the nature of the responses. Participants 

commonly respond to the visual scene by pushing buttons, controlling a joystick, verbally 

reporting, or writing. These responses however do not coincide with the actual responses that 

are produced while they engage in the activity in training, or competitive in-situ settings. In 

addition, the events in the visual scene and the responses are not synchronized, which is 

disruptive to a performer’s perception-action coupling (Van der Kamp et al., 2008; see also 

Davids, 2008). Put differently, the responses are considered uncoupled to the visual scene 

because parameters such as direction, scale, or speed of those responses do not relate to the 

information in the environment (Ranganathan & Carlton, 2007). The argument is therefore 
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that previous occlusion experiments that do not evoke the naturally occuring perception-

action coupling may not have provided an accurate reflection of the anticipatory behaviour 

normally exhibited in these types of activities, especially for experts (Araújo et al., 2006; 

Shim, Carlton, Chow, & Chae, 2005; Van der Kamp et al., 2008). 

 For example, a recent study by Dicks, Button, and Davids (2009) underlined the 

effects of varying degrees of perception-action coupling on results when investigating 

anticipation in sport. Gaze and movement behaviours of experienced association soccer 

goalkeepers were compared under differing task conditions. The soccer goalkeepers were 

required to anticipate as accurately as possible the direction of a penalty kick in order to save 

the penalty from entering into the goal. The participants responded to penalty kicks either 

taped on video from the view of a goalkeeper facing a live penalty taker, requiring either a 

verbal or joystick response, and in-situ, facing a ‘live’ penalty taker, which required either a 

verbal response, a simplified movement response, or full interceptive response. It was found 

that saving accuracy was highest in the conditions in which natural perception-action 

coupling was best maintained (i.e., when viewing live penalty takers with a full interceptive 

response). In addition, gaze behaviours were similar across video and in-situ tasks, however, 

it was found that goalkeepers focused on differing visual information when verbal and 

simplified body movements where required compared to when a full movement save 

response was required. This strongly indicates that the degree of perception-action coupling 

within an experiment significantly influences the organisation and outcomes of anticipation. 

It underlines that in order to get a better understanding of the expert advantage in perceptual-

cognitive skills, such as anticipation, that allows for appropriate generalization to 

performance environments, experimental research needs to be conducted in conditions that 

maintain natural perception-action coupling as closely as possible (see also Mann, Abernethy 
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& Farrow, 2010). With this in mind, it is important to explore whether other perceptual-

cognitive skills are affected by perception-action coupling.  

The aim of the current study is to examine the effect of perception-action coupling on 

perceptual decision-making in self-paced far aiming tasks, such as the free-kick in soccer, or 

a golf putt, that are less temporally constrained than the interceptive tasks that require 

anticipation. In the latter externally paced, interceptive anticipation type tasks, visual 

information is transient, only being available at very specific times during an action. This 

imposes a strong temporal constraint on the pickup of relevant information to perform the 

interceptive action. However, in self-paced, aiming tasks, the visual information is far less 

transient and thus the temporal constraints for selecting a target-location are less stringent. 

Given that the constraints placed on athletes in these two tasks (i.e., externally-paced vs self-

paced) are clearly different, it may be that the effects of varying the degree of perception-

action coupling on decision-making processes in these types of tasks are different. Hence, we 

set out to test the effect of perception-action coupling on decision-making in a self-paced, far-

aiming task. We did this by comparing the target-location selections made by experienced 

soccer players when taking direct free-kicks at goal under two differing conditions, namely, 

in-situ with the intention to perform the free-kick (i.e., maintain the perception-action 

coupling) and in a lab-based situation without the intention to perform the free-kick. 

In modern day football, free-kicks are important goal-scoring opportunities (Craig, 

Berton, Rao, Fernandez, & Bootsma, 2006; Savelsbergh, Canal-Bruland, & Van der Kamp, 

2012). In a free-kick situation in football, a goalkeeper normally places a wall, consisting of 

two or more players between the ball and the goal. The purpose of the wall is to cover a large 

part of the goal while the goalkeeper covers the remaining part (Savelsbergh et al., 2012). 

Normally, free-kick takers try to score by curling the ball around or over the wall, out of 

reach of the goalkeeper in order to successfully score a goal. The wall can have a different 
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number of players in it (e.g., 3 or 5) as well as having different positioning in relation to the 

ball (e.g., in line with the ball or slightly left/right of the ball), and the goalkeeper can be 

standing in different positions in the goal. Therefore, placement of the free-kick in the goal is 

important for scoring during a free-kick situation and hence attacking players must decide on 

the target area of the goal to shoot at, which is a function of differing wall and goalkeeper 

placements (Alcock, 2010). 1 

In the current study, 10 participants faced differing defensive wall/goalkeeper setups 

presented randomly in the two differing task conditions. In the In-Situ condition (IS), 

participants were confronted with free-kick defensive setups on a real soccer field, using a 

full size goal and wall and goalkeeper dummies from their customary viewpoint. They made 

decisions of which area of the goal (i.e., the goal area was split into 8 target areas) they would 

target their shot at in order to best stand a chance of scoring a goal taking into consideration 

the goalkeeper would attempt to save the free-kick as in a competitive situation. Immediately 

after the participants made a perceptual decision, they performed the free-kick aiming for the 

intended target area (i.e., the players had the intention to kick when they made the decision). 

The participants then marked down this decision on an answer sheet. In the Laboratory-Based 

condition (LB), the same 10 participants faced slides, which were taken from the same 

customary viewpoint on the pitch, showing the same free-kick setups presented to them on a 

screen in a laboratory. Participants were required to view the setup and make a perceptual 

decision regarding which area of the goal they would shoot at taking into consideration the 

goalkeeper would attempt to save the ball as in competition. They were then required to mark 

down on an answer sheet the perceptual decisions without the requirement of actually having 

to perform the free-kick movement at this intended target area (i.e. they had no intention to 

kick while making the perceptual decision).  

                                                 
1
 Note that often these target areas are the top corners of the goal, because for the goalkeeper they may be 

difficult to reach in time. However, the goalkeeper may also decide to ‘defend’ one of these corners, turning the 

middle areas in a viable target area as well (see Alcock, 2010). 



32 
 

A comparison of the two conditions will shed light on the influence of perception-

action coupling in self-paced decision-making tasks. Following recent theories of embodied 

perception, and in particular, the theory of ecological psychology, we expect that although 

the temporal demands are different for interceptive anticipatory tasks in sport, variation in the 

degree of perception-action coupling will influence decision-making in less time constrained 

far-aiming tasks such as the free-kick in soccer as well. We therefore predicted to see 

differences in the decision-making profiles made by the participants in the free-kick task 

across the two free-kick conditions.  

 

Methods 

Participants  

Ten male semi-professional football players (20-22 years, mean 20.8 ± 0.79 yrs) with 

an average of 13 (± 2.36) years of playing experience participated in this study. All 

participants were members of the Mafikeng Soccer Institute, who compete in the domestic 

university championships in South Africa. The Institute had won the last two editions of this 

domestic championship. The group practised on average, 4 times per week, totalling 

approximately 5 hours a week at the time of testing. All participants were right footed players 

and all signed a written inform consent form before the start of the study. The experiment 

was conducted in accordance with the local institute’s ethical guidelines. 

 

Apparatus  

The free-kick in this experiment involved the ball being placed a constant distance of 

18.9m from the goal line and 5.75m to the left of the centre of the goal (Savelsbergh et al., 

2012). Further, a free-kick practice wall with three or five removable dummies (each 0.70 m 

in width and 1.80m in height) was used in the free-kick setups, placed a distance of 9.15m 
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from the ball. A free-kick practice goalkeeper (also a dummy 0.70m in width and 1.80m in 

height) was also used (see Fig.1 for an example setup), positioned on the goal line. It was 

decided that a non-moveable dummy goalkeeper be used in the IS task in order to control for 

differences in decision-making profiles being attributed to differences in goalkeeper move-

ability across conditions (i.e., both conditions therefore have a non-moving goalkeeper, 

although participants were instructed otherwise. See procedures).  

 

Figure 1: Birds eye view of one of the 9 experimental setups (Setup A). Ball placement 

remained constant while number of defenders as well as player placement in the defensive 

wall was manipulated. Goalkeeper positioning was also manipulated. Note that this is not the 

angle the participants viewed the presented setups from.  

 

In order to create a target reference for the participants when performing the task in 

both of the conditions, the goal (i.e., 2.44 m height by 7.32 m wide) was divided and marked 

into eight Target Areas (i.e., TA1-TA8). The goal area was divided up into four, vertical 

1.83m blocks by tying three strings with weights to the crossbar, as well as tying a string 

horizontally (from left to right post2) across the goal dividing it into upper and lower target 

                                                 
2
 For future reference in this article, direction is always indicated from the perspective of the free-kick taker, 

e.g., the left post is the post to the left side of the free-kick taker (i.e., to the right of the goalkeeper). 
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areas. Therefore, each one of the eight TA’s of the goal measured 1.83m in width and 1.22m 

in height. 

Within the experiment, 9 differing free-kick defensive setups were created by 

varying: (1) the number of players in the wall setup (i.e., either 3 man or 5-man wall), (2) the 

placement of wall relative to the centre of the goal (i.e., either 5.75m or 4.25m to the left of 

the centre of the goal), (3) or the positioning of the goalkeeper on the goal line (i.e., either 

1.83m, 3.66 m, 5.49 m from the right goal post). For timing purposes, it was decided not to 

include the goalkeeper positions for the 3-man wall at the 4.25 m to the left of the centre of 

the goal mark, which resulted in 9 possible setups. The setups were chosen in consultation 

with a panel of soccer coaches including the head and assistant coach at the Mafikeng Soccer 

Institute in order to make setups as realistic as possible for players. 

The free-kick decision-making task was performed in two different conditions. In the 

In-situ condition (IS), the participants performed the free-kick decision-making task, from the 

customary free-kick viewpoint (i.e., behind the ball, facing the goal area and defensive setup) 

at a full size goal (7.32m x 2.44m) on a standard, grass football field provided by North West 

University Soccer Institute in Mafikeng, South Africa. An official “FIFA-Approved” size 5 

ball with standard inflation was used. A digital video camera (Sony DCR-HC62) was placed 

17m from the goal line, perpendicular to the goal centre at a height of 1.70m in order to 

record the Actual TA (ACT) that the ball entered the goal area once the participants had 

performed the free-kick. This was done in order to investigate the accuracy of the free-kicks 

taken by the participants by comparing the original judgement in the IS-condition to the ACT 

achieved once the participants had performed the free-kick.  

In the Laboratory-Based condition (LB), the same created free-kick setup slides were 

presented to the same group of participants on an 18 inch Laptop computer screen (Hewlett-

Packard Pavilion dv6000) in the laboratory provided by the Mafikeng Soccer Institute from 
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the same customary viewpoint as seen in the in-situ position. To this end, pictures of the 

same 9 free-kick setups used in the IS-condition were taken for the LB-condition from the 

view of the free-kick taker with a Canon PowerShot A480 digital camera. The camera was 

placed at a distance of 2.5m from the marked ball placement, which was the approximate 

distance from the marker where the kicker’s would stand when preparing for their shots in the 

IS-condition, at a standard height of 1.70m in order to best represent the free-kick setups 

from the participant’s approximate eye level. Participants were seated in the laboratory with 

the screen placed at eye level to each participant.  

 

Procedure 

The participant’s main task was to view the differing defensive free-kick setups in 

both the IS- and LB-conditions and decide in each specific setup to which of the marked 8 

TA's they would aim at in order to have the best chance of scoring a goal when shooting the 

free-kick at goal as in competition. In both conditions, participants marked their decisions on 

a response answer sheet. The order of the IS- and LB-conditions was counterbalanced across 

participants. 

Before starting the IS-condition, a familiarization task was performed in order to get 

the participants accustomed to the experimental situation. Participants were instructed to just 

shoot on goal 10 times as a warm up at no specific target area. During these familiarization 

trials 5-man wall dummies, but not the goalkeeper dummy, was present. After the 

familiarization period, participants were then presented with each of the 9 defensive free-kick 

setups with each free-kick setup being randomly presented 3 times each, making each 

participant view a total 27 free-kick setups. The setups were randomized with the order kept 

the same for all participants. In the IS-condition, participants completed the task in-situ (on 

the football field with the defensive wall ‘dummies’). Participants were first asked to place 
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the ball on the marked free-kick spot and then get into the ready position (on average at 

distance of 2.5 m behind the ball at approximately a 45 degree angle to the ball) to perform 

the free-kick at goal. While the participant was getting ready, a hardwood board was placed 

in front of the player so that he was not able to see the initial setting up of the specific free-

kick setup by the experimenters. This was done in order to keep the visual scene standard 

across conditions (i.e., so that participants could not see experimenters setting up the 

defensive setup, allowing participants extra viewing time). Once the setup was ready for 

viewing, the hardwood board was taken away and the player was able to view the defensive 

free-kick setup in front of them. Participants were instructed to view the setup and then 

decide, the best TA (i.e., TA1-TA8) of the goal to aim in order to have the best chance of 

scoring a goal, taking into consideration that the goalkeeper is capable of moving to try and 

intercept the attempt, as in a competitive situation.3 No time limitations were given to the 

participants. Participants had to then attempt to kick the ball at the decided TA of the goal, 

followed by noting down this TA on the decision answer sheet provided. From the video 

footage, we also scored the ACT (i.e., actual target area) that the ball entered. 

In the LB-condition participants viewed the slides created of the same 9 free-kick set 

ups used in the IS-condition on a screen in the laboratory. The presentation order of the 

differing free-kick setups was however different to that of the IS-condition, with a new 

randomization of setups taking place for the LB-condition. This randomization, like in the IS-

condition, was kept the same for all participants in the LB-condition. Prior to the viewing of 

each slide, a slide with a circular black dot in the middle was presented to the participants. 

The participants were instructed to focus on the black dot at all times while it was on the 

screen. After 5 seconds, the defensive free-kick setup slide would show and participants were 

                                                 
3
 We decided to use stationary dummies to control for influences of goalkeeper capability on the participants’ 

decision-making profiles. That is, with a real moving goalkeeper in the IS-condition, the participants would 

have been able to use feedback of, for instance, the goalkeeper’s ‘weak and strong sides’ and adjust their  free-

kicking strategy accordingly, while in the LB-condition this feedback would not have been available.  



37 
 

instructed to view the setups and decide, in their opinion, the best TA of the goal to aim at in 

order to have the best chance of scoring a goal, considering that the goalkeeper is capable of 

moving to try and intercept the attempt as in a competitive situation. In this condition 

however, the participant was only instructed to mark down this decision on the provided 

response answer sheet. Thus, when making a decision in this condition, participants had no 

intention to actually perform the free-kick movement. The decision answer sheets of the 

group of participants were collected by the researcher after the tasks were completed in each 

condition. 

 

Statistics 

 The number of times participants selected each of the 8 TA's of the goal was 

calculated for both the IS- and LB-condition and submitted to a 2 (Situation; IS, LB) x8 

(Location; TA1- TA8) ANOVA with repeated measures on both factors. Using the video 

data, we were also able to calculate the ACT that the ball entered the goal once the players 

had performed the actual free-kick in the IS-condition. The total frequencies for the ACT was 

calculated for the 8 TA’s as well as a ‘Missed' Area, which included all attempts that missed 

the goal area completely (i.e., did not enter any of the 8 TA’s). It is important to note that we 

were only interested in whether differences existed between a specific TA for the IS- and LB-

conditions. Hence, the free-kick setups were not included as factor in the analysis. In order to 

investigate whether the feedback of having made a ‘successful4’ or ‘unsuccessful’ free-kick 

attempt influenced the intended TA decisions the next time the players viewed that same 

specific free-kick setup in the IS-condition, we calculated the original intended TA decision 

for a specific setup before and after either successful and unsuccessful attempts in the 

                                                 
4
 A free-kick at goal was considered successful if the ball entered the goal area in the intended area that the 

participants had marked down on the decision response sheet (IS decision matched ACT data) while a free-kick 

attempt was deemed unsuccessful if the ball missed the intended TA as marked by the participant on the 

decision response sheet (IS decision did not match ACT data), which included mis sing the goal area completely. 
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specific free-kick setups (established from the ACT results). This allowed us to compare 

intended TA decisions before and after a successful and an unsuccessful free-kick attempt. 

Subsequently, a 2 (Moment: Before vs After) x 2 (Outcome: successful vs unsuccessful) x 8 

(Location; TA1- TA8) ANOVA with repeated measures was conducted on the variables.  

In case the sphericity assumption was violated, Huyn-Feldt corrections of the p-values are 

reported. Post-hoc comparisons were made using Tukey-HSD, and η²ρ was used as a measure 

of effect size.    

 

Results  

The intended total TA (i.e. Target Area) choice frequencies in percentages for the IS- 

and LB-conditions are reported in Fig. 2a. Also included is the ACT (i.e., actual Target Area) 

retrieved from the IS-condition in Fig. 2b.  
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(B) 

 

Figure 2: (A) Mean (±SE) number of decisions made to either of the 8 possible Target Areas 

by participants presented in percentages as a function of Situation. In-situ ( o ) vs 

Laboratory-based ( 0 ) conditions. (B) Mean (±SE) number of times the ball entered either of 

the 8 possible Target Areas after a free-kick was performed in the IS -condition presented as 

percentages (Actual Outcome). ‘Miss’ denotes attempts in which participants missed the goal 

area completely.  

 

Note the extra TA in the ACT graph, which corresponds to a ‘missed’ attempt in 

which the participants missed the goal area completely. A comparison of the percentage of 

decisions to either of the 8 TA’s as a function of condition suggests that a large percentage of 

decisions were made up of TA1 and TA7 selections in both the IS- and LB-conditions. In 

fact, 70% of total decision selections were either made to TA1 or to TA7 in the IS-condition 

while 81% of total decision selections were made to TA1 or TA7 in the LB-condition.  

The analysis of variance revealed a significant main effect for TA (F(7, 63) = 57.048, 

p<0.01, η²ρ= 0.86). Furthermore, a significant interaction effect was found for Situation and 

TA, (F (7, 63) = 10.331, p<0.01, η²ρ= 0.534). Post-hoc comparisons indicated that 

significantly less TA1 selections were made in the IS-condition when compared to the LB-
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condition. Results also showed that there were more TA3 and TA5 selections in the IS-

condition when compared to the LB-condition. However, post-hoc comparisons only showed 

that there were significantly more TA3 selections in the IS-condition when compared to the 

LB-condition, the difference for TA5 selections just failed to reach significance. There were 

no significant differences found between the decision selection frequencies made to 

remaining specific TA’s between conditions. Remembering that TA1 is the top-left corner of 

the goal while TA3 and TA5 make up the middle-left and middle-right areas of the goal 

respectively, the results seem to suggest that in the IS-condition, the players may have used a 

more cautious response criterion with their TA decisions (i.e., taking less risks of missing the 

goal area completely) and tended to select more middle areas of the goal to aim at when they 

performed the kick in the LB-condition. That is, participants may be seen as more cautious as 

there is a higher risk of missing the goal completely when aiming for the top corner of the 

goal area (e.g., TA1). When aiming for an extreme corner of a goal area, the chances of 

missing the goal area completely and having no chance of scoring a goal rises compared to 

when aiming just outside of this extreme. A recent report by Alcock (2010) on free-kicks 

taken during the women's soccer World-Cup 2007, shows that these middle areas are 

considered viable TA options in competition.   

When viewing the ACT data (Fig. 2b), it was clear that players had difficulty in 

directing their actual free-kick attempts into the intended TA’s selected in the IS-condition. 

An interesting statistic is that out of the 270 attempts, players were unsuccessful in realising 

the intended TA’s in 203 of the attempts. This means that only 24.8% of the actual free-kicks 

were successful attempts. Out of the 203 missed attempts, 125 missed the goal area 

completely, while 78 attempts went into an unintended TA. 

When investigating whether an unsuccessful or successful free-kick attempt  

influenced the following TA decision selections in the IS-condition, the analysis of variance 
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revealed a significant interaction effect for Moment x Outcome x Area (F(7, 63) = 17.900, 

p<0.05, η²ρ= 0.221). When investigating specifically whether feedback from an unsuccessful 

attempt influenced the next time the participant viewed the same free-kick setup, post-hoc 

comparisons failed to indicate significant differences between the frequencies of selections to 

a specific TA’s before an unsuccessful intended target attempt compared to after that an 

unsuccessful attempt had occurred. This seems to suggest that an unsuccessful free-kick 

result had little influence on the following decision for the same free-kick setups (see Fig. 

3a).  
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Figure 3: (A) Mean (±SE) number of decisions made to either of the 8 possible Target Areas 

Before ( o ) and After an unsuccessful free-kick attempt (  ) had occurred presented as 0

percentages. Out of 270 possible kicks, 128 attempts were preceded by an unsuccessful 
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attempt. (B) Mean (±SE) number of decisions made to either of the 8 possible Target Areas 

after a successful attempting IS situation Before ( o ) and  After an successful free-kick 

attempt (  ) had occurred presented as percentages. Out of 270 possible kicks, 49 attempts 0

were preceded by an successful attempt. 

 

By contrast, when investigating whether feedback from a successful free-kick 

influenced future decisions when viewing a specific free-kick setup, post-hoc comparisons 

suggested (i.e., it just failed to reach significance) that once a successful attempt was 

achieved, participants were more inclined to use a less cautious response criterion and aim for 

TA7, which is the top-right corner of the goal (see Fig.3b). No such changes in decision 

occurred for the other areas. These results suggest that in the IS-condition, the participants 

were more inclined to initially select relatively cautious TA’s and only after they realised 

success, they tended to become less cautious in their choices (and hence are more 

comfortable in aiming for outer areas of the goal i.e. TA7).  

 

Discussion 

Recent empirical work has underlined the significance of perception-action coupling 

for the outcomes of perceptual-cognitive processes in sporting performance, but the evidence 

has largerly been limited to anticipation and decision-making in externally, time-constrained 

tasks (e.g., Dicks et al., 2009; Mann et al., 2009). The aim of the current study, therefore, was 

to examine the effect of perception-action coupling on perceptual decision-making for self-

paced far-aiming tasks. To this end, skilled soccer players took free-kicks on goal. We 

compared target-location selections (i.e. decision-making profiles) in two conditions that 

adhered to the natural perception-action coupling in varying degrees namely, a pen and paper 

mark down versus a full movement response. We found that the participants selected 
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different target-locations for the free-kick in the perception-action coupled IS condition, 

when compared to the perception-action uncoupled LB condition.  

However, before discussing these differences between decision-making profiles in 

more detail, the difficulty of performing a free-kick warrants discussion. The skilled 

participants had a very difficult time in effectuating their decisions in the actual free-kick 

performance in the IS-condition (see Fig. 2b). In fact, only about one out of four of the actual 

free-kicks went into intended target areas, with nearly half of the actual kicks missing the 

goal area completely. With this in mind, results clearly indicated that participants were less 

inclined to select the top-left TA (i.e., TA1) in the IS-condition when compared to LB-

condition. Instead, participants more often selected the two top-middle TA's (TA3 and TA5). 

The chance of missing the goal rises when aiming for these the top-left (TA1) and top-right 

(TA7) areas: if the target is missed to the left or right respectively, the goal will be missed 

completely. By contrast, when aiming for middle areas of the goal (TA3 and TA5), there is 

higher chance that participants will at least hit one of the 8 designated TA's. In addition, 

when viewing the defensive setups, the defensive wall covered the left side of the goal and 

therefore partially obstructs the view of the top-left area (TA1, see Fig. 1) during the 

decision-making process. Accordingly, many of the actual free-kick attempts in the IS-

condition struck the defensive wall. Therefore, TA1 would seem to be a more risky decision 

than aiming for other TA's of the goal not covered by the wall, such as the top-right area 

(TA7). Therefore, it seems that in the perception-action coupled IS-condition, participants 

tend to be more cautious in their decision-making when compared to the LB-condition. 

Recently Alcock (2010) analysed direct free-kicks in the women's soccer World Cup 2007. 

Results showed that also in competition, the top corners were most often chosen, but that 

dependent on goalkeeper and wall position, the more central areas (equivalent with the 

current TA3 and TA5 within this experiment) were viable options that illicit difficult saves 
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by the goalkeeper. Hence, the cautious decisions observed in the current IS-condition appear 

feasible in more competitive situations.  

One explanation for the decision-making profiles being different for the IS and the LB 

conditions is that both decision-making and perception are grounded in action, that is, 

constrained by the action capabilities of the participants. To explicate, even in routine 

behaviour, people often find themselves in situations in which it is essential to take the 

movement capabilities of their bodies  into account (Fajen, Diaz, & Cramer, 2011). Research 

of Konczak, Meeuwsen, and Cress (1992) showed that the participants making judgements 

on whether stairs of differing heights were climbable or not, took not only individual 

anthropometric characteristics into account, i.e., leg length, when making this judgement, but 

also scaled their judgement to constraints such as the flexibility and force production 

capabilities of muscles around the hip joint. These examples underscore that the environment 

is perceived in relation to one’s movement capabilities (Fajen et al., 2011) and tend to 

support the fact that decision-making and perception are grounded in action. 

That is, in line with Gibson's (1977) theory of affordances, the opportunities for action 

available in a situation may vary because they are dependent on the individual action 

capabilities. In sport specifically, Dicks, Davids, and Button (2010) demonstrated that a 

goalkeeper’s agility (i.e., speed of movement) influences their decision regarding time to 

initiate a dive for the ball in a soccer penalty saving task. Less agile goalkeepers initiate 

diving movements in response to penalty takers earlier when compared to faster, more agile 

goalkeepers. It is hypothesized that the difference in time of dive initiation between the faster 

moving goalkeepers relative to slower goalkeepers is due to the goalkeepers take their 

movement capabilities into consideration and therefore dive later, allowing them to optimize 

information pickup. By contrast the slower, less agile goalkeepers have to initiate diving 

movements earlier, and hence, have less useful information available for making decisions. In 
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the current study, it is therefore possible that participants’ action capabilities more severly 

constrain decision-making when they have the intention to act. In other words, the relatively 

more cautious judgments made by the participants in-situ points to the decision-making being 

more appropiately scaled to the action capabilities in the coupled IS condition when 

compared to the uncoupled LB condition. In other words, the perception-action coupling 

indeed affects decision-making. It is important to note however, that this is not to say that the 

perception-action coupled decision in the in-situ condition are more similar or representative 

to decisions that would be made in competitive situations (e.g., in competitive environment 

there is only one chance, there is a moving goalkeeper etc.). Yet, the present effects of 

perception-action coupling do suggest that it is one of the factors to consider when planning 

research and testing methods for self-paced decision-making tasks such as the free-kick in 

soccer. 

In this respect, it is also important that there may be other factors than perception-

action coupling that might have contributed to the difference in decision-making profiles 

between the IS- and LB-conditions. Firstly, participants received feedback regarding the 

appropriateness of their decisions in the IS-condition as the free-kick task was actually 

performed, while such information could not be obtained in the LB-condition. However, 

analyses did not reveal a significant change in participants’ decisions after an unsuccessful 

kick (Fig. 3a). After a successful kicks, however, participants tended (although this was not 

statistically reliable) to select the top-right TA (TA7) at the expense of the top-middle area 

(TA5) location selections, which might suggest that after a successful kick, participants used 

a less cautious response criterion for choosing targets (Fig. 3b). Surely, the putative shift can 

not explain the more cautious decision-making profile for the IS than for the LB conditions. 

In addition, the use of a goalkeeper dummy may have influenced the decision of the 

participants in which they were comfortable in aiming just outside the corner areas of the 
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goal knowing that the goalkeeper would not move to intercept it, despite instructions to 

participants to imagine the goalkeeper would. A goalkeeper dummy was chosen to increase 

comparability between the two conditions, but it goes without saying that future research in 

in-situ should consider the effects of a penalty takers’ knowledge of the agility and 

preferences of the goalkeeper. In doing so, we may be able to uncover what factors (including 

perception-action coupling) are representative design requirements both for research and for 

training. 

In summary, the variation in the decision-making profiles of participants across 

conditions highlight that the degree of perception-action coupling within a self-paced far 

aiming task can yield different decision-making profiles. We have argued that this is most 

likely due to decision-making (i.e., perceptual judgments) being grounded in action, that is, 

intrinsically constrained by the action capabilities of the perceiver.  
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Chapter 3 

Action-specific effects on perception are grounded in affordance 

perception: an examination of soccer players' action choices in a free-kick 
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Abstract 

The aim of the current study was to investigate how performance accuracy on a soccer free-

kick task affects perception of the distance between the ball and goal as well as the 

perception of kickability. It was hypothesized that action-specific biases in perception of 

environmental properties (i.e., distance) would be grounded in affordance perception (i.e., 

kickability). We used a modified staircase procedure in order to investigate the accuracy with 

which skilled soccer players were able to perceive whether  free-kick situations presented 

over a wide range of distances from goal were kickable or not. Participants were also 

required to estimate the distances of the free-kicks from goal using a perceptual-matching 

task. Results showed that distance perception was correlated with kicking performance, but 

only at the boundary of the participants’ perceived kick capability. It was also found that 

perception of kickability was more strongly related to success in the free-kick task than 

distance perception per se. Results support the notion derived from Proffitt's (2006) account 

that action-specific effects on the perception of the environment properties are grounded in 

the perception of affordances.  
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Introduction 

 In competitive sports, players are constantly under pressure to make decisions 

regarding future actions that will gain them an advantage over their opponents. This is not 

only true for dynamic open play situations, but also for set plays, in which the environment 

remains relatively stable, such as the free-kick in association football (i.e., soccer). Free-kicks 

are considered important scoring opportunities in soccer (Alcock, 2010) but only after the 

player aptly decides that shooting at goal is the more appropriate action to perform, instead 

of, for instance, crossing the ball to a team-mate who is in a better position to score. 

Intriguingly, different players may make different decisions, even though the environment is 

similar, suggesting that the perception of the environment does not uniquely depend on the 

available information regarding physical properties. For example, in an early study by Cohen 

and Dearnaley (1962) soccer players dribbling with a ball towards the goal, which was 

defended by a goalkeeper, were found to make different judgements regarding the (maximal) 

distance from the goal they would attempt to shoot from. The (maximal) distances they chose 

were correlated to the players’ level of shooting capability. This suggests that the perception 

of the environment is grounded in action and is not only a function of spatial information of 

the current situation.  

The conjecture that perception of the physical environment is not solely a function of 

spatial information, but is grounded in an individual perceivers’ action capability resonates in 

recent embodied approaches to perception (e.g., Proffit, 2006; Witt, 2011). For example, 

athletes who make more successful field goal kicks perceive the goal to be wider (Witt & 

Dorsch, 2009), and golfers who are playing better in a given round perceive the hole to be 

bigger (Witt, Linkenauger, Bakdash, & Proffitt, 2008; Cañal-Bruland, Zhu, Van der Kamp, & 

Masters, 2011). In addition, perceivers who have exercised heavily, perceive hills as steeper 

than before they were fatigued, and people that wear heavy backpacks perceive hills to be 
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steeper than people who are not wearing the heavy backpacks (Bhalla & Proffitt, 1999; 

Proffitt, Stefanucci, Banton, & Epstein, 2003; but see Schnall, Zadra, & Proffitt, 2010). 

Although the underlying causes are heavily debated, particularly for the latter series of 

studies (e.g., Durgin, Baird, Greenburg, Russell, Shaughnessy, & Waymouth, 2009, Durgin, 

Klein, Spiegel, Strawser, & Williams, 2012), the findings do contradict the often held 

assumption that perception of the world is of Euclidean properties and accurate and reliable. 

Instead, people may perceive the environment in relation to their potential to act on the 

environment (Proffitt, 2006, 2013; for alternative interpretations see Durgin et al., 2012, 

Firestone, 2013). 

Proffitt (2006) has argued that these action-specific effects on perception function to 

enhance adaptive choices for future actions. Fatigued perceivers, for whom action capabilities 

are temporally reduced, overestimate the steepness of a hill, leading to fewer occasions in 

which they make futile attempts to climb a hill that is too steep, thereby preventing needless 

energy expenditure and/or possible injury. In other words, the reported action-biases in 

perception may ensure safe, economical behaviour within an environment. This is neatly 

supported in a study by Lessard, Linkenauger, and Proffitt (2009) in which participants had 

to indicate whether or not they thought they were able to jump across a gap between two 

wooden platforms and then estimated the distance of the gap. The participants initially 

completed the tasks under standard jumping conditions, but repeated them while wearing 

ankle weights, which reduced their jumping capabilities. Consistent with earlier work, 

participants perceived the (Euclidean) distance between platforms to be longer when wearing 

the ankle weights. However, these action-specific effects on the perception of distance were 

only found when the participants indicated that they were able to jump across the gap. The 

authors suggested that perception of environmental properties is scaled to action capabilities, 

but only if it is directly relevant for performing the action. With the platform beyond action 
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space, the perception of the distance between the two gaps was no longer affected by jumping 

capability. 

Proffitt's conjecture that perception of the environment is grounded in action finds its 

roots in Gibson’s (1979) ecological approach to perception and action. Indeed, the key 

concept within the ecological approach is that people perceive the environment in terms of 

how they can act within it. Gibson coined these opportunities for action affordances and 

additionally argued that affordances are the primary objects of perception. In other words, 

what a perceiver perceives in the first instance is not the (absolute) steepness of the hill but 

whether or not the hill is climbable; or not the height of a wall, but whether or not it is 

jumpable (Proffitt, 2006; Taylor, Witt, & Sugovic, 2011). Importantly, an affordance does 

not uniquely refer to the environment, but expresses a mutual relationship between the 

perceiver and the environment. That is, whether or not the hill is climbable not only depends 

on the hill’s steepness, but also on the perceiver's current capability to climb it. The mutuality 

and reciprocity between the perceiver and its environment shift the researchers analytical 

focus from either solely on the individual, or solely on the environment, to the relationship 

between the two (Araújo, Davids, Cordovil, Ribeiro, & Fernandes, 2009; Withagen & Van 

der Kamp, 2010).  

If it is indeed the case that affordances are the primary objects of perception, then the 

perception of spatial properties of the environment such as slope, distance and height would 

actually originate in or be secondary to the perception of affordances. Hence, to make 

adaptive action choices, it is imperative that individuals are able to perceive what the 

situation affords them in terms of their own action repertoire. That is, the perception of the 

spatial properties of the environment should be scaled to an individual’s current capability to 

perform the intended action. The implication is that the previously observed action-specific 

effects on the perception of the spatial properties of the environment are derived from 
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affordance perception. At least, this is clearly echoed in Proffitt’s (2006) theoretical 

arguments.  

To date however, research into action-specific effects on perception has typically only 

provided measures of the perception of spatial (Euclidian) properties, without providing 

measures for the  accuracy of the perception of affordances (e.g., Cañal-Bruland & Van der 

Kamp, 2009; Witt, Proffitt, & Epstein, 2004). If indeed affordances are the primary objects of 

perception, one would expect that the accuracy with which an individual can perceive 

whether an action is possible or not is more strongly related to success in performance than 

the accuracy of the perception of absolute spatial properties. 

 In order to (further) investigate this conjecture, we assessed free-kicking capability 

over a wide range of distances from the goal (i.e., performance), and the player’s perceptual 

estimates of these distances (i.e., perception of spatial properties). Importantly, however, we 

additionally set out to test the accuracy with which skilled soccer players perceive whether 

soccer free-kicks, across these distances at a wide range of distances from goal, are kickable 

or not (i.e., perception of affordances), using a previously validated modified staircase 

procedure (Adolph, 1995, 1997; see also van Hof, Van der Kamp, & Savelsbergh, 2008, for 

more detail see Procedure and Design below). We hypothesized that if the perception of 

spatial properties is grounded in affordance perception, than the perception of kickability 

would be more strongly related to kicking success than the perception of distance. In 

addition, we expected that inaccuracies in the perception of spatial properties, would be 

largest at the boundaries of the perceiver’s action capability (i.e., at the critical regions of 

affordance perception) because this would promote adaptive perception for safe and 

economical action choices.  
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Methods 

Participants  

Fifteen intermediate skilled amateur football players (Age: 18-23 yrs, mean 19.87 ± 

1.6 yrs; Experience: 4-14 yrs, mean 10.06 ± 2.99 yrs) participated in this study. All 

participants were members of the Goldfields residential football team, currently competing in 

the local university, hostel Super League in South Africa. This league is the University 

second division league (i.e., National third division standard). All participants were right 

footed players and all signed a written inform consent form before the start of the study. The 

study was approved by the local university’s ethical guidelines. 

Apparatus  

 Participants performed both a free-kick task, and a distance perception task. The 

experiment took place on an artificial turf soccer field provided by Lentelus Soccer 

Academy, Stellenbosch, South Africa. A “FIFA-Approved” size 5 football with standard 

inflation was used.  

The free-kick action choice task consisted of the following: The baseline structure of 

the free-kick task involved a football being placed at a distance of 19 m from the byline5, 

5.75 m to the left of the centre of the goal (Savelsbergh, Cañal-Bruland, & Van der Kamp, 

2012; Paterson, Van der Kamp, Bressan, & Savelsbergh, 2013). Further, a free-kick practice 

wall with three removable practice dummies (each 0.7 m in width and 1.80 m in height) was 

used. The wall was placed between the ball and the goal at a distance of 9 m from the byline 

and 5.75 m to the left6 of the centre of the goal. A free-kick practice goalkeeper (also a 

practice dummy of 0.70 m in width and 1.80 m in height) was also placed 1.83 m from the 

right goal post along the goal line. Free-kick distance was always increased or decreased (see 

                                                 
5
 A term often used to refer to the portion of the goal line outside of the goal posts. The byline runs from both 

goalposts to the corner flags on either side of the field.  
6
 Here and further, direction is always indicated from the perspective of the free-kick taker, e.g., the left post is 

the post to the left side of the free-kick taker (i.e., to the right of the goalkeeper). 
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below) from the goal area by placing the soccer ball at differing positions along this 5.75 m 

to the left of the centre of goal line that ran from the byline to the halfway line (i.e., the 

distance line). This distance line ran from a yellow cone (cone 1) located on the byline, all the 

way to a second yellow cone (cone 2) placed on the half way line. (See Fig. 1 for original 

setup). In order to have quick distance measurements, a 50 m measuring tape was placed 

along the distance line, with one side of the tape being blotted out so that participants were 

unable to view the measurements during the task. In order to create the goal target area, the 

goal (i.e., 2.44 m height by 7.32 m wide) was divided into two equal areas by tying a string 

with a weight to the centre point (i.e., 3.66 m) of the crossbar (i.e., left and right half). The 

left half of the goal was used as the goal target area. A second target area (i.e., box target 

area) was constructed inside the penalty box area if participants decided not to shoot at goal, 

and rather pass/cross to a team mate. A square area of 6 m x 6 m, which began from a point 6 

m from the byline, 5.75 m to the right of the centre of the goal and projected to the right of 

the goal area was constructed for this purpose. A practice dummy was placed in the middle of 

this area and was seen as a ‘team-mate’ of the participant taking the free-kick (see Fig.1).  

A digital video camera (Sony DCR-HC62) was placed 17 m from the goal line, 

perpendicular to the goal centre at a height of 1.70 m in order to record the decision as well 

as its outcome (see below). Finally, for the distance estimation task, the ball was placed at 

different positions along the same distance line (see Fig.2). 

 

Procedure and design 

Free-kick action choice task 

For the free-kick action choice task, each participant was tested individually. On 

arrival, participants performed a familiarisation task. This involved participants kicking the 

ball used in the subsequent free-kick task into a target area measuring 1.83 m in length x 2.44 
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m in height by tying a string with a weight to the crossbar of the goal 1.83 m from the right 

goal post. The ball was placed on the outer penalty area line (16.46 m from the goal line), in-

line with the centre of the target area. Participants were instructed to kick the ball into the 

target area and were required to perform 10 trials. No dummies were present. This served as a 

kicking accuracy warm-up for participants.  

Participants then began the free-kick action choice task. During each presentation of a 

free-kick, participants were required to make a decision to kick at either the goal target area 

in order to attempt to score a goal, or towards the box target area in an attempt to cross/pass 

to a team mate. Participants were presented with between 12 – 28 (M = 18.6 ± 4.39) free-kick 

trials (see Table 1 for group statistics).  

 

Table 1. Group Characteristics (Mean ± SD) 

Variable Height (cm) Weight (kg) 
Max Kick 

(m) 
Total Trials 

Succ. Prop 

(%)* 

Fail. Prop 

(%) 

Ref. Prop 

(%) 

Mean ± 

SD 
176.2 ± 8.88 76.87 ± 8.48 45.52 ± 7.46 18.6 ± 4.39 

30.42 ± 

17.60 

69.58 ± 

17.60 
26.44 ± 6.19 

*Successful proportion and fail proportion, excluding refusal proportion equals 100% 

 

Within the experiment, we calculated two separate boundary scores for each 

participant, a perceptual boundary, and a kicking (i.e., action) boundary. For the perceptual 

boundary, we used the modified staircase method (van Hof et al., 2008) to determine for each 

participant, the furthest distance from the goal that he perceived he had a realistic chance of 

scoring a goal (within the goal target area) from a free-kick. Participants were told to view 

each free-kick action choice trial from the customary viewpoint (as in competition) and 

decide at each specific distance, what they would do considering the following options. If 

participants decided that they had a realistic chance of scoring a goal by kicking the ball into 

the goal target area, considering that the goalkeeper would be able to move, as in 

competition, they were required to attempt to kick the ball into the goal target area (i.e., the 
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outcome is either successful or a failure in kicking the ball into the goal target area). If 

however they felt they did not have a realistic chance of scoring a goal from the specific 

distance, taking into consideration that the goalkeeper was able to move, as in competition, 

they were then required to cross/pass the ball into the penalty box area, in which a team mate 

was waiting to receive the ball in a better position than the free-kick taker to score a goal (i.e., 

refusal to shoot at the goal target area). The perceptual boundary would be the furthest 

distance from the goal area that the participant attempts to shoot for the goal target area 

within the free-kick task. This was defined as the furthest distance from goal at which the 

participant decided to shoot at the goal target area at least twice out of three attempts. The 

instructions emphasized that players were to act as if they were in competition and that their 

success rates when their decision was to shoot for the goal target area were used to score 

them in the test. The second boundary, namely the kicking boundary, was defined as the 

furthest distance at which the participant was actually successful at kicking the ball into the 

goal target area at least twice out of three attempts (i.e., based on actual kicking 

performance). Kickers were not advised that perceptual and action boundaries were 

determined. 

In the initial baseline free-kick trial (Fig.1), the distance of the ball from the goal area, 

was 19 m along the distance line (with the 3 man defensive wall placed between the ball and 

the goal area, 9 m from the goal line). In subsequent trials, the distance of the free-kick was 

either increased by 2 m increments after 2 consecutive attempts at the goal target area 

(irrespective of whether the ball successfully entered the goal target area) or decreased by 1 

m along the distance line after a two consecutive refusals (i.e., kicked in the direction of box 

target area). The defensive wall was manipulated with the same distance increments and 

decrements in order to keep the distance between the ball and the wall a constant 10 m. The 

experiment was terminated once the participant refused to shoot at goal twice out of three 
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attempts at a specific distance, and then refused twice out of three attempts at the next 

decrement.  

 

 

 

 

 

 

 

 

 

Figure 1: Birds eye view of the experimental set-up for the free-kick task for the first trial 

with future increments (or decrements) of ball distance being placed along the distance line.   

 

Distance estimation task  

After the free-kick action choice task was completed, the perceptual boundary was 

calculated for the participant, the distance of which was used to set the distances tested in the 

estimation task. In order to familiarize the participants with the distance estimation task, the 

researcher allowed the participants to practice the procedure explained below on a separate 

part of the soccer field. Two yellow cones were placed 15 m from each other. The researcher 

placed the ball 5 m from cone 1 and instructed the participant to view the distance between 

the ball and the cone, pick up the ball, turn 180 degrees, and place the ball the same distance 

from cone 2 that he believed matched the distance of the ball to cone 1. The participant was 

presented with two more distances from cone 1, namely 8 m and 10 m, in order to get the 

participant familiar with the task. After this period, the perceptual estimation task started.  
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The researcher placed the soccer ball along the distance line, at 9 specific distances 

from the goal area (i.e., cone 1 located on the byline) in relation to each participant’s 

calculated perceptual boundary for free-kicking. The participant viewed the presented trial 

from the customary free-kick position, picked up the ball, turned 180 degrees, and then 

placed the ball from cone 2 at a distance he believed was the same as from the ball to cone 1. 

The 9 distances were determined as percentages of the perceptual boundary and presented to 

participants (randomized) as follows:  1) 20 %, 15 %, 10 % and 5 % within the boundary, at 

the boundary, and 5 % ,10 %, 15 %  and 20 % beyond the perceptual boundary. Within the 

boundary refers to distances in between the perceptual boundary and the byline (i.e., 

perceived as kickable), while beyond boundary refers to distances between the perceptual 

boundary and the halfway line (i.e., perceived as not kickable, see Fig. 2).  

 

 

 

 

 

 

 

 

 

 

Figure 2: Birds eye view of the experimental set-up for the distance estimation task.  

Statistics 

The performance of the participants in the free-kick action choice task was verified 

offline from the videotape recordings to determine their perceptual and kicking boundaries. 
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We categorized each trial as either a successful attempt (i.e., attempted to kick at the goal 

target area and ball entered the goal target area), a failure (i.e., attempted to kick at the goal 

target area but ball failed to enter the goal target area), or a refusal (i.e., kicked towards the 

box target area). The success percentage was calculated as successes / [successes + failures] * 

100% and served as a measure of free-kick performance accuracy. Failure percentage was 

designated by failures / [failures + successes] * 100 %, and the refusal percentage by refusals/ 

[refusals + successes + failures] * 100 %. The refusal proportion, therefore, included all free-

kick attempts to both the goal and box target areas.  

 The perceptual boundary was defined as the furthest distance from the goal area that 

the participant attempted to shoot for the goal target area within the free-kick task, that is, 

furthest distance from goal at which the participant decided to shoot at the goal target area at 

least twice out of three attempts (see Van Hof et al., 2008). The kicking boundary however 

was defined as the furthest distance at which the participant was actually successful at 

kicking the ball into the goal target area at least twice out of three attempts (see Van Hof et 

al., 2008). This implies that for each individual participant, not each ball at every distance 

below the kicking boundary had to successfully enter the goal; hence, the success percentage 

could be less than 100 % below the kicking boundary. In addition, participants could be 

successful at distances above the kicking boundary, but never more than twice for the same 

distance; hence, the success percentage could never be more than 50 % beyond the kicking 

boundary.  

We then calculated the difference between the perceptual and kicking boundaries, 

which served as the primary measure of the accuracy of the participants’ perceptual 

judgement of kickability (i.e., a measure of affordance perception accuracy); a small 

difference would indicate the two boundaries are well attuned and the perceptual accuracy of 

kickableness is high. A dependent t-test was used in order to investigate whether a significant 
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difference existed between the two boundary distances. The relationship between boundary 

difference (i.e., accuracy of affordance perception) and success percentage in the free-kick 

task was evaluated using a Pearson correlation analysis.  

 In order to investigate the accuracy at which participants could estimate the distance 

of the soccer ball from the goal area, we used the difference between estimated distance of 

the ball from goal and the actual distance of the ball from goal (m). A score of zero error 

would, therefore, indicate a perfect estimation of the distance of the ball from goal. Negative 

errors in value, therefore, constitute an underestimation of distance while positive error 

values constitute an overestimation of distance. 

Initially we investigated the relationship between mean error in distance estimation 

across all locations and success proportion using a Pearson correlation analysis. We further 

analysed the relationship between distance estimation and success percentage in the free-kick 

task in three grouped distance regions, namely, within-boundary (i.e., at 20, 15, and 10 % 

within the perceptual boundary), around-boundary (i.e., 5 % within, at boundary, and 5 % 

beyond the perceptual boundary), and beyond-boundary (i.e., 10, 15, and 20 % beyond the 

perceptual boundary) again using Pearson correlation analyses.  

Finally, a backward linear regression with both boundary difference and error in 

distance estimation entered as predictor variables was used in order to investigate which of 

(or combination of) the variables significantly contributed to the prediction of success 

percentage in the free-kick task.  

 

Results 

Figure 3 shows furthest distances that participants perceived that they would be 

successful at scoring a goal from a free-kick (i.e., perceptual boundary) and the furthest 

distance they were in fact successful at scoring a goal from a free-kick (i.e., kicking 
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boundary) for each of the 15 participants. As can be deduced from Figure 3, the mean 

perceptual boundary (M = 29.7, SD = 3.90) is significantly higher than the kicking boundary 

(M = 21.3, SD = 3.58), t(14) = 5.35, p < 0.01, r = .60), indicating a clear inclination to 

overstimate free-kicking capability. Mean boundary difference within the group was 8.4 ± 

6.08 m.  

 

 

Figure 3: The perceptual boundary (      ) and kicking boundary (     ) distances for each 

participant. The discrepancy between the two is the boundary difference, which serves as the 

measure of the accuracy of free-kick kickableness (i.e., affordance perception). 

 

 The relationship between the boundary difference and success percentage within the 

free-kick task can be seen in Figure 4. Correlation analyses showed that a significant negative 

relationship existed between the two variables (r = -0.665, p < 0.01). Smaller differences 

between kicking and perceptual boundaries were associated with higher success percentages, 

indicating that the more accurate a participant was at perceiving the kickability of the free-

kick, the more successful they were in the free-kick task.  
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Figure 4: Relationship between boundary difference and the success percentage.            

 

 We then investigated the error in distance estimation at each of the 3 grouped distance 

regions relative to the individual perceptual boundaries, namely within-boundary (M = -1.68, 

SD = 2.10 m), around–boundary (M = -2.54, SD =1.87 m), and beyond-boundary (M = -

1.79, SD = 1.76 m). Although participants on average appeared to underestimate the distance 

of the ball from goal further at estimations around-boundary scores compared to the other 

two distance regions, an analysis of variance showed that this difference was not significant 

(F(2, 28) = 1.204, p = 0.315, η²ρ = 0.079).  

Figure 5 shows the correlations between the mean error in estimations at within-, 

around, and beyond-boundary with success percentage in the free-kick task. Correlation 

analysis results showed that errors in estimations within-boundary were not significantly 

related to success percentage (r = .222, p > 0.05). A similar result was found for estimations 

beyond-boundary (r = .215, p > 0.05). However, a significant positive relationship existed 

between errors in distance estimation at around-boundary and success percentage (r = .536, p 

< 0.05). The results, therefore, suggest that there is a relationship between errors in distance 

estimation and successful performance, but only with estimations that occurred around the 

behaviourally critical perceptual affordance boundaries.  
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Figure 5. Relationships between errors in distance estimation for A) within- , B) around-, and 

C) beyond-boundary, and the success percentage. 

 

Results thus indicated that boundary difference was negatively correlated with success 

percentage in the free-kick task. With regards to distance estimation, error around the 

perceptual boundary was the only other variable to significantly (and positively) correlate 

with success percentage in the free-kick task. To see which variable should get explanatory 

priority, we used a backward stepwise regression to assess which of (combination of) these 

variables significantly contribute to predicting successful percentage within the free-kick 

task. Note that we hypothesized that affordance perception (i.e., kickability) would be the 
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main candidate, with perception of the environmental properties (i.e., distance) being 

secondary only. 

The final prediction model contained only one of the two predictor variables and was 

reached in two steps with one variable removed. Results of the analysis are reported in Table 

2. This shows that Model 1, which contained both predictor variables, was found to be a 

significant prediction model of success percentage (F(2, 12) = 4.866, p = 0.028) and 

accounted for approximately 45% of the variance (R2 = .448, adjusted R2 = .356). However, 

in step two of the regression analysis, the error in distance estimation around-boundary was 

not found to significantly contribute to the prediction model and was removed from the 

prediction model (partial correlation: r = .090, p > 0.05). Model 2, which now contained only 

boundary difference, was found to be a significantly improved prediction model of success 

(F(1, 13) = 10.350, p < 0.01) and accounted for approximately 43% (R2 = .433, adjusted R2 = 

.400) of the variance of success percentage.   

 

Table 2: Results of the Backward Stepwise Regression using Boundary Difference and Error 

in Estimation of Distance Around-Boundary to Predict Success proportion. 

  B SE B Beta (Std) Partial 

Constant .473 .067   

Boundary difference -.017 .009 -.591 .090 

Distance estimation 
around-boundary 

-.010 .030 .101 -.469* 

Constant .467 .062   

Boundary difference -.019 .006 -0.666* -0.666 

*p<0.05 

Discussion 

The action-specific account (Proffitt, 2006), which is rooted in Gibson's (1979) 

ecological perspective, favours the notion that people perceive situations within an 

environment in terms of affordances, or action opportunities, by relating (spatial) properties 



69 
 

of the environment to the perceiver's action capability. Consequently, physically similar 

environments will be perceived differently by participants with different functional 

capabilities or the same perceiver as functional capabilities change (Witt, 2011). Proffitt 

(2006) has argued that these action-specific effects on perception function to enhance 

adaptive choices for future actions by promoting economic and safe behaviour within the 

environment (also see Profitt, 2013, Witt, 2011). For example, fatigued individuals perceive 

the slope of a hill to be steeper than it actually is (Bhalla & Proffitt, 1999), which would 

entice the perceiver to choose not to climb the hill, preventing the unnecessary wasting of 

energy, or even possible injury (for alternative interpretations however, see Durgin et al., 

2009; Durgin et al., 2012; Firestone, 2013).  Within the action-specific account the 

conjecture, therefore, is that affordances are perceived in such manner that at the limits of the 

perceiver’s action capability, perception of the environment is such that it promotes 

economical behavioural choices within an environment. The biased perception of the spatial 

properties of the environment, that is the so-called action-specific effects on perception, 

would thus originate in affordance perception. This leads to the prediction that performance 

within an environment would be more strongly related to affordance perception than to the 

perception of the spatial properties of the environment, in particularly at the boundaries of the 

perceiver’s action capabilities. Results of this study suggested this to be the case.  

The performance of the soccer players in our study within the free-kick task was more 

strongly related to the accuracy with which they were able to perceive the affordance of 

kickability than to perception of the distance of the free-kick location from goal. Secondly, 

the performance specific effects on perception of distance were more exaggerated at areas 

around the perceived limits of kicking capability. Together this clearly supports Proffitt’s 

(2006) conjecture that affordance perception underlies the current and previously observed 

action-specific effects on perception of the properties of the environment. 
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The finding that distance perception was on average more strongly related to free kick 

performance at regions around the critical perceptual kicking boundary compared to areas 

within or beyond this boundary support the ideas put forth by Proffitt (2006) in his economy 

of action theory. Proffitt (2006) argued that perceptual accentuation of properties such as 

distance would be largest at the boundaries of an individual's action capability, because this 

would be adaptive in preventing the individual from performing actions that are outside of 

their current action capability (Proffitt, 2006). Support for this idea was provided by Lessard 

et al. (2009), who showed that participants whose jumping capability had been reduced by 

wearing ankle weights viewed jumpable gaps (rather than gap distance) as longer compared 

to when they were not encumbered with the weights. The argument is that, when the distance 

of the perceived gap is at the limit of one's action capability, distance would encourage the 

performer to decide not to attempt an action that maybe unsafe or risky. When distances are 

well within or beyond the boundary, accentuation will have no adaptive benefit and hence 

perception will no longer be scaled to the capability to perform the intended action. These 

findings indeed support the notion that perception of spatial properties of the environment are 

secondary to the affordance perception by accentuating individuals to perceive what actions 

are within their current action capabilities and which are not (see also Cañal-Bruland & Van 

der Kamp, 2009). 

This reasoning requires that affordance perception be more strongly related to 

performance compared to the accuracy with which individuals perceive spatial properties 

such as distance. The regression analyses support this notion. Yet the modified staircase 

procedure used in the study revealed that participants on average overestimated their kicking 

capability by attempting to shoot at goal at distances that were outside of their kicking 

capability. That is, on average, the skilled soccer players tended to take free-kicks that were 

too difficult to convert into a goal. However, based on Proffitt’s (2006) economy of action 
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principle, underestimations of kicking capability would have been expected, since contrary to 

overestimations, underestimations do not lead to wasted free-kicks. Yet, overestimation of 

action abilities may not be uncommon in sporting situations as players constantly strive to 

perform at the limits of their action capability in order to gain an advantage over their 

opponents rather than avoiding risks (Fajen, et al., 2009). The fact that there is slight 

overestimation of kicking capability in an attempt to score a free-kick may therefore be 

expected. Future research using higher level, specialist free-kick takers may shed more light 

on this matter. Nevertheless, the results indicated that the more accurate a person is at 

perceiving the affordance of kickability, the more successful they were in the free-kick task. 

Put simply, a smaller difference between the perceptual and kicking boundary scores 

indicated a more successful free-kick taker in the task. Fajen et al. (2009) have argued that 

more successful athletes are those that perceive more accurately what they can and cannot do, 

and rarely attempt things that are not within their capability. Accordingly, Bruce, Farrow, 

Raynor, and Mann (2012) showed that expert netballers were better decision makers not 

because of the fact that they chose the more appropriate decision more than the development 

or near-expert players, but because they made decisions that they were able to execute 

successfully on a consistent basis. The present findings in free-kicking neatly accord with 

such an account. Better performers where more successful in their free-kick task as they were 

more accurate at perceiving what was possible and what was not possible which is supported 

by the scaling of environmental properties to the current action capability of the performer.  

In summary, we found that affordance perception was more strongly related to 

successful performance within a free-kick task when compared to the perception of distance 

suggesting that affordances are in fact the primary objects of perception. In line with this 

finding, distance perception was found to be related to performance but only around the 

behaviourally critical perceptual boundaries, supporting the notion that distance perception is 
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specific to action capability, which in turn, serves to assist individuals to perceive what the 

environment affords them in terms of behaviour. Action-specific effects on perception of the 

environment are indeed grounded in affordance perception. 
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Chapter 4 

The differential effects of task difficulty on the perception of passing 

distance and subsequent passing action in a field hockey push pass task 
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Abstract 

The aims of the study were to initially investigate whether the perceived distance of a field 

hockey push pass task was influenced by manipulating task difficulty (Experiment 1), and 

further, expanding on the research, whether perceptual biases would translate into the 

execution of a corresponding push pass action (Experiment 2). Based on predictions from the 

two-visual systems model, we hypothesized that the action-specific perceptual biases in 

distance perception would not translate into the control of movement. In Experiment 1, elite 

field hockey players estimated the distance from targets that differed in size before making 

push pass actions towards the target (i.e., the smaller targets being more difficult). Results 

showed that participants did estimate the perceived distance of the push pass task to be 

larger as a function of task difficulty. We found a similar result in Experiment 2, and in 

addition, manipulated the required outcome of the push-pass while measuring the speed of 

the push-pass and found that a perceptual bias did not translate into the execution of the 

actual push pass task (Experiment 2). In line with the action-specific account of perception, a 

perceptual bias arose that may assist in making adaptive action choices. However, consistent 

with the two-visual systems model, this perceptual bias did not affect subsequent control of 

movement, preventing it from becoming maladaptive. Implications for talent identification 

and development are briefly discussed.  
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Introduction 

Reminiscent of Gibson’s theory of affordances, there is a growing awareness that 

perception of the environment is embodied (e.g., Proffit, 2006; Witt, 2011). Indeed, empirical 

research increasingly supports the contention that the phenomenal experience of the 

environment is grounded in the perceiver’s potential to act (Creem-Reghr, Gooch, Sahm, & 

Thompson, 2004; also see Paterson, Van der Kamp, Bressan, & Savelsbergh, 2016. 

Accordingly, the perception of the environment is scaled to the benefits and costs associated 

with achieving (or failing to achieve) a behavioural goal. For example, people who have 

exercised heavily perceive hills as steeper than before they were fatigued, just as people that 

wear heavy backpacks perceive hills to be steeper than people who are not wearing the heavy 

backpacks (Bhalla & Proffitt, 1999; Proffitt, Stefanucci, Banton, & Epstein, 2003; Schnall, 

Zadra, & Proffitt, 2010). Similarly, perceivers experience a target distance to be further away 

when encumbered by a heavy backpack relative to when they were not wearing the backpack 

(Proffitt, et al., 2003), or estimate the distance of a gap to be larger when wearing ankle 

weights compared to when not wearing these ankle weights (Lessard, Linkenauger, & 

Proffitt, 2009). In all likelihood, these perceptual overestimations function to withhold people 

from climbing impossible hills, preventing injury, or other (energetic) costs.  

Although the underlying causes for the above mentioned results have been debated 

(e.g., Durgin, Baird, Greenburg, Russell, Shaughnessy, & Waymouth, 2009; Durgin, Klein, 

Spiegel, Strawser, & Williams, 2012; but see Laitin, Tymoski, Tenhunfeld & Witt, 2019), the 

findings do contradict the often held assumption that perception of the world is accurate and 

reliable within an Euclidean frame of reference. Instead, people perceive the environment in a 

manner that is scaled to their potential to act on the environment, a theory that Proffitt termed 

the action-specific account (Proffitt, 2006, 2013; for alternative interpretations see Durgin et 

al., 2012, Firestone, 2013). The roots of Proffitt's conjecture that perception of the 
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environment is grounded in action are found in Gibson’s (1979) ecological approach to 

perception and action. The key concept within the ecological approach is that people perceive 

the environment in terms of how they can act within it. Gibson coined these opportunities for 

action affordances. For Gibson, affordances are the primary objects of perception. This 

implies that what a perceiver perceives in the first instance is not the (absolute) steepness of 

the hill in some arbitrary spatial metric, but whether or not the hill is climbable; or, not the 

distance of the gap, but whether or not it is jump-over-able, and so on (Proffitt, 2006; Taylor, 

Witt, & Sugovic, 2011).  

Proffit has argued that an actor’s perception of the environment in terms of their own 

current action capabilities grants a significant adaptive advantage for selecting future actions 

(2006, 2013; see also Cañal-Bruland & Van der Kamp, 2015; Masters, Capio, Poolton & 

Uiga, 2018). For example, fatigued or tired-legs reduce a climber’s action capabilities, which 

would now render some hills too steep to climb compared to when they were not in this 

fatigued state and the hills were in fact climbable. A perceptual bias to overestimate the 

steepness of these hills would be adaptive because it would make the climber more inclined 

to perceive them as un-climbable. This leads to fewer occasions in which the climber makes 

futile attempts to climb a hill that is too steep and prevents needless energy expenditure 

and/or possible injury. Importantly however, the same perceptual bias would be maladaptive 

if it would translate into the control of movement as this may result, if the climber decides to 

ascend the hill, in the movement becoming inaccurate and eventually, to the failing of the 

action. This raises the issue whether or not these perceptual biases, which have been 

described as being adaptive for action selection, translate into the (subsequent) control of 

action.  

 The two-visual system model proposed by Milner and Goodale (1995, 2008) speaks 

to this issue. Milner and Goodale hold that the visual system comprises two neuro-
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anatomically and functionally distinct but interacting systems. The vision for perception 

system (i.e., the ventral system) serves to support the perception of objects, events, and places 

in the environment and is the system that supports the perception of affordances (Van der 

Kamp, Rivas, Van Doorn, & Savelsbergh, 2008). The second system, vision for movement 

(i.e., the dorsal system), serves the control of movement execution. Among others, support 

for the two-visual systems model comes from observations of neurological patients and 

experimental studies with optical illusions studies in healthy participants (see Bruno, 

Bernadis, & Gentilucci, 2008; Milner & Goodale, 2008). For example, Aglioti, DeSouza, and 

Goodale (1995) reported that participants who were asked to grasp the larger of two disks 

that were embedded in different variations of the Ebbinghaus illusion, chose the apparently 

larger disk (highlighting that the illusion biased the perception of which disk was larger) but 

still adjusted grip aperture according to its physical size (highlighting that the illusion did not 

bias movement control; see also Van Doorn et al., 2007). Although, these and other empirical 

findings have been criticized, leading some to downright reject the two-visual systems model 

(e.g., Franz, Gegenfurtner, Bulthoff, & Fahle, 2001; Smeets & Brenner, 2006), by and large it 

is widely accepted that perception and movement control do not completely overlap as far as 

the use of visual information is concerned (Bruno et al., 2008; Stottinger, Aigner, Hanstein, 

& Perner, 2009; Stottinger, Pfusterschmied, Wagner, Danckert, Anderson, & Perner, 2011). 

Following this, a bias in spatial perception does not necessarily have to translate into 

movement control.  

In fact, Bhalla and Proffitt (1999) have previously used the two-visual systems model 

to explain one particular aspect of their observations. They found that the overestimation of 

hill steepness by participants encumbered by a heavy backpack was restricted to verbal and 

visual judgments. However, when participants haptically indicated the hill’s steepness by 

aligning a tilt board mounted on a tripod with their (unseen) hand to the slope of the hill, no 
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overestimation occurred. Proffitt and Bhalla argued that the vision for perception system 

informed the conscious verbal and visual judgements, while the haptic judgements would 

have relied on the vision for movement system. Unlike verbal and visual measures, the haptic 

measure is unbiased because it exploits the metrically accurate vision for movement system.  

 This argument however may be flawed. The fact that a task involves muscles or 

movements does not automatically implicate engagement of the vision for movement system 

(Milner & Goodale, 2008). It is a task’s goal (i.e., its function) and not the absence or 

presence of movement per se that sets perception and movement control apart (see also 

Bridgeman, Peery & Anand, 1997; Van Doorn, Van der Kamp & Savelsbergh, 2007). For 

example, in many studies, participants are asked to match grip aperture to the size of an 

object to indicate its size, and then to actually grasp and pick-up the object. Even though both 

tasks –arguably- require similar hand movements, grip aperture is only biased in the former 

perception task, if in fact the object is embedded in an optical illusion (e.g., Ganel, Tanzer & 

Goodale, 2007). Note that in the study by Proffitt and Bhalla (1999), the task goal for the 

verbal, visual and haptic judgments were the same: indicating the steepness of the hill. 

Hence, whatever the reason for the haptic judgment being unbiased (Taylor-Covill & Eves, 

2013), it is unlikely due to the putative involvement of the vision for movement system. Also 

the haptic judgement is a perceptual judgement. Obviously, this does not deny that the two-

visual systems model cannot provide a framework for understanding biased spatial 

perception, while at the same time preserving accuracy of movement control. Instead it 

underlines that thus far the conjecture has not been tested properly.   

With this in mind, we conducted an experiment in which we investigated whether in a 

hockey push pass task, perceived distance to a target is influenced as a function of task 

difficulty (Experiment 1). In a second experiment, we further investigated whether perceived 

distance of a target is influenced as a function of task difficulty, and in addition, whether 
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these perceptual biases translate into the subsequent control of a corresponding push pass 

action (Experiment 2). In Experiment 1, elite hockey players were asked to visually match 

the distance from a target area for a push pass task with three variations of task difficulty 

presented to participants (i.e., the size of the target area was manipulated by increasing or 

decreasing the width of the target area) both before and after having to perform a hockey 

push pass action to  push a hockey ball through the target areas i.e, push pass action. We 

investigated distance estimation both before the action, and after the action as we wanted to 

make sure that participants were in fact viewing the distance while intending to push the 

hockey ball, and secondly, to investigate if there are any differences between estimates before 

a push pass, and after the action has been performed which can have implications for both 

perceptual testing and training methods. In line with Proffitt's theory, we expected that 

participants would perceive the target to be further away with an increase in task difficulty. In 

Experiment 2, we further tested this conjecture, however with only two variations of task 

difficulty and with a different end-goal for the push pass task. Participants were once again 

asked to visually match the distance of the target before and after performing a push pass 

action, however, they were now instructed to get the hockey ball to land on a target zone 

between the disc cones. The difference between having to push a hockey ball through a target 

area compared to having to land the ball on the target area allowed us to use the speed of the 

push pass task as a measure of movement control (i.e., the speed highly correlates to ball roll 

distance). We expected that participants would perceive the target to be further away as a 

function of task difficulty. However, in line with the two-visual systems model, we also 

expected that the perceptual bias would not translate into action, and hence, that the speed of 

the push pass task would be the same, irrespective of task difficulty.  
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Experiment 1 

Methods 

Participants  

Seventeen female elite field hockey players (age 19.94 ± 1.14 years, experience 12.35 

± 2.40 years) participated in this study. They were members of Maties Hockey Club in South 

Africa, and were only included if they competed at a South African Provincial level or higher 

at the time of testing. Participants signed a written informed consent form before the start of 

the study, which was conducted in accordance with the local university’s ethical guidelines. 

 

Apparatus  

 The experiment was performed on a water based synthetic playing surface provided 

by Maties Hockey Club. All balls used during the experiment were standard, non-dimpled 

balls, which complied with International Hockey Federation Regulations (FIH, 2010). 

Participants used their personal hockey stick as used in competition and were instructed to 

wear their standard hockey attire as used during practice sessions.  

 There were three push pass tasks that participants were required to perform and 

estimate the distance of. Each task was completed on a separate part of the synthetic field, 

away from field markings or landmarks that could influence distance judgements. The target 

for the push pass task was always at distance of 16 m, which was measured from one yellow 

disc cone (i.e., the passing area) to a target area marked by two additional yellow disc cones. 

Participants were not made aware that all three pass tasks were of an equal distance. In order 

to manipulate the difficulty of each of the three passing tasks, the size of the target areas (i.e., 

the aperture between the two yellow disc cones) that participants were required to hit the ball 

through was varied. In the Easy task, the aperture between the two target yellow cones was 1 
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m, in the Medium task it was set at 50 cm apart, while the Hard task had the two cones placed 

30 cm apart (See Figure 1).  

The perceptual matching task was performed on a separate part of the field, away 

from field markings and landmarks (but in view of all three passing tasks). The perceptual 

matching area consisted of a comparison target area (yellow disc cone) placed on the ground, 

and a comparison hockey ball. The ball could be placed at any distance from the comparison 

target that the participant believed matched the distance of the ball from the target in the push 

pass task. In order to have quick measurements of the distance estimate, a 50 m distance tape 

was placed alongside the perceptual matching task, with one side being blotted out so that 

participants were unable to view distance measurements. 

 

Figure 1: Birds eye view of the experimental set-up used in Experiment 1. Note participants 

stood at each cone and face directly at the target area for each of the push pass tasks. Area 

“A” represents the perceptual matching task area, while area “B” represents the push-pass 

task area.   
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Procedure and Design 

 Participants came to the field on a separate day to testing in order to receive 

explanations of the testing procedure, sign informed consents, and perform a familiarisation 

task. The familiarisation task consisted of players performing push passes of a hockey ball 

from the pass area, through a large target area made by placing two yellow disc cones 2 m 

apart (target), at a distance of 10 m from the passing area. Participants were required to get 

into position to perform the push pass as if they were going to perform the passing action. 

Participants were only required to pass through the target area; there were no restrictions for 

where the ball had to land. Just before performing the passing action however, participants 

were required to move over to the perceptual matching task, and place a comparison hockey 

ball at a distance from the comparison target area (a yellow cone) that they believe matched 

the distance of the ball from the target area in the push pass task. They were in view of the 

push pass task at all times and were encouraged to make adjustments until they were 

confident that the estimated distance was accurate. They then moved back to the same push 

pass task, and were required to actually perform the push pass of the ball through the target 

area. Directly after pushing the ball toward the target, the subjects were asked to look away 

from the target areas as not to see the result of the action. After the passing action had been 

completed, they were then again required to perform the perceptual matching task. 

Participants completed this a total of three times.  

 After familiarization, Participants came to the synthetic field a second time on a 

separate day to perform the main experiment. Each participant was presented with the three 

passing tasks once (in a randomized order). The procedure for the perceptual matching and 

the push pass tasks was identical to the familiarization session. The procedure was run once 

for each of three push pass task difficulties (at separate parts of the field). We therefore had a 

single measure for distance estimation before and after the action for each participant, at each 
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of the three push pass tasks of varying difficulty. We also recorded whether or not the 

participants managed to push the ball through the target zone. Once all three passing tasks 

were completed, the participant was free to leave.  

 

Results 

 Respectively, 8, 3, and 1 participants successfully passed the ball through the target 

zone in the easy, medium and hard task, X2(2) = 8.5, p < .05, confirming that the tasks 

increased in difficulty. Figure 2 shows the mean perceived distance for the participants for 

the three tasks, both before and after making the push pass action. It is evident from the 

figure that perceived distance is generally underestimated (i.e., distances estimated less than 

16 m) which is in line with previous studies in which participants generally underestimate 

distances when using verbal reports or visual matching tasks (see discussion). However, one 

sample t-tests confirmed the average distance underestimation for the test before the push 

pass task, t(16) = 3.32, p < 0.05, but just failed to do so for the test after the push pass task, 

t(16) = 1.95, p = 0.06.  

In addition to this, Figure 2 shows that the perceived distance of the target increased 

as a function of task difficulty. Accordingly, the 3 (Task; easy, medium, hard) x 2 (Time: 

before, after) analysis of variance with repeated measures on both factors found a significant 

main effect for Task, F(2, 32) = 4.39, p < 0.05, η²ρ = 0.22. Tukey HSD post-hoc tests 

indicated that the target distances of the easy task (14.50 m) were perceived closer than the 

distances of the hard task (15.52 m). The analysis of variance found no effects for Time, 

F(1,16) = 2.93, p = 0.11, η²ρ = 0.16, or Time by Task, F(2, 32) = 0.21, p = 0.82, η²ρ = 0.01. 
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 Insert Figure 2 about here  

 

 

Figure 2: Mean (±SE) Distance estimation (before and after the action) as a function of task 

difficulty in Experiment 1. 

 

Discussion 

 Results of the experiment are in line with the recent empirical evidence suggesting 

that perception is grounded in action and that people perceive the spatial environment in 

terms of their current ability to act within it (Proffitt, 2006; Witt, 2011; Paterson et al., 2015). 

The more difficult the task relative to the participants’ current action capabilities, the larger 

the perception of the distance of the push pass task was.  

The argument within the ecological approach is that the participant performing the 

task does not principally perceive the (absolute) distance of the pass in an arbitrary spatial 

metric, but rather whether the pass is achievable or not (Proffitt, 2006; Taylor, et al., 2011; 

Cañal-Bruland & Van der Kamp, 2015), i.e, whether the situation affords passing. The 

observed increase in the estimation of the passing distance with task difficulty would support 

Proffitt's conjecture that perceptual biases are adaptive in nature as this may influence the 

perceiver to not attempt a more difficult action. For example, in competitive situations a 

hockey player may refrain from making a pass between two close opponents and rather pass 

to a team mate in a better position, or even keep the ball to him/herself. Although results did 
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indicate a relative overestimation with tasks difficulty, participants also generally 

underestimated the distance to the cones, especially before making the push pass. This 

general underestimation is reminiscent of the commonly found compression of perceived 

distance of far targets (Amorim, Loomis, & Fukusima, 1998, Loomis et al., 1992; Proffitt, 

2006). Performing the push pass tended to annihilate the general overestimation, possibly 

reflecting recalibration of distance perception.  

In order for the observed perceptual bias to be a genuine adaptive quality however, we 

would expect that although the bias occurs as a function of task difficulty, once deciding to 

perform the action, the bias should not translate into the corresponding action. We performed 

Experiment 2 in order to further investigate this expectation, and compared participants’ 

perception and action in a similar field hockey situation.  

 

Experiment 2 

Methods 

Participants  

Fourteen female, elite field hockey players (age 21.86 ± 2.57 years, experience 12.93 

± 2.95 years) participated in this study. All participants were members of Maties Hockey 

Club in South Africa, and at the time of testing competed at a South African provincial level 

or higher. None of the volunteers had participated in Experiment 1. All participants signed a 

written informed consent form before the start of the study. The study was conducted in 

accordance with the local university’s ethical guidelines. 

Apparatus 

The experiment was performed on the same water-based synthetic playing surface 

used in Experiment 1 as was the material used. The participants performed two push pass 

accuracy tasks on separate areas of the hockey turf, away from field markings and landmarks 
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that could influence distance estimation. Both tasks required participants to push pass a 

hockey ball onto a target area (red tape, 0.3 m in length, perpendicular to the participant, and 

0.1 m in width) that was placed on the ground at a perpendicular angle between two yellow 

disc cones at a distance of 16 m from the passing area. Task difficulty was varied by placing 

the yellow cones to create an aperture of either 1 m (easy) or 0.3 m (hard) which framed the 

target tape. The target tape was placed exactly in the centre of these two yellow cones. Rather 

than pushing the ball through the target zone the participants were now instructed to land the 

ball on the target zone that is flanked by either the 1 m or 0.3 m apertures (see Fig. 3). 

The perceptual matching task was the same as per Experiment 1. However, instead of 

a comparison cone, the perceptual matching task consisted of a comparison target area (red 

tape 0.3 m in length and 0.1 m in width), placed on the ground and a comparison hockey ball. 

 Finally, as a measure of movement control, we determined the speed of the ball over 

the first 5 m of each of the push pass actions within the experiment, using two Casio Excillim 

F-100 high speed cameras that were placed 15 m from both passing tasks, perpendicular to 

the participant (see Figure 3). We did not measure landing location, because factors (e.g., 

directional errors, inequalities in surface) other than movement control may influence the 

outcome. We used Dartfish analysis software to analyse the time it took the ball from stick 

contact, to pass the 5 m mark (indicated by a blue disc cone that stood alongside the task). 

We were then able to calculate the average speed of the ball over the first 5 m (See Figure 3).  

 

 

 

 

 

 



91 
 

 

 

 

 

 

 

 

Figure 3: Birds eye view of the experimental setup used in Experiment 2. Area “A” 

represents the perceptual matching task area, while area “B” represents the push-pass task 

area. 

 

Procedure and Design 

 Participants came to the field on a separate day to testing in order to receive 

explanations of the testing procedure, sign informed consents, and perform a familiarisation 

task. The familiarisation task was the same as in Experiment 1.  

 On a separate day, participants came in for testing, with one participant being tested at 

a time. Participants were required to perform 7 push pass trials for both the easy and hard 

tasks. Tasks were presented in a randomized order. The procedure for the perceptual 

matching push pass task before and after each trial were the same as in Experiment 1. 

However, once participants had performed the push pass, they were required to look away. In 

addition, an assistant-researcher immediately placed a cardboard between the participant and 

the target zone, so as to prevent the participants from seeing the outcome of the push. 
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Results 

 The mean perceived distance before and after performing the push pass action can be 

seen in Figure 4 below. One-sample t-tests showed that perceived distance of the 16 m 

distance was generally underestimated, both before, t(13) = 4.63, p < 0.05, and after the push 

pass test, t(13) = 3.14, p < 0.05, which is in line with previous studies in which participants 

generally underestimate distances when using verbal reports or visual matching tasks. Most 

importantly, however, it is also evident that the perceived distance of the push pass increased 

as a function of task difficulty, particularly between estimations before the push pass action 

was performed. The 2(Task; easy, hard) x 2(Time: before, after) analysis of variance with 

repeated measures on both factors confirmed this latter finding with significant Task, F(1, 13) 

= 6.24, p < 0.05, η²ρ = 0.32, Time,  F(1,13) = 6.76, p < 0.05, η²ρ = 0.34, and Task by Time, 

F(1, 13) = 13.65, p < 0.05, η²ρ = 0.51, effects. Tukey-HSD post-hoc tests indeed indicated 

that the target distance was estimated shorter for the easy task compared to the hard task, but 

only before the push pass tasks were performed. Put differently, the effect for Task was only 

present in estimations before the participants performed the push pass action, and not in 

estimations after the push pass had been performed.   

 

 

 

 

 

 

 

Figure 4: Mean (±SE) Distance estimation (before and after the action) as a function of task 

difficulty in Experiment 2 

 

14,62 
15,08 15,06 15,19 

12,5

13,5

14,5

15,5

16,5

Easy Task Hard Task

D
is

ta
n

ce
 (m

) 

Before Action After Action



93 
 

 Results of the average speed of the push pass actions between the easy and hard task 

can be seen in Figure 5 below. The paired t-test indicated no significant differences in 

movement control for the two tasks, that is, the average speeds over 5 m were similar across 

tasks, t(13) = 0.96, p = 0.36, d = 0.21. 

 

 

 

 

 

 

Figure 5. Mean (±SE) Speed of the initial 5 m of the push pass as a function of task difficulty. 

 

Discussion 

 The results of Experiment 2 provided further support to the conjecture that perception 

is grounded in action (Proffitt, 2006). Participants did in fact perceive the distance of the 

smaller, more difficult target to be larger than the easy target. This underlines that people 

perceive the environment in terms of their current capability to act within it (Witt, 2011). 

However, these perceptual effects did not translate into the control of action: that is, unlike 

distance perception, there were no differences in the speed at which the ball was pushed over 

the first 5 m between the two tasks. Put differently, even though target distance was 

perceived to be larger in the hard task when compared to the easy task, participants used 

similar force to push the ball across the tasks. 

Rather than being an action-specific effect, the difference in perceived distance 

between the two conditions may also be attributed to the difference in size of the two target 

areas. According to the size-distance relationship, larger objects are perceived as closer 
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(Gogel & Tietz, 1973). Hence, we tested Stellenbosch University Sport Science students 

(n=10) with no field-hockey experience using the same perceptual estimation task as 

Experiment 2, requiring them to estimate the 16 m distance between a ball and the two target 

areas (i.e., 0.3 and 1.0 m). Importantly, however, the participants only made the perceptual 

estimations without performing any follow-up (push pass) action performance as the two 

reported experiments. No significant difference in perceived distance was revealed (i.e., 14.5 

m [SE = 0.3 m] and 14.7 m [SE = 0.4 m] for the 0.3 and 1.0 m targets, respectively, t(9) = 

0.74, p = 0.48). Most likely, effects of the size-distance relationship were negligible. We 

therefore conclude that the difference in perceived distance before performing a passing 

action can genuinely be attributed to task difficulty.  

 Hence, in line with Proffitt's action-specific account of perception, perceptual biases 

arise in order to assist the observer in making relevant future action choices based on their 

current action capability relative to the environmental demands, thereby promoting economic 

affordance perception. However, once deciding (or instructed) to perform the passing action, 

these perceptual biases do not affect the corresponding control of movement. This 

dissociation between perception and the control of action is adaptive because it ensures that 

actions are as accurate as possible in order to enhance the fitting of the action to the 

environment (Proffitt, 2006; Paterson et al., 2015).  

 Another potentially interesting result is that the perceptual biases only occurred 

shortly before the push pass had to be produced. The distance estimations after the push pass 

had been performed did not show perceptual biases as a function of task difficulty. 

Experiment 1 did not show a vanishing of the perceptual bias after the push pass. One 

possible explanation for the discrepant findings is the presence and absence of visual 

information on the outcome of the push action in Experiment 1 and 2, respectively. That is, 

Lee, Lee, Carello, and Turvey (2012; cf. Cañal-Bruland, Zhu, & Van der Kamp & Masters, 
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2011) have recently shown that the action-specific perceptual biases cannot solely be 

attributed to the exploitation of visual information, but additionally involve the use of haptic 

(or kineasthetic) information. Lee et al.’s (2012) participants aimed a bow (i.e., without 

actually releasing an arrow) at a target either with the bow arm stabilized with a mechanical 

aid, or without stabilization. Results showed that when the arm of participants was stabilized, 

perceived size of the target area increased compared to when the arm was not stabilized. Lee 

et al. (2012) argued that the stabilizer may have increased the haptically perceived level of 

coordination and control. Participants in Experiment 2 could not see the outcome of their 

push pass action, and hence, haptic or kineasthetic information in the act of passing was the 

only source available relative to their current action capabilities for the perception of 

distance. As the participants’ passing action had the same speed irrespective of task 

difficulty, haptic feedback would also been similar across the easy and the hard tasks, and 

hence, perception of distance after the pass had been completed, became the same.  

The results from Experiment 2 also speak to Durgin’s et al. (2009) argument that the 

reported perceptual bias in studies such as Bhalla’s and Proffitt (1999), are judgemental 

biases that result from social, not physical demands of the experimental context. In other 

words, participants expect that a heavy backpack will make a task look further away, or a hill 

to look steeper and therefore estimate this to be the case. However, in our study, we only 

found the estimations to differ before the action was performed. If the participants expected 

that the experimenter meant the hard task to be seen as further away, we would expect the 

participants to show biases in their distance estimates both before and after the push pass 

task. 
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General Discussion and Conclusion 

 We provided further evidence to substantiate the claim that the same environmental 

properties look different dependent on the observer’s current capabilities for successful action 

within the environment. Proffitt (2006, 2013) argues that seeing the environment in relation 

to ones capability to perform within it promotes adaptation by encouraging safe, economic, 

and appropriate behavioural decisions (also see Witt, 2010). However, in order for this to be 

true, the biases seen in perceptual tasks should only affect decisions for action, and not 

translate into its execution, as inaccurate movement control would be maladaptive in nature, 

and lead to possible failure of achieving the intended behavioural goal.  

The current study showed this indeed to be the case. Participants did estimate the 

perceived distance of the push pass task to be larger as a function of task difficulty. At the 

same time however, the control of action remained stable in the face of variations in task 

difficulty. Consequently, the perceptual bias in distance estimation did not translate into the 

execution of the actual push pass task. In other words, the findings indicate a dissociation 

between vision for action and vision for perception, and this dissociation is in accordance 

with the understanding that the visual system comprises two neuro-anatomically and 

functionally separate systems, one of which supports perception of the environment 

(including what it offers for action), while the other is engaged in movement control (Milner 

& Goodale, 1995, 2008; Van der Kamp et al., 2008). This division ensures that an adaptive 

perceptual bias does not become maladaptive once the decision is made to actually produce 

the action. Put differently, because the vision for perception and vision for action systems 

rely on different sources of visual information and/or use visual information in a different 

manner, it allows for the sometimes contradictory requirements for perception and action to 

be satisfied without either undermining each other. 
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The current study thus appears to confirm that biases in perception of environmental 

properties are essentially adaptive (Proffitt, 2006). The observed increase in perceived 

passing distance within the more difficult task may increase the odds that a player searches 

for an alternative action with a more secure outcome. However, there remain questions to be 

answered. In particular, participants tended to show a general underestimation of perceived 

distance. The compression of perceived distance paradoxically resulted in more accurate 

estimations for the more difficult task tending toward actual distance. Similarly, Proffitt et al. 

(2003), who had participants verbally estimate their prospective walking distance either 

encumbered by a heavy back pack or which no backpack, showed that wearing a heavy 

backpack resulted in a larger and -due to a general underestimation- a more accurate 

estimation of distance than with no backpack (see also Witt, Linkenauger, Bakdash, 

Augustyn, Cook, & Proffitt, 2009). We do not know whether, and if so, how the 

paradoxically more accurate estimations in demanding situations should be interpreted as 

adaptive in terms of inviting alternative affordances or merely as a corollary of a general 

underestimation of distance for far objects (Amorim, et al., 1998; Loomis et al., 1992; 

Proffitt, 2006). In this respect, it must be acknowledged that our claims about affordance 

perception are derived from perceptual judgments of spatial metrics - as has been customarily 

in most previous studies (cf.). Yet, if affordances are indeed the primary objects of perception 

and, instead, the perception of geometrical properties such distance, size and slope is 

derivative (e.g., Shockley, Carello & Turvey, 2004) then it is critical for future work to 

directly assess affordance perception for understanding perceptual bias in spatial metrics (see 

also Cañal-Bruland & Van der Kamp, 2015).   

 This been said, one implication is that perceptual strategies for decision-making and 

movement execution are not necessarily the same (see also van Doorn et al., 2008; Dicks, 

Button & Davids, 2010; Warren, 1988). Our current findings support the idea that it may be 
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important to form separate tasks for perceptual decision-making and the perceptual control of 

movements in talent identification and skill acquisition programmes; yet, they also must 

mutually constrain each other. This is especially important relative to the recent surge in 

interest in perceptual strategies for talent identification (Savelsbergh, Haans, Kooijman & van 

Kampen, 2010; Vaeyens, Lenoir, Williams, & Philippaerts, 2008) and development (e.g., 

Dicks, Van der Kamp, Withagen, & Koedijker, 2015; Ward & Williams, 2003). For example, 

previous studies within the field include training participants perceptual-cognitive skills using 

video based presentation modalities of opponents or immersive VR and include measures in 

which the response to these videos are verbal responses, or joystick responses (e.g., Dhawan, 

Cummins, Spratford, Dessing & Craig, 2016; Savelsbergh et al., 2010). However, these tests 

and trainings tend to interrupt the online coupling between perception and action. But if, as 

underlined in the present study, perception of affordances is grounded in the actor’s potential 

to act, then the representativeness of these tests must be critically evaluated, particularly for 

(inter-)actions in dynamic environments (Van der Kamp et al., 2008; see also Renshaw, 

Davids, Araújo, Lucas, Roberts, Newcombe & Franks, 2019). In this respect, it remains 

fruitful to search for perceptual (field) training methods that maintain both the coupling of 

perception and action (e.g., Oudejans, Koedijker, Bleijendaal & Bakker, 2005). Typically, 

however, also these more representative training programmes do not distinguish perceptual 

strategies for decision-making and movement control. The current findings suggest that it 

may be important to form separate tracks for perceptual decision-making and the perceptual 

control of movements in talent identification and skill acquisition programmes, but not in 

isolation from each other. 
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Chapter 5 

Moving advertisements systematically affect gaze behaviour and 

performance in the soccer penalty kick. 
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Abstract 

The aim of the current study was to investigate whether a moving advertisement positioned 

behind the goal area would influence the visual attention of participants performing a soccer 

penalty kick, and, whether this would an effect on subsequent motor performance. It was 

hypothesized that if the (moving) advertisement would function as a distractor, then this 

would result in nonspecific disruptions in penalty performance measures, especially affecting 

aiming location and precision. Alternatively, it was reasoned that, in line with the Dunker 

illusion, the moving advertisement would systematically affect perception of target location, 

resulting in changes in penalty performance and aiming that are specific for the direction of 

motion of the advertisement. To test these hypotheses, we investigated the gaze behaviour and 

kicking performance of intermediate skilled soccer players taking penalty kicks in three 

differing advertisement conditions, namely no advertisement, a stationary advertisement, and 

a moving advertisement. The latter condition consisted of an advertisement moving from left 

to right and an advertisement moving from right to left. Results showed that a moving 

advertisement placed behind the goal area indeed caught the visual attention of soccer 

penalty kickers using a goalkeeper-dependent kicking strategy. Participants kicking 

performance tended to be less variable within the no advertisement condition compared to 

the moving advertisement condition. In addition, systematic, direction-specific effects on 

aiming were found when comparing conditions in which the advertisement moved in opposite 

directions. This pattern of findings indicate that the accuracy of the penalty kick is impacted 

by task-irrelevant contextual information.   
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Introduction 

 In soccer, penalty kicks are decisive events that can decide the outcome of a match. 

The average number of goals scored by both teams is typically low during regulation time in 

soccer matches (i.e., 2.5; Bar-Eli, Azar, Ritov, Keidar-Levin, & Schein, 2007), and as a 

consequence, the scoring opportunity that is provided by a penalty kick can decide the 

outcome of a match. In addition, during a decisive penalty shoot-out, the importance to the 

outcome of the match is even more obvious.  

 In the penalty kick, the ball is placed 11 m from the goal area, which measures 24 ft 

(7.32 m) wide by 8 ft (2.44 m) high, giving the kicker a target area of 18 m2 to aim at. Further 

to this, a kick is struck with a typical speed of 22 – 27 m/s, with the ball reaching the goal 

line in approximately 600 ms (van der Kamp, Dicks, Navia, & Noël, 2018; Wood, Jordet, & 

Wilson, 2015). Due to constraints on the time that the goalkeeper requires to cover the entire 

goal area, the overwhelming advantage is in favour of the kicker (Noël & Van der Kamp, 

2012; Wood & Wilson, 2010). It is therefore surprising that a large percentage of penalty 

kicks are not converted, with approximately 20–25% of the shots being missed or saved 

(Jordet, Hartman, Visscher, & Lemmink, 2007; McGarry & Franks, 2000).  

With this in mind, researchers have shown a significant interest in uncovering factors 

that effect accuracy and success in the penalty kick. Specifically, recent advances in mobile 

gaze registration systems have led to an increase in empirical studies that have attempted to 

explore gaze behaviour and visual attention within the performance of the penalty kick (e.g., 

Noël & Van der Kamp, 2012, Piras & Vickers 2011, Van der Kamp, 2011; Wilson, Wood & 

Vine, 2009; Wood & Wilson, 2010, 2011). Evidently, and similar to other far aiming tasks 

(e.g., Land 2009; Helsen, Starkes, Elliott, & Ricker, 2000; Rodrigues, Vickers, & Williams, 

2002; Vickers, 2007), these studies have demonstrated a functional coupling of gaze 

behaviour and kicking, with the information made available from gaze fixations being 
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pertinent in decision making, as well as maintaining effective performance (Behan & Wilson, 

2008). That is, within the soccer penalty situation, the kicker has to deal with both a proximal 

and a distal target, i.e., the foot has to hit the ball (proximal target) as accurately as possible 

with an sufficient amount of force, and secondly, the kick has to accelerate the ball toward a 

target location within the goal that is outside of the goalkeeper’s reach (distal target).  

The kicker generally adopts one of two penalty kick strategies, which include to either 

attempt to anticipate the direction of the goalkeeper dive during the run-up to the ball and 

kick to the opposite side of the goal at the last moment (i.e., the keeper-dependent strategy); 

or, to use a more controlled approach and decide the direction of the kick without taking the 

goalkeeper's actions into account during the run-up phase of the kick (i.e., keeper-

independent strategy) (Van der Kamp, 2006, see also Kuhn, 1988). The two penalty kick 

strategies have been shown to invoke distinct patterns of gaze, which are directly associated 

with the success of penalty kicks. For example, Noël and Van der Kamp, (2012) showed that 

the distinct pattern of gaze in the case of the keeper independent strategy allowed for more 

optimal control of the kicking movements as compared to the gaze pattern elicited by the 

keeper dependent strategy. Gaze behaviour within the goalkeeper independent strategy was 

associated with prolonged focus on the inside areas of the goal (distal target), shorter times 

fixating the goalkeeper, and longer fixation times toward the ball (proximal target), all of 

which resulted in kicks that were less centralised and gave the goalkeeper less opportunity to 

save the ball (Noël & Van der Kamp, 2012; see also Kurz, Hegele, & Munzert, 2018; Van der 

Kamp, 2011; Wood & Vine, 2009; Wood et al., 2015).  

In the competitive environment, there are a number of distractors that can potentially 

influence typical gaze patterns of kickers. Such shifting in attention to task irrelevant cues has 

the potential to disrupt motor performance (Beilock, 2001; Wood & Wilson, 2010; Morris, 

2012; Lidor, Ziv, Tenenbaum, 2013). One of the more modern potential distractions to visual 
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attention in soccer stadiums includes billboards that are used to advertise during competitive 

matches. These boards can typically be seen on the entire perimeter of the field, including 

being placed directly behind the goal area. These modern LED (light emitting diode) display 

boards allow for multiple advertisements to be scrolled across their screens for the duration 

of a match. Advertisements appear and re-appear in differing formats and typically also 

include images that move from left to right, or right to left in direction. It is clear that a 

moving advertisement behind the goal has the potential to catch visual attention during a 

penalty task and thus to disrupt the typical gaze patterns of the kicker, with potential 

performance implications.  

These performance implications can be twofold. First, the attentional shift could have 

a nonspecific effect on performance, in which the mere presence of the advertisement and/or 

the motion of the advertisement would result in a generic disruption of kicking performance 

measures including increased inaccuracy and/or precision in aiming. In other words, the 

(moving) advertisement may function as a distractor (e.g., Beilock, 2001). On the other hand, 

the attentional shift could have a specific effect on performance, that is, influencing kicking 

accuracy in a systematic manner depending on the direction of the moving advertisement. 

This would be analogous to the Duncker illusion (Duncker, 1929). Duncker (1929) 

demonstrated that background motion can induce an illusory perception of motion of a 

stationary foreground object. This illusory perceived motion of the object is in the direction 

opposite to that of the background motion (Zivotofsky, 2004). Most critically, it has been 

shown that such background motion can have similar effects on action, particularly within 

aiming tasks. Brouwer, Middelburg, Smeets, and Brenner (2003; see also Soechting, Engel & 

Flanders, 2000) reported that background motion from left to right and right to left resulted in 

systematic aiming errors to the left and right of the target, respectively. This is in line with 

later findings that far aiming tasks are impacted by allocentric or contextual information 

https://iovs.arvojournals.org/solr/searchresults.aspx?author=Ari+Z.+Zivotofsky
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(Shim et al., 2014; Van der Kamp, Van Doorn & Masters, 2009; Van der Kamp & Masters, 

2008).  

The present study examines the effects of a stationary and moving advertisement 

behind the goal area on penalty kick performance. To this end, we investigated the gaze 

behaviour and kicking performance of intermediate skilled soccer players taking penalty 

kicks in three differing advertisement conditions, namely no advertisement, a stationary 

advertisement, and a moving advertisement. The later condition consisted of an 

advertisement moving from left to right and an advertisement moving from right to left. 

Participants were enticed to use a keeper-dependent strategy and give themselves the best 

opportunity to score a goal by taking the goalkeepers dive into consideration when deciding 

in which direction to kick the ball.7 We were interested to see whether the moving 

advertisement did in fact catch the kicker’s attention and affect gaze behaviour, and if so, 

whether this would disrupt subsequent penalty kick performance. We hypothesized that if the 

advertisement would serve as a distractor, then the disruption, if any, would be nonspecific 

that is, it would result in an overall decrease in kicking performance measures (e.g., aiming 

location and/or precision). Alternatively, if the moving background would have specific 

effects, then systematic changes in kicking performance measures (e.g., aiming location) 

would be dependent on the direction of motion of the advertisement.  

 

Methods 

Participants 

 Sixteen intermediately skilled soccer players volunteered to participate in the study 

(mean age = 26.3, SD = 2.8 years, one female). Fifteen of the participants were right-footed 

                                                 
7
 The choice to encourage the participants to use of a keeper-dependent strategy was to ensure that during every 

penalty kick, participants would maximize (visual) attention toward the goalkeeper and goal while running up to 

and kicking the ball. That is, with a keeper-independent strategy, kickers typically focus earlier and longer 

exclusively to the ball (and perhaps even more so within the repetitive circumstance of an experiment).  
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with one of the participants being left-footed. All sixteen players played in the national 

amateur leagues of the Royal Dutch Football Association (KNVB). The experiment was 

approved by the local ethics committee and all participants signed a written informed consent 

form before the start of the experiment. 

 

Material and Equipment 

Eight different video clips were created showing a goalkeeper diving either to the left 

or right side, under three differing advertisement conditions. These video clips were recorded 

using a digital video camera (Kodak Playfull ZE2) from the perspective of a penalty kick 

taker. The advertising was projected onto a white wall ("goal area") using a projector (Dell 

1510X) with the goalkeeper standing in the middle of the goal area. The goalkeeper was 

instructed by the researcher to dive the left or the right side of the goal, under the following 

advertisement conditions: No advertising present/control (C), stationary advertisement (S), 

and moving advertisement (M), which (continuously) moved from either the left to the right 

(MLR), or from right to the left (MRL). The advertisement was a digital picture of 0.9m in 

height, and 2.44m in length made out of salient colours i.e., yellow and orange. The bottom 

of the advertisement was placed approximately 0.9m from the ground when projected onto 

the screen (see Figure 1). This resulted in a total of eight clips, each 3.2 seconds in length. 

Windows Media Player editing software was used in order to synchronize the time between 

the start of the clip and goalkeeper movement across all eight clips. Accordingly, the clips 

showed the goalkeeper starting his movement at 1.8 seconds after the start of the clip. This 

allowed us to coordinate the goalkeeper movement to the participants’ run-up phase (Figure 

1).  
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Figure 1: Frontal view of the experimental design, showing a standard size goal area with 

the two circular target area locations, the goalkeeper and the advertisement.   

 

The experiment took place in an indoor sporting facility. The penalties were 

performed in accordance with official FIFA law, using a standard sized goal area (7.32 x 2.44 

m), with the distance to the goal being 11 m from the penalty spot.  A “FIFA-Approved” size 

5 football with standard inflation was used. A white PVC canvas was attached to the goal 

(post and crossbar) (see Figure 2).  

 
 
 
 
 

 
 

 
 

 
 

 
 
 
 

 Figure 2: Birds-eye view of the experimental setup. The video clips were projected onto the 

goal area PVC canvas using a projector to the side of the penalty mark. The digital video 
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camera was positioned to the side of the penalty mark, and the Opto-switch was positioned 

behind the penalty mark.  

 
           The video clips were projected onto the PVC canvas using a projector (Dell 1510X) 

that was located 40 cm to the side of the penalty mark. A digital video camera (Kodak 

Playfull ZE2) was positioned 1 m behind and 1 m to the side of the penalty mark in order to 

record the goal area. An Opto-switch (E3S-R 30E4 Omron) and light beam, positioned at 

knee height, were positioned 2.2 m behind the penalty mark. When participants walked 

through the switch, the beam was interrupted, and the clips were initiated (see Figure 2) and 

after 1.8s, the goalkeeper initiated the dive. Based on pilot work, this was timed just before or 

at the moment of the participants’ support foot landing next to the ball, but with trial-to-trial 

variability, depending on the participants’ current run-up speed.  A white background was 

projected onto the wall between the penalty kick trials.  

 

Gaze behaviours were recorded using an Applied Science Laboratories (ASL; 

Bedford, MA) Mobile Eye-Tracker. The device measures eye-line of gaze at 25Hz with 

respect to eye and scene cameras that are mounted on a pair of glasses, worn by the 

participant. The system records onto a modified DVCR, which was worn in a pouch around 

the waist of the participant. The DVCR is plugged into a laptop (Dell Inspiron 6400) with 

Eyevision recording software installed. A circular cursor, representing 1° of visual angle 

indicates the location of gaze on a video image of the scene (i.e., the system has an accuracy 

of ± 1° of visual angle and a precision of ± 0.5°) was then recorded for offline analysis. The 

system was calibrated before each participant began the experiment by having participants 

look at 9 specific target areas located on the PVC canvas representing the goal area. 

Participants stood on the penalty spot and were instructed to fixate on each of the pre-

determined calibration points, one after the other. On completion of the calibration, 
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participants were asked to view specific areas within the performance environment in order to 

verify the accuracy of the calibration. After each block of 12 penalties, the accuracy of 

calibration was checked with a recalibration only being performed in the case of line of gaze 

inaccuracy. A firewire cable was used to connect the DVCR to the laptop during calibration. 

Once calibration was complete, the firewire was removed, allowing the participant and eye 

tracker to be fully mobile. Data was saved onto the DVCR recorder and downloaded after the 

experiment in order to conduct offline analysis.  

 

Procedure and Design 

 After being fitted with the Mobile Eye and completing the calibration, participants 

were instructed to warm-up by performing 10 penalty shots at the blank PVC canvas, i.e., 

with no video clip being projected onto the canvas. During the 10 penalty warm up shots, the 

participants were required to aim for one of two target areas within the goal area i.e., left 

target and right target area. The two circular target area locations were 22 cm in diameter 

(similar to the diameter of the ball) and were black in colour. The centre of each target area 

was 0.8 m from the ground and 0.9 m from the goal post (see Figure 1).  

 After the warm-up was complete, the participants began the experiment with the 

following instructions.  Participants were required to start their run-up at minimum distance 

of 3.5 m from behind the ball and were asked to take the penalty as they would in 

competition (using their preferred foot). Participants were told that when they interrupted the 

light beam, a video clip with a goalkeeper would project onto the goal area in front of them. 

The goalkeeper would dive to either the left, or right side of the goal after a short amount of 

time after appearing in the goal area. Participants were required to shoot the ball to the 

opposite side of the goal the goalkeeper was diving to. In order to be successful, the 

participants had to place the ball to the opposite side of the goalkeeper dive, towards the side 
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of the goal area, as they would in competition, to give themselves the best chance of scoring a 

goal. The two circular target areas remained visible throughout the trial. The participants 

received no information about the advertisement that was projected onto the goal area within 

the differing advertisement conditions.  

 For each participant, the experiment started with the initial interruption of the light 

beam, which initiated the first video clip. In each of the advertisement conditions, the 

goalkeeper could dive to either to the left or right side of the goal area, with clips diving to 

the left or the right being completely randomized. A repeated measures design with differing 

conditions of twelve penalty kicks were used. The blocks were counterbalanced with the total 

of 48 penalty kicks (i.e., 12 each in the control, stationary, moving from left to right and 

moving from right to left), lasting approximately 20 minutes per participant.  

 

Data analysis 

 In a first round of analysis, we compared gaze and performance across the three 

advertisement conditions, namely C-, S-, and M-conditions to assess nonspecific effects of 

the (moving) advertisement. In a second round, we focussed on systematic, direction-specific 

effects of the moving advertisement by comparing gaze and performance between the two 

moving MLR- and MRL-conditions. Finally, we also assessed nonspecific and specific 

effects for only the trials that the participants looked to the moving advertisement between 

the MLR- and MRL-conditions.    

 

Gaze behaviour  

WIN-analyse software was used for a frame-by-frame analysis of the point of gaze 

(POG) recordings during the penalty trials, from the moment the participant initiated the run-

up, until contact with the ball was made (total viewing time). Each frame was analysed with 
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each gaze fixation being divided into one of the following six areas of interest: Goalkeeper, 

ball, left target, right target, advertisement and “other”. The "other" area was every frame in 

which a participant did not look at either of the initial five areas of interest. After all trials 

were analysed, gaze directed at each of the areas of interest was expressed as a percentage of 

total viewing time of the penalty kicks (see Van der Kamp, 2011). We also determined the 

percentage of trials during which participants were actually directing gaze toward the 

(moving) advertisement.  

 

Penalty performance measures 

Video recordings were used to categorize each penalty kick as either a kick directed to 

the right or left of the goal, with an inter-reliability (r = 0.88, p < 0.05) and intra-reliability (r 

= 0.92, p < 0.05) of the observers, independent of the direction of the goalkeeper's dive. The 

penalty kicks were further categorized as either a score (i.e., a shot to the opposite side of the 

goalkeeper’s dive, between the posts and crossbar), a save (i.e., a shot in the same direction 

of the goalkeeper dive, between the posts and the crossbar), or a miss (a shot that completely 

missed the goal area).   

Subsequently, screenshots were created for each penalty kick at the moment of ball 

contact with the canvas (i.e., crossed the goal line) and with Kinovea Motion Analysis 

software, with the absolute distance in cm of the ball landing location from the centre of the 

goal being determined to indicate the accuracy of aiming of the kick (i.e., absolute error). In 

addition, we took the standard deviation of the absolute distance in cm to determine the 

precision in aiming between conditions (i.e., variable error). Penalty kicks that completely 

missed the goal area were also included in the analysis with kicks outside of the video frame 

being assigned the maximal distance from the centre of the goal to the edge of the video 

frame (i.e., 705 cm). Related to specific, directional effects on performance measures, we 
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determined the signed distance in cm of the ball landing location from the goal centre (i.e., 

constant error), with a negative value being allocated for locations to the left of the centre of 

the goal, and a positive value being allocated for locations to the right of the centre of the 

goal. The absolute and variable distance measures served as an indicator of distraction (i.e., 

aiming accuracy and precision), while the signed distance measure allowed the assessment of 

systematic, directional effects on penalty kick performance between the two moving MLR- 

and MRL-conditions. 

 

Statistics 

The percentage viewing time to each of the areas of interest were analysed with 

separate ANOVAs with repeated measures for the factor condition (i.e., C-, S-, M-

conditions). It must be taken into account that the areas of interest are interdependent. When 

viewing time of one of the areas of interest increases, the sum of the viewing times of the 

other areas of interest must decrease, and vice versa. However, there does not exist a 

reciprocal relationship between two variables, and therefore we decided to report separate 

ANOVAs for the dependent variables (Kurz, Hegele, & Munzert, 2018). A Huyn-Feldt 

correction to the degrees of freedom was applied in the case of any violations of sphericity 

and partial eta-squared (ηp
2) values were computed to determine the proportion of total 

variability attributable to each factor. Post hoc pairwise comparisons were conducted using 

the Bonferroni correction procedure to identify where the specific differences occurred 

between the conditions. Subsequently, we used paired t-test to compare difference in 

percentage viewing time of each of the areas of interest for the MLR-condition and MRL-

condition. 

 Similarly, for the penalty kick performance measures including the score, save and 

miss percentage, and the absolute and variable distance measure were submitted into separate 
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one-way ANOVAs with repeated measures for the factor condition, while Friedman tests 

were selected for variables that violated the assumption of normality (i.e., C-, S-, M-

conditions). Next, score, save and miss percentage, and the signed distance measure were 

submitted to a paired t-test to compare performance between MLR- and MRL-conditions. 

The final analyses involved the same series of paired t-tests, but only in the trials in which 

participants looked to the advertisement.  

 

Results 

 Initial analysis of the Mobile-Eye data revealed that of the 16 participants, we were 

unable to analyse the gaze behaviour of four of the participants due to issues with their video 

clarity. Therefore, twelve participants (all male, and right footed) were used in the final data 

analysis, totalling a possible number of 576 penalty kicks to be analysed. However, a total of 

564 penalty kicks were analysed due to problems with the digital camera not having recorded 

every possible kick for each of the participants. To test the assumption of data normality, the 

Shapiro-Wilks W tests were conducted on all dependent variables. In the cases that the 

assumption of normality was violated, Friedman and Wilcoxon Signed-Rank tests substituted 

parametric ANOVA’S and t-tests, with Dunn-Bonferonni corrections used where appropriate.  

 

Gaze behaviour 

 Figure 3 below shows the average percentage viewing time to the six areas of interest 

across the C-, S-, and M-conditions. In line with the instructions, the results provided a clear 

indication that the participants used a goalkeeper dependent strategy during the penalty kick 

experiment due to the high percentage of viewing time to the goalkeeper. They spent very 

limited time viewing the two target areas between conditions, with more, albeit brief, time 

spent looking to the ball and the advertisement.  
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Figure 3. Average percentage (+SD) viewing time to each of the areas of interest between the 

control (C), stationary (S) and moving (M) conditions. (NB. *p <0.05, **p <0.001).  

 

The Friedman test with repeated measures results revealed a significant difference for 

the percentage viewing time to the goalkeeper between the three conditions (𝑥2(3) = 10.18, 

p < 0.05). Post-hoc analysis indicated that participants viewed the goalkeeper for a 

significantly shorter period of time in the M-condition when compared to both the C- and S-

conditions. The Friedman test also showed a significant difference in percentage viewing 

time to the ball (𝑥2(2) = 10.18, p < 0.05) with post hoc analysis indicating that participants 

viewed the ball longer in the M-condition when compared to that of the C- and S-conditions. 

The percentage viewing time to other areas suggested that in the M-condition, participants 

viewed these locations for a longer period when compared to the other two conditions, 

however, the ANOVA only approached significance (F(2, 22) = 3.22, p = 0.06, ηp2 = 0. 23). 

Finally, the ANOVA for percentage viewing time to the advertisement revealed a significant 

main effect for condition (F(2,22) = 26.97, p < 0.001, ηp2 = 0.71), with post-hoc comparisons 
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indicating significantly longer viewings to the advertisement in the M-condition when 

compared to both the C- and S-conditions.  

 

 

Figure 4. Average percentage (+SD) viewing time to the six areas of interest between the 

moving left to right (MLR) and right to left (MRL) conditions. (NB. *p =0.05, **p <0.01). 

 

Next, we examined gaze behaviour differences within the moving advertisement 

condition by comparing MLR- and MRL-conditions (Figure 4). Paired sampled t-tests 

indicated that the percentage viewing time was significantly less for viewing the goalkeeper 

(t(11) = 2.19, p = 0.05, d = -0,63) in the MLR-condition when compared to the MRL-

condition. Further to this, a paired t-test indicated significantly more time spent on viewing of 

the advertisement within the MLR-condition than in the MRL-condition (t(11) = 3.92, p < 

0.01, d = 1.13). For the other areas of interested no significant differences between MLR- and 

MRL-conditions were revealed. 

Finally, analyses were performed to see if there were differences in the percentage of 

trials that participants looked at the advertisement between MLR- and MRL-conditions. The 

analysis indicated that, on average, participants looked at the advertisement in 38.4% of the 

trials within the M-condition compared to 61.6% of trials in which they did not look at the 
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advertisement. Further analysis showed that the participants looked to the advertisement 

more often in the MLR-condition than in the MRL-condition (t(11) = 2.18, p = 0.05, d = 

0.63), with the participants looking at the advertisement in 47.7% of trials in the MLR-

condition and 28.6% of the trials in the MRL-condition. 

 

Performance Measures  

With the visual search analyses indicating that participants did in fact look to the 

moving advertisement, we proceeded to examine the key performance measures of the 

penalty kick. Average score, save and miss rate as a percentage of total penalty kicks, as well 

as absolute and variable distance measures can be seen in Table 1. At first glance, no clear 

differences came to the fore. 

  

Table 1. Penalty kick performance measures (Mean ± SD) between the three penalty kick 

conditions. 

 Control (C) Stationary (S) Moving (M) 

Score (%) 74.9 ± 21.4 77.7 ± 16.3 78.6 ± 14.2 

Miss (%) 8.2 ± 7.8 6.3 ± 6.3 7.4 ± 7.4 

Save (%) 18.0 ± 19.8 16.0 ± 16.8 14.1 ± 14.1 

Opp. side GK (%) 80.6 ± 20.6 82.6 ± 17.9 84.9 ± 14.2 

Absolute distance (cm) 202.0 ± 30.0 205.5 ± 33.0 205.2 ± 43.2 

Variable distance (cm) 67.6 ± 24.5* 88.1 ± 42.7 84.6 ± 12.5* 

Note*p <0.05 

 

The separate Friedman tests found no significant difference between the number of 

successful penalty kicks (𝑥2(2) = 0.17, p > 0.05), the percentage of missed penalty kicks 

(𝑥2(2) = 0.14, p > 0.05), the percentage of kicks saved by the goalkeeper (𝑥2(2) = 0.15, p 

> 0.05), or the percentage of kicks to the opposite side of the goalkeeper (𝑥2(2) = 0.14, p > 
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0.05), between the C-, S- and M-conditions. Similarly, Friedman tests also did not reveal 

significant differences for the absolute distance (𝑥2(2) = 1.17, p > 0.05), yet it did show a 

significant difference for variable distance (𝑥2(2) = 7.17, p < 0.05), with post-hoc analysis 

indicating kicks were more variable for the M-Condition when compared to the C-condition 

(p > 0.05). 

 

Table 2. Penalty kick performance measures (Mean ± SD) between moving advertisement 

conditions. 

 Left to Right (MLR) Right to Left (MRL) 

Score (%) 77.7 ± 18.2 79.6 ± 15.4 

Miss (%) 5.6 ± 8.9 9.2 ± 7.7 

Save (%) 16.7 ± 18.4 11.3 ± 12.7 

Opp. side GK (%) 83.3 ± 18.4 86.6 ± 14.6 

Absolute distance (cm) 207.0 ± 50.7 203.3 ± 43.4 

Variable distance (cm) 81.2 ± 18.5 88.0 ± 19.0 

Directional distance (cm) -51.5 ± 87.8 22.1 ± 55.3* 

 Note*p <0.05 

 

Next, we examined differences within the moving condition by comparing MLR- and 

MRL- conditions (Table 2). A Wilcoxon Signed-Ranks test found no significant differences 

between the MLR- and MRL-conditions for score (Z = -0.31, p > 0.05), save (Z = -1.26, p > 

0.05,), miss (t(11) = -1.60, p > 0.05), or kicks to the opposite side of the goalkeeper (Z = -

0.99, p > 0.05) percentages. A paired sampled t-test also found no differences between the 

absolute (t(11) = 0.33, p > 0.05, d = 0.10) and variable distance measures (t(11) = -0.83, p > 

0.05, d = -0.24). However, an effect was found between the two moving advertisement 

conditions for the signed distance (t(11) = -2.49, p < 0.03, d = -0.71), with the MLR-

condition showing kicks that were placed to the left of the centre of the goal (on average), 
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while in the MRL-condition kicks were placed to the right of the centre of the goal (on 

average). 

Given the fact that the results of gaze behaviour showed that participants did not shift 

visual attention in all trials within the moving advertisement conditions, we compared 

performance measures between MLR- and MRL-conditions for only those trials in which 

they looked at the advertisement. Participant 2 was left out of the analysis as the participant 

did not look at the advertisement in any of the penalty kick trials in the MLR condition. This 

left eleven participants in the analysis (Table 3). Wilcoxon Signed-Ranks tests did not reveal 

significant differences between the MLR- and MRL-conditions when looking to the 

advertisement for score (Z = -0.84, p > 0.05), save (Z = -1.57, p > 0.05,), miss (t(11) = -0.37, 

p > 0.05), or kicks to the opposite side of the goalkeeper (Z = -0.94, p > 0.05) percentages. 

Paired t-test also did not reveal significant differences for the absolute (t(10) = 1.13, p > 0.05, 

d = 0.34) and variable distance measures (t(10) = 1.15, p > 0.05, d = 0.35). However, a 

significant difference was found for the signed distance measure between the MLR- and 

MRL-conditions (t(10) = -2.69, p < 0.05, d = -0.81). Results indicate that in the MLR-

condition, the kicks were to the left of the centre of the goal (on average), while in the MRL-

condition the kicks were placed to the right side of the centre of the goal (on average).  
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Table 3. Penalty kick performance measures (Mean ± SD) between moving conditions in 

trials to which participants looked to the advertisement only 

 Left to Right (MLR) Right to Left (MRL) 

Score (%) 72.9 ± 36.2 88.3 ± 16.1 

Miss (%) 3.9 ± 10.2 5.3 ± 9.3 

Save (%) 23.2 ± 32.5 6.4 ± 15.7 

Opp. side GK (%) 76.8 ± 32.5 89.1 ± 20.2 

Absolute distance (cm) 191.6 ± 87.1 161.9 ± 67.3 

Variable distance (cm) 62.4 ± 38.7 42.5 ± 50.7 

Directional distance (cm) -63.3 ± 117.3 39.5 ± 101.5* 

 Note*p <0.05 

 

Discussion 

With the introduction of LED billboards within competitive sport that allow moving 

advertisements to be displayed around soccer stadiums during game time, there is a need to 

understand its potential effects on visual attention. Specifically, these billboards are placed 

around the field, including the area behind the soccer goal area, with the potential to distract 

the visual attention of a player during a penalty kick, a critically decisive event within 

competitive soccer. It is important to understand this as previous research has demonstrated a 

functional coupling of gaze behaviour and kicking, with the information made available from 

gaze fixations being pertinent in decision making, as well as maintaining effective 

performance (Behan & Wilson, 2008). Further to this, studies have shown the effect of 

distractions to visual attention, with shifts in attention to task irrelevant cues having the 

potential to disrupt motor performance within far-aiming tasks like the penalty kick (Wood & 

Wilson, 2010; Beilock, 2001; Morris, 2012; Lidor, Ziv, Tenenbaum, 2013). We therefore 

investigated whether a moving advertisement positioned behind the goal area did in fact catch 

the visual attention of participants performing the penalty kick, and, whether this has any 
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effects on subsequent motor performance. We hypothesized two possible effects of the 

moving advertisement. First, a moving background can function as a distractor, resulting in a 

nonspecific disruption of penalty performance measures, especially in terms of aiming 

accuracy and precision. Alternatively, a moving background may affect the perception of 

target location, inducing systematic changes in penalty performance and aiming which would 

be specific for the direction of motion of the advertisement, analogous to the effects of the 

Dunker illusion observed for aiming task (e.g., Soechting et al., 2000).  

It is worth noting from the initial perusal of the gaze behaviour results that 

participants indeed used a goalkeeper dependent strategy during the experiment, with an 

average 78% of gaze spent looking at the goalkeeper, which was expected given the nature of 

the instructions to participants. The key significant finding in the gaze behaviour data 

however was that the moving advertisement indeed caught the attention of participants 

compared to the no- and stationary advertisement conditions. Although gaze was affected by 

the motion of the background, no significant differences between the penalty performance 

outcome measures, namely success, miss and save rates, were found between the three 

conditions. Also, the participants did not significantly differ in the ability to decide and kick 

the ball to the opposite side of the goalkeeper dive, or differ in the accuracy of ball placement 

(i.e., absolute distance from the goal’s centre) between conditions. In fact, the only 

significant difference observed was with respect to the precision of ball placement (i.e., 

variable distance), suggesting less precise kicks in the moving advertisement condition 

compared to the no advertisement condition. This might suggest a small nonspecific 

distractive effect; however, we note that the variable measure for the stationary condition was 

numerically (but not statistically) even higher, suggesting that the disruptive effect, if any, is 

not induced by the motion of the advertisement.  
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When comparing gaze behaviour between the moving advertisement conditions, we 

found that participants’ visual attention shifted in more trials to the advertisement when it 

moved from left to right compared to when moving right to left. Presumably, this also lead 

participants, on average, to spend more time viewing the advertisement when it moved from 

left to right. In relation to this finding, it has been found that when looking at pictures of 

natural scenes, neurologically intact individuals show a leftward bias in the direction of their 

first eye movement. The presence of this leftward bias within spatial attention is known as 

pseudoneglect (Nuthmann & Matthias, 2014; Hartman et al., 2019; see Nicholls, Loetscher & 

Rademacher, 2010; Noël, van der Kamp, Weigelt & Memmert, 2015 for pseudoneglect in 

kicking tasks). This as well as the fact that the angle of the run up for the right footed players 

place the advertisement in the corner of the eye, could be the reason why the participants 

were more likely to look to the advertisement within the left to right condition. We did only 

include right-footed players within the present study. Future research should consider 

whether similar findings occur within left-footed players due to the differing constraints on 

the run-up for these players, and also because some authors have argued that pseudoneglect 

effects may be lateralized (McCourt & Garlinghouse, 2000) 

Although visual attention differed, we found no measurable difference in the penalty 

performance outcome measures between the two moving advertisement conditions. Yet, 

when aiming is concerned, a significant effect on the ball landing location was found: kicks 

were aimed to the left of the centre of the goal when the advertisement moved from the left to 

right, while kicks were placed to the right of the centre of the goal when the advertisement 

moved in the opposite direction. This theoretically pertinent result is aligned with previous 

findings in pointing and hitting using the Duncker illusion (Brouwer et al., 2003; Soechting et 

al., 2000), in which the presence of background motion from left to right and right to left 

resulted in systematic aiming errors to the left and right of a target respectively. Taking this 
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as well as later findings that accuracy of far aiming tasks is impacted by allocentric or 

contextual information (Shim et al., 2014; Van der Kamp, Van Doorn & Masters, 2009; Van 

der Kamp & Masters, 2008), our results suggest the exploitation of allocentric information 

sources in far-aiming task like the penalty kicks. Initially, this would seem in contradiction to 

the two visual systems model proposed by Milner and Goodale (2008), as the control of 

action typically exploits egocentric information. Yet, as Van der Kamp et al. (2008, 2009; 

Shim, van der Kamp, Rigby, Lutz, Poolton & Masters, 2014) have suggested, aiming tasks 

such as the penalty kick may involve identifying landing location and this process may 

actually be more consciously controlled and thus involve the ventral stream, thereby 

exploiting allocentric information (see also Willingham, 1998). To what degree, the, 

presumably unintended, systematic effects on aiming accuracy can actually also bring about a 

degradation in performance outcome with a real goalkeeper trying to save the penalty kick 

must be addressed in future studies. That is, in the present study, the exact aiming location 

did not affect the performance outcome scores, but when using a real goalkeeper, differences 

in aiming can potentially bring the ball (just) within reach, affecting the opportunities for the 

goalkeeper to intercept the ball. 

A few additional notes have to be made regarding the findings that relate to 

representativeness of the current experimental procedures. With our current design, the 

situation enforced a keeper-dependent strategy which has allowed us to maximize the penalty 

takers visual attention to the goalkeeper and the goal area. However, it is important seek to 

which degree these findings can be generalized to kickers who use a goalkeeper-independent 

strategy. Due to the differences in visual gaze patterns across the two penalty taking 

strategies, it is pertinent to understand the effects on visual attention and subsequent penalty 

performance within the goalkeeper-independent strategy as well. A likely difference is 

toward the timing of the effect. While with the current keeper-dependent strategy, a moving 



128 
 

advertisement can affect aiming almost through the entire run-up and kick, it is likely that 

with a goalkeeper-independent strategy the effect is restricted to the preparation and early 

phase of the run-up, because within the keeper-independent strategy, kickers tend to focus 

their attention earlier and longer toward the ball. Also, the length of the run-up is a potential 

factor influencing the relative amount of time kickers spend looking at the goalkeeper, goal 

and ball, and thus, their susceptibility to a moving advertisement (Kurz & Munzert, 2018). 

Another concern might be that in the competitive environment, kickers only have one attempt 

to complete a penalty kick and previous research has suggested that participants tend to 

adjust penalty strategies as the trials continue in order to be more successful (Wood & 

Wilson, 2010), and in the current study also may have adapted to the attention drawing effect 

of the moving advertisement, having less effect over time. It would be interesting to see the 

effects of a moving advertisement in a single attempt in future studies in order to better 

mimic the competitive situation. We do think, however, that with respect to the information 

available for aiming and the spatial constraints on action our design is reasonably 

representative relative to on-field or competitive situations. In fact, the major flaw in terms of 

representative design is in the absence of dynamic interactions between kicker and 

goalkeeper. This relates to kicker being instructed to use a keeper-dependent strategy (as 

discusses above) and the use of a goalkeeper projection, which -obviously- did not respond to 

the kickers’ action. Importantly, therefore, future research must verify the observed effects of 

moving advertisement in on-field environments, for instance, by analyzing video-footage of 

competitions. A final but relevant concern would be the difference between the pressure 

perceived by the participants during the current study, versus the pressure experienced in a 

competitive environment. Attentional control theory (ACT) propose that anxious individuals 

both orient more rapidly to salient or conspicuous stimuli, and disengage from them more 

slowly (Wilson et al., 2009). This is theoretically interesting as implications are that in higher 
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anxiety competitive situations, a moving advertisement could affect attention even more that 

in the penalty kickers shown within this study. Future research, including notational analysis 

of video-footage, should take this into consideration.   

In conclusion, a moving advertisement placed behind the goal area was found to catch 

the visual attention of soccer penalty kickers using a goalkeeper-dependent strategy, with no 

measurable distractive nonspecific effects on penalty kick performance measures. However, 

importantly, systematic effects on aiming were found when comparing conditions in which 

the advertisement moved in opposite directions suggesting that the aiming accuracy of the 

penalty kick is impacted by task-irrelevant contextual information.   
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Chapter 6: Epilogue 
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Epilogue 

Ecological Psychology and Representative design 

Grounded in the theory of ecological psychology, the present thesis set out to provide 

more insight into understanding affordance perception for decision-making in dynamic 

sporting situations. Ecological psychology stresses the performer-environment relationship, 

the interaction of which brings about the emergence (and dissolution) of action opportunities, 

or affordances (Araújo et al., 2006; Davids & Araújo, 2010; Dicks et al., 2010; Davids, 

Araújo, Vilar, Renshaw, & Pinder, 2013). That is, as a performer moves and/or objects and 

other persons in the environment move, the perception of the said environment continuously 

changes in terms of the behavioural opportunities that it offers. It is within this performer-

environment relationship that performers are required to make decisions that select, and 

realize appropriate action responses (Davids et al., 2013). This implies that in order to test 

and fully understand affordance perception and decision-making, it is imperative to consider 

the importance of the functional link between perception and action (Davids & Araújo, 2013; 

Travassos, Araújo, Davids, O’Hara, Leitão, & Cortinhas, 2013; Dicks et al., 2010). The 

suggestion is that the use of representative task and environmental constraints where 

performers are required to perform actual sporting actions in in-situ conditions, rather than 

verbal or button presses in response to video clips, are the most adequate empirical protocols 

to enhance validity of data (for overview, see Travassos et al., 2013). Accordingly, it is 

within these in-situ conditions (i.e., by maintaining the relevant perception-action link) where 

decisions are comparable to life-like competitive situations, as well as where the largest 

differences between skilled and lesser skilled performers are found, certainly in temporally 

constrained interceptive type tasks (for a meta-analysis see: Travassos et al., 2013; also see 

Brunswick, 1956). The key focus of the thesis was to examine the importance of the link 

between perception and action in far-aiming tasks instead, and in fact, to examine to what 
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degree the performer’s action capabilities indeed co-determine the perception of affordances, 

and hence, decision-making. The aim of this Epilogue is to provide an overview of the main 

findings accompanied by theoretical and practical implications.  

 

Summary of the empirical work 

The present thesis demonstrates from an ecological perspective that perception for 

decision-making is grounded in action, which is paramount to consider when the aim is to 

fully understand decision-making within self-paced far aiming tasks. Chapter 2 provided 

evidence for the importance of representative design and the importance of maintaining the 

perception-action link in a self-paced, far aiming free-kick task. The results showed that the 

participants’ decision-making profiles regarding where to aim during a soccer free-kick task 

differed between an in-situ condition in which the perception-action link was maintained, 

compared to an in-laboratory condition in which perception-action link was not maintained. 

Specifically, participants selected more risky areas of the goal (i.e., top left and right corners 

of the goal) to aim for using a pen/paper written response when in the traditional laboratory 

setup viewing a video-screen with no movement response required compared to the in-situ 

condition in which the participants viewed a more natural scene, which included a full free-

kick movement response (i.e., more central areas of the goal). The variation in responses 

across conditions highlighted that perception-action coupling is an important factor to 

consider when studying decision-making in self-paced, far-aiming tasks, even in the case of a 

closed-skill such as the free-kick in which environmental factors are relatively static in 

nature, with a presumption that decisions are made before the execution of action. We argue 

that this shows that perceptual decisions are indeed grounded in action, that is, intrinsically 

constrained by the action capabilities of the perceiver. These results confirm that by 

uncoupling perception and action, researchers and trainers run the risk of not fully 
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understanding the complexities of decision-making within self-paced far aiming tasks, and 

provide support for representative design requirements (Dicks, Davids, & Button, 2009; 

Dicks et al., 2010; Pinder, Renshaw, Davids, & Araújo, 2011).   

The thesis also found support for action-specific effects on perception (Proffit, 2006), 

which favors the notion that people perceive situations within an environment primarily in 

terms of affordances, or action opportunities. Perception implies the scaling of (spatial) 

properties of the environment to the perceiver's current capability, meaning that physical or 

Euclidian properties of similar environments will be perceived differently by participants 

with differing functional capabilities, or even to the same perceiver as functional capabilities 

change (Lessard, et al., 2009). For example, fatigued individuals overestimated the slope of a 

hill more compared to when they were not fatigued using visual and verbal measures (Bhalla 

& Proffitt, 1999). Proffitt (2006) argued that perceptual accentuation of properties such as 

slope would be largest at the boundaries of an individual's action capability (i.e., the 

boundary between the slope being climbable or not), because this would be adaptive in 

preventing the individual from performing actions that are outside of their current action 

capability, underlining that these biases in perception of the spatial properties of the 

environment originate in affordance perception.  

In Chapter 3, using a modified staircase procedure, we investigated the accuracy with 

which skilled soccer players were able to perceive the affordance of whether free-kick 

situations presented over a wide range of distances from goal were kickable or not. We also 

required participants to estimate the actual distances of the free-kicks from goal using a 

perceptual-matching task. It was found that perception of kickability was more strongly 

related to success in the free-kick task than distance perception per se, providing support that 

affordance perception is primary to the perception of spatial properties of the environment. 

Further, results found that distance perception was correlated with kicking performance, but 
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only around the boundary of the participants’ perceived free-kick kick capability. In fact, 

participants were found on average to underestimate distance of the free-kick across all 

distances, but interestingly, they showed the largest perceptual bias around the action 

boundary. Results support the notion derived from Proffitt's (2006) account that action-

specific effects on the perception of the environment properties are grounded in the 

perception of affordances.  

In order for the argument that action-effects on perception are adaptive to be true as 

they promote safe, economic, and appropriate behavioural decisions (Proffitt, 2006; Witt, 

2010), the biases seen in perceptual tasks should only affect decisions for action. This is due 

to that fact that if these biases translate into execution of action, it would lead to possible 

failure of achieving the intended behavioural goals. In Chapter 4, within Experiment 1, we 

found action-specific effects on the perception of distance of a target within a hockey push 

pass task, where distances were perceived to be larger as a function of task difficulty prior to 

making a push-pass action towards the target (i.e., the smaller targets being more difficult) 

using a perceptual-matching task. These action-specific effects on perception suggest that the 

more difficult the task, the further the estimation of the distance of the target, providing 

support for the notion that people scale spatial properties of the environment to their current 

action capability. Importantly however, in Experiment 2, the addition of measuring the speed 

of the hockey push-pass found that a perceptual bias did not translate into the execution of 

the actual push-pass task. In line with the action-specific account of perception, a perceptual 

bias arose that may assist in making adaptive action choices. However, consistent with 

Milner and Goodale’s (1995) two-visual systems model, this perceptual bias did not affect 

subsequent control of movement, preventing it from becoming maladaptive.  

Finally, Chapter 5 investigated whether decisions to kick to the left or right of the goal 

within a soccer penalty kick task were influenced by a moving advertisement background 
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(i.e., contextual information). We were interested in whether a moving advertisement 

positioned behind the goal area did in fact catch attention of participants performing the 

penalty kick, and, whether this has any effects on subsequent decisions and action execution.  

Based on Milner and Goodale’s (1995, 2008) two-visual system model, we originally 

expected this effect on perception and subsequent decision-making. However, results showed 

that although the moving advertisement caught the visual attention of penalty takers, no 

differences in kick performance measures were found in relation to decision to kick to the left 

or right side of the goal between conditions. On further investigation however, we did find 

that the moving background systematically affected far-aiming performance, lending support 

to previous claims of allocentric information (i.e., ventral system) underpinning target 

identification in far aiming tasks (Shim et al., 2014; Van der Kamp, et al., 2009; Van der 

Kamp & Masters, 2008)  

Overall, the current thesis provides support for ecological psychology that perception 

and decision-making are grounded in action. It is the performer’s interactions with the 

environment that continuously bring about different opportunities for action, or affordances. 

It is therefore imperative in order to understand affordance perception and decision-making 

that the study designs are representative and allow participants to respond with full action 

responses, maintaining the perception-action link. Results of the thesis are in line with the 

earlier observation that the perception of spatial properties can be biased, especially around 

action boundaries. We put forward an explanation for this which is in line with a perspective 

put forward by Canal-Bruland and Van der Kamp (2015), who suggest that the relationship 

between affordance perception and spatial perception is nontrivial because affordance 

perception is dichotomous, whereas the perception of spatial properties is gradual. The idea is 

that in a single encounter, affordance perception is dichotomous (i.e., I can either perform the 

action, or not perform the action). This dichotomy implies that small changes in the 
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environment and/or the observer can abruptly induce a discontinuous change in the 

perception of what the environment offers for action (Canal-Bruland & Van der Kamp, 

2015). By contrast, the perception of the physical properties in the environment is gradual, 

and using slant as an example, one hill is shallow, another is steep, and another is very steep 

(or expressed in angles). As a consequence, a small change in the environment can evoke an 

associated proportional change in the perception of that property, with the argument that the 

perception of spatial properties of the environment are therefore enslaved by affordance 

perception, and most notably, at the critical boundaries for action (Canal-Bruland & Van der 

Kamp, 2015). It is these biases in perception of spatial property being present in order to 

assist in making adaptive behavioural choices (Proffitt, 2006). We found support for this 

notion of these biases being adaptive in nature as results indicated no impact on the control of 

action; a finding that is consistent with neuro-psychological models of information pickup 

that propose parallel systems for perception and action (Milner & Goodale, 1995).  

 

Implications for Research 

It is imperative to understand decision-making within the context of organism-

environment relationship, specifically, that the perception of affordances and decision-

making are critically dependent on both perception and action. The most relevant information 

for performance and learning in dynamic environments arises from the continuous performer-

environment interactions (Davids et al., 2013; Araújo, et al., 2006; Van Orden, Holden, & 

Turvey, 2003; Travassos et al., 2012). The present study finds support for this idea in far 

aiming tasks, emphasizing the importance of representativeness in which the link between 

perception and action is maintained and in particular, that participants are able to interact 

with situations in which full movement responses are required. Therefore, experiments within 

the domain of decision-making using video screen paradigms, or more recently, the 
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introduction of more immersive Virtual Reality (VR) technologies, seem insufficient in order 

to fully understand the decision-making processes both for interceptive and far-aiming tasks 

(Travassos et al., 2012). The current results suggest that in even more stable, closed skill 

tasks, where affordance perception and decision-making likely occur prior to action within 

relatively predictable and stable environments, action capabilities do influence action 

decisions. Therefore, in order to improve our general understanding, and even further, the 

understanding of the effect of expertise on decision-making in sport, research protocols need 

to capture the perceptual-cognitive factors that guide performers decisions, but especially the 

functional patterns of behaviour that emerge during performance (Davids & Araújo, 2010). 

Although within the current thesis, we have moved away from least representative 

experimental situations, in which participants are required to give written or verbal responses 

while being presented clips on video screens, we are only on our way to having situations that 

are fully representative of competitive sporting environments. It is therefore an important 

future challenge to examine decision-making processes in which participants are immersed in 

dynamic, open environments that closely match competitive situations. Firstly, understanding 

that participants with differing experience, action capabilities, and physical attributes may see 

similar situations differently is important, with a key skill being able to perceive what action 

opportunities (affordances) are available to them specifically, and choosing the one that they 

are able to perform successfully. A decision regarding what action to perform is of no help to 

a participant if they are not able to perform the action successfully, and we need to look at 

decision-making not only from the viewpoint of deciding on the future action, but whether 

that is the best action, taking your own capability into consideration (see Bruce et al., 2012). 

Secondly, the ability to move within an environment is important to consider as a 

participant’s movements can and will influence the current situation. An example can include 

a soccer player deciding to dribble the ball based on the current information, however, the 
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player sees a defender coming towards them at speed, which makes the player change their 

mind and pass the ball. To fully understand players that are better at decision-making, it is 

not only the presentation modality that is important, but the ability for participants to interact 

with other participants and for movement responses to influence the outcome of presented 

situations in order to be as representative as possible. Interesting, Orth, Davids, Araújo, 

Renshaw, & Passos (2012) found that the mere addition of a defender to a free-kick crossing 

task in soccer affected the approach speed to the ball of participants. Further differences in 

approach speed were found between conditions in which the defender was either far away, or 

close to the ball at the start of the free-kick task. The study demonstrated that running 

velocities during the approach to cross a stationary ball are shaped by not only presence of a 

defensive player, but also the starting distance of a defender that was scaled according to the 

action capabilities of both the attacker and the defender (Orth et al., 2012). Predicated on 

applying representative design principles, the findings suggest the need to evaluate how elite 

level performers manage the inter-personal distance to the defender in a manner that enables 

them to maximise ball speeds. They may well, for example, run at a speed as close as 

possible to the lower boundary that enables a kick to be realised. Alternatively, at some point 

in the run-up, it may be useful for performers to realise a different affordance; for example 

rather than kicking the ball, taking possession of the ball and dribbling may be a more 

functional tactical action. We also suggest that it will be an interesting task to measure how 

skilled participants interact and move within competitive environments in order to create or 

annihilate affordances in order to gain an advantage over the competitors. It seems effortless 

for top athletes to move in ways that put themselves in positions to execute successful 

actions, and/or, put their opponents in bad positions in which they are unable to perform 

successfully. It is a combination of the action capabilities (movement capabilities), and the 

ability to manipulate the current constraints that allow the advantage to play out and this is 



144 
 

where testing and training of decision-making needs to progress. Further, within these 

representative situations, researchers can then take into account contextual factors such as 

anxiety and fatigue, all having an influence on the perception of affordances and the selection 

of actions. 

 

Implications for Practice 

The idea that the perception of affordances and decision-making are critically 

dependent on both perception and action suggest that skill acquisition programmes need to 

sample information from the performance environment to guide behaviour in practice tasks. 

Skill acquisition task protocols should allow performers to interact with full movement 

responses, to explore and create opportunities for action, rather than constraining them to 

passively receiving information. This conceptualisation also needs to characterize the design 

of talent evaluation tests, which need to faithfully represent the perception-action 

relationships in the performance environment. (Davids et al., 2013). More recently, VR 

technology which has allowed performers to be immersed into a 3D environment has been 

introduced. There are a few reasons why this technology is an improvement over the video 

screen paradigm. Firstly, compared to the two-dimensional display of the video projection, 

the athlete has stereoscopic information within the virtual world, providing a richer array of 

information from a presentation modality perspective. A second benefit is linked to the 

viewpoint of the athlete, as the view is updated in real-time as movement occurs during the 

experiment (Vignais, Kulpa, Brault, Presse, & Bideau, 2015). However, based on the results 

of this thesis, there are clear concerns about the constraints on the performer’s action 

response within VR. Without full movement responses being required, perception and action 

are uncoupled, which suggests that the participant does not have to take their own action 

capability into account, with our results indicating that this will miss out on key factors of 
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decision-making, influencing the measurement of this process. Secondly, the fact that 

presentations of the environments are still typically looping scenarios, the decisions and 

movements of the athlete would have no influence on the outcome of the presented scenario 

(e.g., on the actions of the opponents, or team-mates). As an example, Vignais et al (2015) 

made differing attacking clips in American Football in which a player needed to view clips 

within a 3D immersive world for three seconds compared to the same clips on a 2D video 

screen, and in both situations, decide the best player to pass to, based on the presented 

information. Essentially, results showed the benefits of the 3D technology compared to the 

2D video screen mentioned above i.e., that stereoscopic information, and the ability to change 

the observer’s viewpoint during clip presentation allowed for more accurate decisions in the 

VR situation when compared to the video screen. However, with regards to movement 

response, participants were only required to indicate which team-mate they would pass to 

within the differing attacking clips, without having to actually perform the pass (i.e., were 

only required to indicate which player to pass to). It is important to note that these systems 

are increasingly introduced to professional sport clubs to train decision-making for players 

who are injured. Yet, the results of the current thesis suggest that in order to be able to train 

decision-making within sport, VR technologies will have to require athletes to respond with 

full movement responses that will allow them to take their own movement capabilities into 

account when making decisions. Thirdly, the training designs need to challenge themselves to 

have clips that can change in response to the movements of the participants. As an example, 

if a player decides to pass a ball to their team mate, a defender might try and stop the ball, if 

the player decides to keep the ball and dribble, the defender will move towards the participant 

in order to attempt to tackle. With the advent of 3D virtual technology, we have made a step 

in the right direction with regards to becoming a more representative presentation modality. 

However, there is still fundamental work to be done with regards to the representativeness of 
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allowing full movement interaction within the environments, which in turn, influences the 

outcome of the said presented clips.  

For ecological psychology, in order to maximize testing and development of decision-

making, participants should be able to interact with situations in which full movement 

responses are required within in-situ environments, representative for the contexts of interest.   

This suggests that it is important to form separate tracks for perceptual decision-making and 

the perceptual control of movements in talent identification and skill acquisition programmes, 

but not in isolation from each other. 
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Samenvatting 

(Summary in Dutch) 
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Om een beslissend voordeel te behalen op tegenstanders, moet een sporter bewegen 

en handelen in sportsituaties gekenmerkt worden door een hoge mate van dynamiek, waarbij 

de mogelijkheden tot handelen (‘affordances’) voortdurend wisselen. Deze wisselingen zijn 

niet uitsluitende een gevolg van de continue veranderende situatie, maar ook van de 

(veranderende) handelingscapaciteiten van de sporter zelf. Dit proefschrift beoogd meer 

inzicht te krijgen in het waarnemen van de handelingsmogelijkheden en het nemen van 

beslissen in miktaken in dit type dynamische sportsituaties. De ecologische psychologie 

wordt daarbij als theoretisch uitgangspunt genomen. Vanuit de theorie van de ecologische 

psychologie wordt verondersteld dat het waarnemen en het nemen van beslissen gegrond is in 

het handelen of bewegen. Het benadrukt daarmee het belang van het in standhouden van de 

natuurlijk koppeling tussen waarnemen en bewegen voor het ten volle kunnen begrijpen, 

onderzoeken, en uiteindelijk ook trainen, van het nemen van beslissingen in echte 

sportsituaties. Empirische evidentie hiervoor voor deze stelling komt vooral uit onderzoek 

naar interceptieve taken. 

In Hoofdstuk 2 werd onderzocht of deze vereiste van representativiteit (m.a.w. het in 

standhouden van de natuurlijk koppeling tussen waarnemen en bewegen) ook van kritisch 

belang is in miktaken, waarbij in tegenstelling tot interceptieve taken de timing van de 

beweging niet van buitenaf gedicteerd wordt. Voetballers voerden een vrije-trap beslistaak uit 

in twee condities: in het laboratorium met een videoscherm zonder een bal te trappen, en op 

het veld (in-situ), waarbij daadwerkelijk een bal getrapt werd. De resultaten lieten zien dat de 

beslisprofielen met betrekking tot de locatie waar gemikt verschilden tussen de condities. De 

deelnemers selecteerden op het veld minder risicovolle gebieden in het doel (d.w.z. meer 

centrale gebieden) dan in het laboratorium. Beargumenteerd wordt dat door waarnemen en 

bewegen los te koppelen, onderzoekers een onvoldoende compleet inzicht krijgen in de 
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complexiteit van het nemen van beslissen bij miktaken in de sport. Dit onderstreept het 

belang van een representatieve opzet van zowel onderzoek als training.  

Het proefschrift levert ook additioneel bewijs voor de zogenoemde handelings- of 

bewegingsspecifieke-effecten op het waarnemen. Deze bevindingen ondersteunen de stelling 

dat mensen en sporters een situatie primair waarnemen in termen van de mogelijkheid tot 

handelen (‘affordances’) die de situatie biedt. In Hoofdstuk 3, waar een aangepaste versie van 

de zogenoemde ‘staircase’-procedure werd gebruikt, werd gevonden dat het waarnemen van 

trapbaarheid (‘kickability’) sterker gerelateerd was aan succes in de vrije-trap taak, dan dat de 

waarneming van afstand per se dat was. Dit suggereert dat de waarneming van 

handelingsmogelijkheden fundamenteler is dan de waarneming van ruimtelijke 

eigenschappen van de omgeving. De resultaten lieten ook zien dat de waarneming van 

afstand gecorreleerd was aan de vrije-trap prestatie, maar alleen rond de grenzen van de 

waargenomen handelingsmogelijkheden (m.a.w. de mogelijkheden tot het succesvol kunnen 

uitvoeren van een vrije-trap). Dat wil zeggen, gemiddeld genomen onderschatten de 

deelnemers de afstand waarover de vrij-trap moest worden genomen, maar de grootste 

systematische afwijking in waarneming was rond de grenzen van de 

handelingsmogelijkheden. De resultaten ondersteunen de notie van Proffitt (2006) dat 

bewegingsspecifieke-effecten op de waarneming van omgevingseigenschappen gegrond zijn 

in het waarnemen van handelingsmogelijkheden.  

De veronderstelling is dat bewegingsspecifieke-effecten op het waarnemen adaptief of 

functioneel zijn. Deze stelling kan uitsluitend waar zijn als de bewegingsspecifieke-effecten 

inderdaad leiden tot veilige, efficiënte en adequate beslissingen, en niet doorwerken in de 

uitvoering van de handeling. Hoofdstuk 4 onderzocht dit gegeven. In Experiment 1 werd het 

optreden van bewegingsspecifieke-effecten op het waarnemen van afstand in een hockeypush 

taak bevestigd: moeilijkere taken (d.w.z. kleinere doelen) leidden er tot dat de afstand tot het 
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doel als langer werd waargenomen. Mensen schalen de waarneming van de ruimte lijke 

aspecten van de omgeving dus naar hun handelingscapaciteiten. Echter, Experiment 2, waarin 

ook de balsnelheid na de hockeypush pass werd gemeten, toonde aan dat deze systematische 

afwijking in de waarneming niet doorwerkte in de uitvoering van de hockeypush taak. 

Beargumenteerd wordt dat, overeenkomstig de bewegingsspecifieke verklaring van het 

waarnemen, de systematische afwijking in de waarneming adaptief is voor het nemen van 

beslissingen over de gewenste handeling. Echter, zoals ook volgt uit het twee-visuele 

systemen model van Milner en Goodale (1995), beïnvloedde de systematische afwijking in de 

waarneming niet de daaropvolgende sturing van de beweging, zodat de afwijking niet 

dysfunctioneel werd. 

In Hoofdstuk 5, tenslotte, werd onderzocht of de bewegende reclame die direct achter 

het doel zichtbaar is, de aandacht van schutters trek bij het nemen van een strafschop, en in 

hoeverre dat op zijn beurt het nemen van beslissingen en de uitvoering van het schot 

beïnvloedt. De resultaten lieten zien dat hoewel bewegende reclame inderdaad de visuele 

aandacht van de schutters trekt, er behalve een klein verschil in precisie, er geen effecten 

waren op uitkomstmaten zoals het aantal gescoorde strafschoppen of de zijde waarnaar 

geschoten werd. Nadere analyses lieten echter zien dat de bewegingsrichting van de reclame 

wel systematische effecten veroorzaakte in het mikken van het schot. Dit ondersteunt eerdere 

argumentaties dat allocentrische bronnen van informatie gebruikt wordt bij het kiezen van 

ruimtelijke doelen in miktaken. 

De uitkomsten van het onderzoek in dit proefschrift ondersteunen de stelling van de 

ecologische psychologie dat het nemen van beslissingen gegrond is in het handelen of 

bewegen. De interactie van de beweger met de omgeving genereert voortdurende 

verschillende mogelijkheden tot handelen (‘affordances’). Het is daarom noodzakelijk voor 

een goed begrip van de waarneming van handelingsmogelijkheden en het nemen van 
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beslissingen dat de deelnemers in experimentele studies de mogelijkheid geboden wordt om 

de volledige handeling of beweging uit te voeren, zodat de natuurlijk koppeling tussen 

waarnemen en bewegen gehandhaafd blijft. Voor de praktijk betekenen deze ideeën dat 

talentontwikkelingsprogramma’s die ten doel hebben het bewegen of handelen te verbeteren 

er zorg voor moeten dragen dat de beschikbare informatie in trainingssituaties representatief 

is voor competitieve situaties. Programma’s voor het verbeteren van bewegen of handelen, 

moeten het sporters mogelijk maken de beweging volledig uit te voeren, actief te exploreren 

en nieuwe mogelijkheden tot handelen te creëren in plaats van sporters te degraderen tot 

passieve ontvangers van informatie.  
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