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Chapter 1

In many complex dynamic motor tasks in domains such as sport, aviation, or the military, 

and in every-day tasks like driving a car or crossing a street, the ability to pick up 

visual information and to select and execute an appropriate action is key to high-level 

performance (Williams & Ericsson, 2005; Williams, Ford, Eccles, & Ward, 2011). Especially 

sports offer a unique, dynamic, and time-constrained environment in which expertise can 

be examined. Better understanding of the required skills and the underlying processes 

that discriminate individuals with varying levels of performance, can facilitate the 

development of effective practice and instruction methods, and the processes of talent 

identification and development. 

 In team sports, like soccer and basketball, performance is multifactorial and depends 

on physiological, technical, psychological and tactical skills (Reilly, Williams, Nevill, 

& Franks, 2000). For example, soccer players must pick up information from the ball, 

teammates and opponents to decide upon an appropriate course of action while taking 

into account the action constraints (e.g., technical ability, physical capacity) and current 

objectives (e.g., strategy; Williams, 2000). These decisions are often made under 

pressure, as opponents try to reduce the time and space available to perform. Players 

therefore need to quickly recognize the pattern of play, anticipate future events, and 

make fast and accurate decisions. This ability to ‘read the game’ is an important factor 

of team sport performance and it distinguishes skilled from less skilled players (Williams, 

2000). Tactical expertise means choosing the correct action at the correct moment and 

performing that course of action efficiently and consistently throughout a match (Baker, 

Cote, & Abernethy, 2003; Grehaigne, Godbout, & Bouthier, 2001). Tactical skills should 

not be confused with strategy. “Strategy refers to all plans, principles of play, or action 

guidelines decided upon before a match in order to organize the activity of the team 

and the players during the game” (Grehaigne, Godbout, & Bouthier, 1999, p. 166), while 

tactical skills refer to all spontaneous actions voluntarily executed by the players during 

the game in order to adapt to the immediate requirements of the dynamic and ever-

changing environment (Grehaigne et al., 1999). 

 In 1991 Ericsson and Smith proposed the expert performance approach as a framework 

to study how experts perform or learn skills (Williams, Fawver, & Hodges, 2017). This 

approach consists of three stages (Figure 1.1). In the first stage, the aim is to capture 

expert performance in a reliable and objective manner and to identify the component 

skills that discriminate the skilled from the less-skilled performers. This can be achieved 

under controlled conditions in the laboratory or using appropriate field tests. The expert-

novice paradigm is often used in this first stage to examine perceptual-cognitive skills 

of performers in lab-settings. In the second stage, the aim is to determine the processes 

and mechanisms that underlie expert performance using process-tracing measures 

such as eye-movement recordings, film occlusion, and verbal reports. Knowledge of 

the underlying processes and mechanisms can facilitate understanding of the factors 
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that contribute to expert performance and how experts perform better than novices. 

The aim of the final stage is to examine the acquisition of the identified characteristics 

of expertise. This can be achieved using learning studies, training interventions, and 

retrospective training history profiles. In this thesis, the expert performance approach 

has been applied to gain a better understanding of tactical skills in team sports; all stages 

are represented in the studies reported. Chapters 2-5 focus on video-based tests of 

perceptual-cognitive skill and specific field tests in order to capture expert performance 

reliably and objectively. To identify underlying mechanisms, eye-movement recordings 

are used in Chapter 2, 4, and 5. And the final experimental chapter, Chapter 6, contains a 

learning study to examine how expertise can be developed. In the current chapter, I will 

elaborate on the key topics of this thesis: perceptual-cognitive skills, gaze behaviour, 

measuring performance, and the role of feedback in improving performance. This chapter 

ends with an overview of the study aims that are addressed in the next chapters.

Figure 1.1. The expert performance approach proposed by Ericsson and Smith (1991). Adopted from 
Williams and Ericsson (2005).

Perceptual-cognitive skills
It has been well established that skilled athletes possess better perceptual-cognitive 

skills than their less-skilled counterparts. Perceptual-cognitive skill is the ability to 

identify and acquire perceptual information, for integration with existing knowledge, 

to facilitate the selection of an appropriate response to be performed (e.g., Williams & 

Ericsson, 2005; Williams & Ford, 2008). Perceptual-cognitive skills include anticipation, 

pattern recall, and decision making. Although such skills are likely to be seamlessly 

integrated during high-level performance, the majority of research to date has largely 

examined performance on tests of perceptual-cognitive skill independently. Therefore, 

each of these skills will be discussed in turn.
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Anticipation
Anticipation is the ability to predict the outcome of another person’s action on the basis 

of the pickup of advance visual cues that arise from the postural orientation before a key 

event such as foot-ball contact in soccer or racquet-ball contact in tennis (e.g., Abernethy 

& Russell, 1987b; Jones & Miles, 1978; Savelsbergh, Williams, Van der Kamp, & Ward, 

2002; Williams & Ward, 2007). The skilled performer’s ability to use advance information 

is one of the earliest and most robust findings in the perceptual-cognitive skill literature 

(Williams & Ward, 2007), and is essential in fast ball sports, because the speed of play 

and ball velocity dictate that response actions must often be initiated in advance of the 

completion of the opponent’s action (Abernethy, 1987). For example, a soccer penalty 

kick shot at a speed of 80 km/h, provides the goalkeeper with just over half a second to 

respond. Taking into account the reaction and movement time, the goalkeeper simply 

does not have enough time to reach the corner of the goal to stop the ball when he 

waits for the ball-flight information (Van der Kamp & Savelsbergh, 2010). Therefore, 

the goalkeeper has to use information from the penalty taker’s postural orientation to 

anticipate the direction of the shot. 

 The ability to anticipate has typically been assessed using a temporal occlusion 

paradigm. This technique involves presenting participants with video clips of opponents’ 

actions that vary in the amount of advance and ball-flight information, and requesting 

the participants to determine what happened next. Abernethy and Russell pioneered the 

work on anticipation in the late 1980s (e.g., Abernethy, 1990; Abernethy & Russell, 1987a; 

Abernethy & Russell, 1987b). They examined anticipatory skills of expert and novice 

badminton and squash players using the temporal occlusion paradigm, and found that 

experts were superior in predicting the direction of the strokes as they were able to pick 

up earlier advance information than novices. Expertise-related differences in anticipation 

skill were found in a number of sports, including tennis (Jones & Miles, 1978), volleyball 

(Cañal-Bruland, Mooren, & Savelsbergh, 2011; Starkes, Edwards, Dissanayake, & Dunn, 

1995), field hockey (Starkes, 1987), and soccer (Savelsbergh, Haans, Kooijman, & van 

Kampen, 2010; Savelsbergh, Onrust, Rouwenhorst, & Van Der Kamp, 2006; Savelsbergh, 

Van der Kamp, Williams, & Ward, 2005; Savelsbergh et al., 2002; Ward & Williams, 

2003; Williams & Burwitz, 1993; Williams, Davids, Burwitz, & Williams, 1994). Although 

most research on anticipation in soccer has been conducted using penalty kicks, the 

assumption is that out-field players rely on similar sources of information when trying 

to anticipate the direction of an opponent’s pass (Williams, 2000). For example, Williams 

et al. (1994) required experienced and inexperienced soccer players to watch video clips 

of open-play soccer situations. When the ball was passed to a highlighted player, the 

participants had to identify as quickly and accurately as possible the destination of the 

pass made by this highlighted player. The results showed that the experienced players 

demonstrated superior anticipatory performance. 
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Pattern recall
Pattern recall or pattern recognition is the ability to recall or recognize previously 

seen patterns of play (e.g., Allard, Graham, & Paarsalu, 1980; Gorman, Abernethy, & 

Farrow, 2012). This ability has typically been assessed by showing participants static or 

dynamic footage of game situations for a very short period of time. Directly afterwards, 

participants are required to recall the position of each player as accurately as possible. 

Recall accuracy has been determined by the degree of correspondence between the 

presented and the reconstructed player positions. 

 Early research on pattern recall skills was conducted by De Groot (1965) and by Chase 

and Simon (1973) and focused on the differences in the reproduction of chess positions 

between chess masters and less-skilled players. After viewing chess configurations 

for a couple of seconds, chess masters were better able to recall the positions of the 

pieces than the less-skilled players, but only when structured chess configurations were 

displayed. When the pieces were randomly positioned on the board, the master players 

could not recall them better than the weaker players. The superior performance of the 

chess masters therefore seems not to depend on enhanced short-term memory, but on 

the ability to perceive structure in the chess configuration and encode this in chunks of 

several pieces, thereby circumventing the limitations of short-term memory (Chase & 

Simon, 1973). Following these initial studies, the pattern recall paradigm has also been 

used to examine the underlying skills of performance in team sports (Allard et al., 1980; 

Borgeaud & Abernethy, 1987; Gorman, Abernethy, & Farrow, 2011; Gorman et al., 2012; 

Gorman, Abernethy, & Farrow, 2013a, 2013b; Williams, Davids, Burwitz, & Williams, 

1993). For example, Williams et al. (1993) studied pattern recall skills of experienced and 

inexperienced soccer players. After viewing video clips of structured and unstructured 

soccer game situations, the participants were required to recall the positions of the 

players as accurately as possible by positioning schematic representations of players on 

a computer-generated image of a soccer field using the mouse. The findings showed that 

the experienced soccer players recalled the positions of the players more accurately than 

the novices, but again only for the structured game situations. Comparable findings have 

been found, among others, in basketball (Allard et al., 1980; Gorman et al., 2011, 2012, 

2013a, 2013b), volleyball (Allard & Starkes, 1980; Borgeaud & Abernethy, 1987), rugby 

union (Farrow, McCrae, Gross, & Abernethy, 2010), and field hockey (Abernethy, Baker, & 

Cote, 2005).

 Since the capability to recall patterns of play is rarely, if ever, directly required in team 

sports, a key question is whether the significant differences in pattern recall accuracy 

between skilled and less-skilled players serve any functional purpose (Gorman et al., 

2012; Williams & Davids, 1995). The early work of De Groot (1965) showed that when 

the master chess players made mistakes in recalling the structured chess configurations, 

they incorrectly placed the pieces in positions that were possible subsequent moves. Also 
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in team sports, it has been shown that players bias their recall more on the (anticipated) 

next likely state of the pattern than the final image of the pattern actually seen (e.g., 

Didierjean & Marmeche, 2005; Gorman et al., 2011, 2012). This suggests that pattern 

recall serves an anticipatory function; the ability to recall the positions of players in 

team sports assists players in predicting the next likely situation and thereby helps to 

decide upon the best response (Farrow et al., 2010; Gorman et al., 2012, 2013b; Williams 

& Davids, 1995). 

Decision making
Decision-making is the ability to select the best possible option from a variety of 

alternatives (e.g., Helsen & Pauwels, 1993; Vaeyens, Lenoir, Williams, Mazyn, & 

Philippaerts, 2007), and has been suggested to be the most successful method of 

evaluating expert performance (De Groot, 1965). This ability has typically been assessed 

using video-based tests. Participants watch video-clips of game situations that are 

occluded at a decisive moment in the game. The participants are then required to indicate 

the best option for the player in possession of the ball (e.g., pass, shoot or dribble). The 

correct response for each game situation had previously been determined by a panel of 

expert coaches.

 Using this design, experienced players were found to make faster and more accurate 

decisions than less-experienced players in, among others, basketball (Bard & Fleury, 

1981; Gorman, Abernethy, & Farrow, 2015; Ryu, Abernethy, Mann, & Poolton, 2015), field 

hockey (Starkes & Deakin, 1984), and soccer (Helsen & Pauwels, 1993; Vaeyens, Lenoir, 

Williams, & Philippaerts, 2007). For example, Vaeyens, Lenoir, Williams, and Philippaerts 

(2007) studied decision-making skills of soccer players varying in experience and skill 

level. The participants were presented with video clips of offensive game situations. As 

soon as a previously indicated player received the ball, the video footage was occluded 

and the participants were required to indicate what the player with the ball should do: 

dribble, pass or shoot at goal. Results showed that the high-skilled players reacted faster 

and more accurate than the less-skilled players. 

 Although decision making is an important component of expert performance, it would 

be incorrect to assume that all experts are good decision makers. It is typical of team sports 

that weaknesses on certain components of performance (e.g., decision making) may be 

compensated by strengths on others (e.g., speed and agility; Williams & Ericsson, 2005; 

Williams & Reilly, 2000). Instead of the customarily used expert-novice paradigm, a more 

worthwhile comparison, therefore, would be to examine whether within a group of elite 

athletes the ones who are successful in making tactical decisions can be discriminated 

from those who are less successful in such situations (Williams & Ericsson, 2005; Williams 

& Ward, 2007). An important question to answer is how successful decisions are made? 

Knowledge of the underlying processes and mechanisms can facilitate our understanding 
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of expert tactical decision making. One possible way to gain insight into this is through 

the examination of gaze behaviour (Williams & Ericsson, 2005).

Gaze behaviour
In team sports, players need vision to obtain information from the ball, the goal, and 

the positions of teammates and opponents. This does not mean that other sources of 

sensory information are not being used, but visual information is the source upon which 

we rely most (Williams, Davids, & Williams, 1999). To pick up visual information, light 

enters the eye through the pupil and arrives at the retina. The retina converts light into 

energy that results into neural activation. Small and rapid eye movements are needed 

to shift informative areas of the display from the periphery of the visual retina, where 

resolution is poor, to the fovea. The fovea takes up around 2 degrees of the central area 

of the retina and it receives the clearest and sharpest image (Williams et al., 1999). To 

view moving objects, one therefore must continually adjust the positioning of the fovea 

by moving the eyes and or the head. A fixation occurs when gaze is held on a location 

within 3° of visual angle for 100 ms or longer (Vickers, 2007). The 100 ms is the minimum 

amount of time needed to recognize or become aware of the stimuli. Pursuit tracking 

occurs when a moving object is being followed, such as a ball or a person. Gaze is then 

stabilized on the moving object and the 100 ms threshold is also used. As sport is very 

dynamic, fixations and pursuit tracking are often taken together. The duration of the 

fixation/pursuit tracking has been assumed to indicate the relative importance of that 

area to the observer (Williams et al., 1999). To quickly scan from one location to another, 

for example from a defender to a teammate, saccadic eye movements are used. A 

saccade is a rapid eye movement from one fixated or tracked location to another, during 

which visual information cannot be picked up. Theoretically, because of the suppression 

of information during saccadic eye movements, a visual search strategy with fewer 

but longer fixations/tracking and consequently fewer saccades is assumed to be more 

effective (Williams et al., 1994; Williams et al., 1999). 

 Registration of visual search strategies (or gaze behaviour) can be achieved using eye 

tracking technology. Most popular eye tracking devices in sports are corneal-reflection 

systems, which record the participant’s eye movements on video using cameras mounted 

in glasses, as shown in Figure 1.2. The corneal-reflection method comprises that the 

reflection of a beam of light on the cornea and the centre of the pupil are determined by 

the system. The position of the corneal-reflection remains constant relative to the glasses, 

while the centre of the pupil moves whenever the eyes moves. The system determines 

the point of gaze by measuring the differences between the corneal reflection and the 

centre of the pupil. A marker highlighting the point of gaze is superimposed on the video 

images of the scene camera, which is also mounted on the glasses. In this way a video is 

provided of what the participant is looking at (see Figure 1.3).
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There are, however, some substantial limitations of using eye registration techniques to 

gain insight into visual perception (Mann, Farrow, Shuttleworth, & Hopwood, 2009; Ryu, 

Abernethy, Mann, Poolton, & Gorman, 2013; Williams & Davids, 1998; Williams, Janelle, 

& Davids, 2004). Visual fixations are not directly related to information extraction; it 

is possible to fixate a location without picking up information (Williams et al., 2004), 

the difference between ‘looking’ and ‘seeing’. It is also possible to look at one point 

but pick up information from the periphery. For example a team sports player may 

fixate on a defender, but may be picking up information from the periphery regarding 

the movements of a teammate to perform a ‘no-look’ pass. Such strategies are often 

encouraged by coaches as deception strategies; it makes it difficult for an opponent to 

anticipate the destination of a pass. Recent studies have shown that peripheral vision is 

of eminent importance for decision making in complex and dynamic situations (Ryu et 

al., 2015; Ryu et al., 2013).

 The way athletes pick up visual information has generated significant interest in 

recent years. Early research on vision in sports focused on differences in visual ‘hardware’ 

between skilled and less-skilled performers (Williams, 2000). Various physical and 

optometric properties of the visual system were measured, such as static and dynamic 

acuity, depth perception, colour vision, and peripheral visual range. The current consensus 

is that compared to less-skilled athletes, skilled athletes do not have enhanced visual 

hardware‘ (Helsen & Starkes, 1999; Ward & Williams, 2003; Williams, 2000; Williams et 

al., 1999), but rather enhanced visual ‘software’. For effective performance in sports, it 

is essential that players focus their attention at the most relevant sources of information 

at the appropriate time; knowing ‘where’ and ‘when’ to look is important. One of the 

earliest studies examining visual search behaviour in soccer was undertaken by Helsen 

and Pauwels (1993). They examined the visual search strategies of expert and novice 

players when presented with video clips of real game situations that stopped at a specific 

moment in the development of the play. The participants had to respond to the situation 

by shooting at the goal, dribbling around an opponent, or passing to a teammate, while 

wearing an eye tracking device. The number of fixations per second, fixation duration, 

and fixation location were identified, which are traditionally used dependent variables 

in determining visual search strategies. The experts showed faster and more accurate 

decision making compared to the novices, but also scanned the information with fewer 

fixations of longer duration and looked more to the teammates and free space while the 

novices looked more to the attackers, the goal, and the ball. The more efficient visual 

search strategy of experts, involving fewer fixations of longer duration, compared to 

novices has often been reported (see Mann, Williams, Ward, & Janelle, 2007 for a meta-

analysis), but appears to be very context specific (Gorman et al., 2015; North, Williams, 

Hodges, Ward, & Ericsson, 2009; Roca, Ford, McRobert, & Williams, 2013; Vaeyens, 

Lenoir, Williams, Mazyn, et al., 2007; Williams & Davids, 1998).
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Figure 1.2. Basketball player wearing an eye 
tracking device (Photo: Mark Sassen).

Figure 1.3. Snapshot of video image of eye tracking device.
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Measuring performance
Up to now in most sport clubs, players are selected on the subjective recommendation of 

talent scouts. Although some scouts have proven to have an eye for talent identification, 

scouts have only limited time to watch every potential talented player and the judgement 

is often based on intuition and subjective criteria. To complement the judgements of 

scouts, there is a clear need for clubs to develop more effective and objective procedures 

for talent identification (Reilly et al., 2000; Williams, 2000). In science, tactical skills of 

players have typically been measured using video-based tests of perceptual-cognitive 

skill. In these tests participants are presented with video clips of specific sport situations 

and are required to indicate their preferred action or response either verbally or by 

way of a button press (Abernethy & Russell, 1987b; Gorman et al., 2012; Savelsbergh 

et al., 2002). An important advantage of video is that it allows sport situations to be 

reproduced in a consistent manner from trial to trial, providing an objective method of 

evaluating performance (Williams & Ericsson, 2005). A disadvantage, however, is that 

the two-dimensional presentation provides less information than available in the natural 

performance setting and thus may not adequately maintain the dynamic nature of 

the situation (Mann et al., 2007; Williams & Ericsson, 2005). Furthermore, participants 

are often required to respond verbally or by way of a button press, implying that they 

are required to make a perceptual judgement (generally considered to be perceptual 

responses) instead of an actual movement (an action response); thus perception and 

action are decoupled by excluding action from the participant response. 

 According to the two-visual system model of Milner and Goodale (1995, 2008) 

perception and action rely on two neuro-anatomically separate visual pathways 

within the brain: the ventral ‘vision-for-perception’ stream is proposed to be used for 

perceiving what action a situation affords, whereas the dorsal ‘vision-for-action’ stream 

is responsible for the visual control of that action. Laboratory study designs in which 

perception and action are decoupled may have failed to combine the complementary 

functions of the two cortical pathways, overemphasizing the role of the ventral stream 

and underrating the contribution of the dorsal stream that is most likely to be relied upon 

during action performance (Van der Kamp, Rivas, Van Doorn, & Savelsbergh, 2008). This 

distinction provides reason to believe that video-based tests of perceptual-cognitive skill 

are likely to result in the pick-up of different sources of visual information and the under-

representation of the true ability of skilled performers, when compared to performing 

in an actual performance setting. This has been supported by several empirical studies 

(e.g., Dicks, Button, & Davids, 2010; Mann, Abernethy, & Farrow, 2010) and meta-

analyses showing differences in both movement and visual behaviour when comparing 

laboratory studies and natural experimental settings (Mann et al., 2007; Travassos et 

al., 2013). For example, Dicks et al. (2010) examined gaze and movement behaviour of 

soccer goalkeepers during the penalty kick under two video-simulation (i.e., verbal and 
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joystick movement responses) and three in-situ conditions (i.e., verbal, simplified body 

movement, and interceptive responses). They found that goalkeepers made more saves 

and fixated earlier on the ball and for longer periods of time in the in-situ condition where 

actual interception was required compared to the other conditions.

 In summary, appropriate sampling of environmental conditions in experimental 

designs is a pressing issue in the perceptual expertise literature (Dicks et al., 2010). 

Although the traditional video-based perceptual-cognitive skill tests offer a significant 

advantage in terms of their methodological rigour and control, there has been increasing 

criticism on how well these tests accurately represent the on-field performance they 

are designed to sample (Mann & Savelsbergh, 2015; Pinder, Headrick, & Oudejans, 

2015; Williams & Ericsson, 2005). Research on perceptual-motor behaviours needs 

to thoroughly consider the representativeness of the performance environment, the 

requisite responses of participants, and the variables used to measure performance 

(Travassos et al., 2013). Subsequent to the first two stages of the expert performance 

approach (Ericsson & Smith, 1991), in which the aim was to capture expert performance 

reliably and objectively and to identify underlying mechanisms, in the last stage the aim 

is to examine how expertise can be developed.

Improving performance using feedback
There is no question that practice is needed to improve performance in team sports. An 

interesting question, however, is how the enhancement of performance can be facilitated 

through appropriate training interventions, and more specifically how augmented 

feedback should be used as it is one of the most important variables for motor learning 

(e.g., Magill, 2004; Schmidt & Lee, 2005). Augmented feedback refers to information that 

is not inherent to the task, it comes from the coach, teacher, trainer or training device 

(Magill & Anderson, 2012). Insight into augmented feedback is beneficial for both sport 

scientist and practitioners. For the sport scientist, it provides insight into the learning 

process of skill acquisition, whereas for the practitioner it can help developing instruction 

and practice strategies that will facilitate the learning of skills (Magill & Anderson, 2012).

 When augmented feedback is given to an athlete it can function in at least three ways. 

Augmented feedback (i) provides information that allows an athlete to determine what 

he or she should continue to do and what not when learning a new skill, (ii) provides 

information that allows an athlete to determine how to improve performance in specific 

contexts and situations when improving performance of well-learned skills, and (iii) can 

function as motivation to continue to practice a skill (Magill & Anderson, 2012). 

 An important issue regarding augmented feedback is how often and when feedback 

should be given. When feedback is scheduled too frequently the learner can become 

dependent on augmented feedback, as it may prevent the learner from processing 

intrinsic feedback that is relied on when augmented feedback is withdrawn (Chiviacowsky 
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& Wulf, 2007). According to the ‘guidance hypothesis’ feedback is particularly important 

after poor attempts as it guides the learner to the correct performance (Salmoni, Schmidt, 

& Walter, 1984), whereas Chiviacowsky and Wulf (2007) have shown that feedback after 

good rather than poor trials facilitates learning. When allowing learners to control their 

own feedback schedule, insight could be gained into their feedback preferences. Several 

empirical studies have shown that self-controlled feedback is beneficial for learning a 

variety of tasks, including aiming tasks (Chiviacowsky, Wulf, de Medeiros, Kaefer, & Tani, 

2008; Janelle, Barba, Frehlich, Tennant, & Cauraugh, 1997), sequential timing tasks (Chen, 

Hendrick, & Lidor, 2002; Chiviacowsky & Wulf, 2002), trampoline jumping (Ste-Marie, 

Vertes, Law, & Rymal, 2013), and the basketball set shot (Aiken, Fairbrother, & Post, 

2012). The studies involving a simple motor task (i.e., sequential timing task or beanbag 

tossing task) revealed a preference of self-controlled learner for feedback after good 

trials (Chiviacowsky & Wulf, 2002; Chiviacowsky et al., 2008; Chiviacowsky, Wulf, Wally, 

& Borges, 2009; Patterson & Carter, 2010), whereas in studies using more complex motor 

tasks (e.g., basketball set shot, juggling) this preference was not found (Aiken et al., 2012; 

Laughlin et al., 2015). Up to now, all studies conducted on self-controlled feedback have 

used individual tasks. It has yet to be determined what the feedback preferences are and 

whether self-controlled feedback is also beneficial for learning when examining complex 

skills that involve multiple persons, such as tactical skills in team sports.

Study aims and outline
The overall aim of this thesis is to determine how to measure tactical skills in team 

sports reliably and objectively, in order to gain more insight into tactical skills and how to 

improve tactical skills in team sports.

 Chapter 2 describes a study in which pattern recall skills of soccer players were 

examined using two new methods of analysis. Since we hypothesized that the positions of 

players relative to each other may be more important for pattern recall accuracy than the 

exact positions of the separate players, and that the 2D perspective of the video images 

of the actual 3D situations may have caused a perspective bias, we introduced two new 

methods to analyse pattern recall accuracy. Instead of measuring absolute positions of 

separate players expressed as pixel coordinates, we measured geometric pattern features 

in terms of angles between players, and pattern recall accuracy converted into real-world 

coordinates. With these new analysis methods, we investigated the differences in pattern 

recall performance within a group of talented female soccer players and we explored the 

role of gaze behaviour in recalling patterns of play.

 In Chapter 3 an objective and detailed notational analysis system was developed to 

assess player performance both on and off the ball in small-sided soccer games. The 

notation system was tested on female soccer players from the national talent program 

and validity and reliability were determined. Subsequently, the notation system was used 
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in Chapter 4 to assess the in situ performance of skilled soccer players and to relate it to 

their performance on separate video-based tests of anticipation, decision making, and 

pattern recall in order to examine how well these tests accurately represent the on-field 

performance they are designed to sample. In this study, we also sought to determine the 

degree to which the three tests of perceptual-cognitive skill were related by exploring 

the correlations between the tests and the similarity of the gaze of participants when 

performing those tasks. 

 Chapter 5 describes one of the first studies examining decision-making skills and 

gaze behaviour in situ, with the aim to directly relate gaze behaviour to decision-making 

performance. Skilled basketball players participated in actual play situations on the 

court, while concurrently wearing a mobile eye tracking device. We compared the trials 

in which the players did and did not wear the eye tracking device to determine whether 

wearing it influenced the decision making or performance of the players. We examined 

where players looked during the dynamic development of each play to gain insight into 

the visual information that the players used to make their decisions and control their 

actions.

 After these studies focusing on how to measure tactical skills in team sport, the 

final experimental chapter concerns the improvement of tactical skills. More particular, 

Chapter 6 describes a study in which the aim was to examine the effects of self-

controlled video feedback on tactical skills in small-sided soccer games. Highly talented 

youth soccer players were assigned to a self-control or yoked group and received video 

feedback on their offensive performance in 3 vs. 2 small-sided games. The conversations 

between the players and coach while watching the video feedback were transcribed and 

analysed. We examined the preferences of the players for how often and when to receive 

video feedback, whether the video feedback was used to correct errors or to confirm 

correct performance elements, and whether self-controlled video feedback stimulates 

the learners’ involvement in their own learning process. 

 Finally, Chapter 7 (Epilogue) summarizes and highlights the main findings of this 

thesis. Directions for future research are identified and practical implications are given 

for coaches and athletes on how to improve tactical skills in team sports.
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Abstract

In this study we analyzed the pattern recall skills of talented soccer players by means of 

two innovative methods of analysis and gaze behavior data. Twenty-two young female 

soccer players watched video clips of 3 vs. 3 small-sided games and, after occlusion, 

had to reproduce the positions of the players. Recall performance was measured by 

calculating the spatial error of the recalled player positions at the moment of occlusion 

and at consecutive 33 ms increments. We analyzed player positions relative to each 

other, by assessing geometric pattern features in terms of angles between players, and 

we transformed the data into real-world coordinates to exclude the effects of the 2D 

perspective in the video clips. The results showed that the participants anticipated the 

movements of the patterns. In real-world coordinates, the more experienced players 

anticipated the pattern further in advance than the less experienced players and 

demonstrated a higher search rate, a shorter fixation duration and a higher fixation 

order. The differences in recall accuracy between the defensive and offensive elements 

were not consistent across the methods of analysis and, therefore, we propose that 

perspective effects of the video clip should be taken into account in further research.

Key words
Pattern recall

Anticipation

Expertise

Gaze behaviour

Methods of analysis
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Introduction

It has been well established that skilled athletes possess better perceptual-cognitive skills 

than their less skilled counterparts (Helsen & Starkes, 1999; Vaeyens, Lenoir, Williams, 

Mazyn, & Philippaerts, 2007; Vaeyens, Lenoir, Williams, & Philippaerts, 2007; Williams & 

Grant, 1999; Williams, Ward, Knowles, & Smeeton, 2002). Those skills include the ability to 

pick up advance information from an opponent’s postural orientation prior to a key event 

such as racquet-ball or foot-ball contact (Savelsbergh, Van der Kamp, Williams, & Ward, 

2005; Ward, Williams, & Bennett, 2002; Williams & Burwitz, 1993), enhanced knowledge 

of situational probabilities (Ward & Williams, 2003; Williams, 2000), more effective and 

efficient visual search strategies (Helsen & Starkes, 1999; Savelsbergh, Haans, Kooijman, 

& van Kampen, 2010; Williams & Davids, 1998) and better abilities to recognize or recall 

patterns of play (Gorman, Abernethy, & Farrow, 2011, 2012; Williams, Hodges, North, & 

Barton, 2006). The current study focused on recalling patterns of play. De Groot (1965) and 

Chase and Simon (1973) conducted the first studies in this area. They showed that expert 

chess players were better able to recall the positions of chess pieces than less skilled players 

after briefly viewing a typical chess game configuration. After these initial studies, the 

pattern recall paradigm was used in numerous other studies of which many involved 

team sports (Allard, Graham, & Paarsalu, 1980; Borgeaud & Abernethy, 1987; Gorman 

et al., 2011, 2012; Gorman, Abernethy, & Farrow, 2013a, 2013b; Williams, Davids,  

Burwitz, & Williams, 1993). For example, in the study of Williams et al. (1993) experienced 

and inexperienced soccer players had to recall the positions of the players after  

viewing video clips of structured and unstructured soccer game situations by  

pressing the mouse key on the correct locations in a computer-generated image of a 

soccer field. The findings showed that the experienced soccer players recalled the 

positions of the players more accurately than the novices, but only for the structured 

trials.

 A question that is often raised is what the purpose is of recalling patterns after 

watching video footage, since this task is rarely directly required in the sport domain 

(Williams & Ericsson, 2005). One answer is that the ability to recall the locations of 

teammates and opponents in ball games assists players to predict the next likely 

situation and thereby helps to decide upon the best response. For example, the player 

in possession of the ball uses the information about the positions of the other players 

to predict the movements of these players and to decide whether to dribble, pass or 

shoot (Gorman et al., 2013b). Thus, pattern recall may serve an anticipatory function, it 

allows expert players to predict future situations based on the current configuration of 

players. Accordingly, De Groot (1965) reported that when expert chess players viewed 

structured chess board configurations and made mistakes in recalling the positions 

of the chess pieces, they incorrectly placed the pieces in positions that were possible 
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subsequent moves. Therefore, De Groot (1965) concluded that pattern perception may 

involve the encoding of the spatial and functional relationships between the elements.

 Direct evidence for the anticipatory function of pattern recall has been found by 

Gorman et al. (2012; 2013b; see also Didierjean & Marmèche, 2005; Gorman et al., 

2011). In their studies, expert and novice basketball players watched static images and 

moving video clips of structured basketball game situations. Directly afterwards, the 

video clips were occluded and replaced with an image of a blank basketball court. The 

participants had to reproduce the last seen positions of the players by dragging Xs and 

Os (representing defenders and attackers, respectively) onto the image of the court. 

Gorman et al. (2012, 2013b) compared the pixel coordinates (in percentage of screen 

size) of the response patterns entered by the participants with the coordinates of the 

actual player locations both at the final frame presented (i.e., traditional recall score) and 

at 50 successive 40 ms increments thereafter. The closest match between the entered 

and actual patterns was identified for each participant and indicated the anticipatory 

recall score. The moment at which the closest match occurred was named ‘‘advance’’ and 

measured in ms. The findings revealed that experts were more accurate than novices, but 

more interesting was that the response patterns of the participants had closer matches 

with the actual patterns in successive frames of the final frame than with the final frame 

itself, that is, the anticipatory recall scores were better than the traditional recall scores. 

The average advance score of expert basketball players on dynamic video clips was 185 

ms and was higher than that of the novices. Gorman et al. (2012) concluded that experts 

use an anticipatory encoding process and therefore suggested that many previous studies 

may have underestimated the pattern recall accuracy of experts and that anticipatory 

encoding is likely to play an important functional role in decision making in the complex 

and time-stressed environment of team ball sports.

 An important issue in the studies on pattern recall skills in sports lies in how the pattern 

recall accuracy was calculated. In previous literature, pixel coordinates of the 2D video 

image were used (Gorman et al., 2011, 2012, 2013a, 2013b; Williams et al., 1993), but the 

2D perspective of the video images of the actual 3D situations may have affected the 

results. When analyzing in pixel coordinates, spatial errors close to the camera (i.e., low 

in the image) yield similar inaccuracies as spatial errors further away from the camera 

(i.e., high in the image), while in the real-world the actual error further away from the 

camera is much larger (see Figure 2.1). In other words, a one pixel error in the near field 

may reflect an actual spatial error of 5 cm, while a one pixel error far away in the field may 

actually reflect a spatial error of 50 cm (numbers are just examples). In their study on recall 

performances of soccer players, Williams et al. (1993) found that both experienced and 

inexperienced soccer players made smaller vertical errors than horizontal errors. They 

argued that this was due to the fact that the 2D film display compressed the playing area 

in the vertical field and thus minimized the possibilities of recall errors. In this study we 
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wanted to correct for this perspective bias and therefore introduced two new methods of 

analysis.

 The aims of the current study were to replicate the findings of Gorman et al. (2012) 

with soccer players by using both the traditional and anticipatory method of analyzing 

pattern recall accuracy, to apply our new methods of analysis, and to examine whether 

differences among a group of talented soccer players could be determined. We wanted 

to extend the research by also including gaze behaviour measurements to examine 

differences in visual search strategies.

 One method we introduced to analyze pattern recall accuracy is to analyze player 

positions relative to each other instead of in absolute positions of the separate players, 

because these relations among players may be more important for pattern recall 

skills than the exact positions of the individual elements. If, for example, a participant 

reproduced the positions of all players 5 cm to the left, the former ways to analyze 

pattern recall accuracy (as used by Gorman et al., 2012) would result in an inaccuracy 

score, however, the pattern of the players was actually correct. In our new innovative 

method, we calculated the angles between the attackers and defenders separately and 

the angle between the attacking pattern and the defensive pattern, and in this way 

the accuracy of the geometric features of the patterns are assessed and the effects of 

translation, rotation and scaling were ignored.

 The second new method concerned computing real-world coordinates instead of 

pixel coordinates in percentage of screen size (as done by Gorman et al., 2012), since 

we hypothesized that the 2D perspective of the video images of the actual 3D situations 

may have affected the results. We wanted to correct for this perspective bias and 

therefore, transformed the data into real-world coordinates in the current study, using a 

Direct Linear Transformation (Abdel-Aziz & Karara, 1971) and used these new real-world 

coordinates to examine pattern recall accuracy.

 Using the old and new methods of analysis, we compared the first years of the talent 

program with the players who participated longer in the talent program (i.e., second 

and third years). Their difference in experience was one or two years, and is very small 

compared to the mostly used expert-novice paradigm (Williams et al., 2002). Gorman et 

al. (2011, 2012, 2013b) compared the pattern recall skills of experts and novices and found 

that expert basketball players were more accurate in recalling the patterns of play and 

encoded the patterns further in advance of their actual finishing point than did novices. In 

the current study no large differences were expected between the two experience groups, 

because all players are part of a quite homogenous group of highly talented soccer players 

(otherwise they would not be selected for the talent program). However, the analyses 

we did in the current study may reveal more subtle differences that otherwise may have 

remained hidden in studies that relied only on expert vs. novice comparisons. 
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Finally, we examined gaze behavior during the pattern recall task. In contrast to 

anticipation and decision making tasks, in which clear differences in visual search 

strategies have been found between skilled and less-skilled athletes (e.g., Savelsbergh 

et al., 2010; Vaeyens, Lenoir, Williams, & Philippaerts, 2007; Williams, Davids, Burwitz, 

& Williams, 1994), in pattern recall tasks visual search strategies have hardly been 

analyzed. The only exception, to our knowledge, is the study of Gorman et al. (2013a) 

in which differences in attention on the attacking or defending pattern of play were 

examined on pattern recall performances. Gorman et al. (2013a) found no significant 

differences in fixation locations between experts and novices and suggested that the 

better recall performances of the experts were likely to be the result of better utilization 

of the visual information than differences in visual search strategies. In the current 

study, we compared the gaze behavior of the less and more experienced players of the 

talent program and in addition, we investigated whether the demonstrated visual search 

strategies differ between trials that resulted in good pattern recall scores and trials that 

resulted in bad pattern recall scores to ignore the within participant variations.

 In sum, we replicated the study of Gorman et al. (2012) on soccer players and expected 

to find a similar anticipatory effect on pattern recall in soccer players as Gorman et al. 

(2012) found for basketball players. We introduced two new methods of analysis and 

hypothesized that these new methods would give more realistic representations of the 

pattern recall skills of the participants than the former used method of analysis. With 

these new methods, we compared the more and less experienced players within a talent 

program and although all the players are part of the same talent program, we expected 

to find subtle differences between the two experience groups. We measured the gaze 

behaviour of the participants to examine the differences in visual search strategies 

between the more and less experienced players and between the good and bad trials. 

Based on the previous study of Gorman et al. (2013a), we hypothesized to find no 

significant differences between the more and less experienced players, but differences 

in visual search strategies between good and bad trials would be indicators of possible 

preconditions for pattern recall accuracy.
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Figure 2.1. Examples of (A) the final frame from a test clip and (B) the corresponding 

response pattern in which Xs indicate defenders (or goalkeeper), Os indicate attackers 

and the little star indicates the ball.

(A)

(B)
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Method

Participants
A total of twenty-two talented female soccer players participated in the experiment. All 

participated in the national soccer talent program in which players train about fifteen to 

twenty hours a week and play in a high level male competition for players under 14 years 

of age. Participants had a mean age of 16.4 years (SD = 1.14) and 9.8 years experience 

of playing in competition (SD = 2.27). The players who just entered the talent program 

(less experienced group) had a mean age of 15.6 years (SD = 1.19) and 8.4 years of soccer 

experience (SD = 1.95), whereas the players who participated in the talent program 

for the second (or more) year (more experienced group) had a mean age of 16.9 years  

(SD = 0.79) and 10.8 years of soccer experience (SD = 2.04). Independent t-tests revealed 

that the players of the more experienced group were significantly older and had more 

soccer experience than the players of the less experienced group, t(21) = 2.930, p < .05,  

r = .57 and t(21) = 2.525, p < .05, r = .51, respectively. The experiment was approved by the 

ethics committee of the local research institute and all participants gave their written 

informed consent prior to the experiment; parental consent was provided for players 

younger than 18 years.

Stimulus materials
The test footage was captured during three training sessions in which 3 vs. 3 small games 

were played (i.e., three attackers vs. two defenders and a goalkeeper); we chose to use 

small sided games since these are the basics of the soccer game according to the Dutch 

Royal Soccer Association (Dokter, 1993). The playing field measured 40 m in length and 

25 m width, the attackers wore red shirts and the defenders wore blue shirts. The six 

players were instructed to start at specific locations and to play according to the official 

soccer rules, including offside. The video images were recorded with a Go-Pro Hero 3 

camera (Black Edition, resolution 1920 x 1080, 30 Hz; Go-Pro, USA) that was fixed on a 

6.5 m high platform (Showtec LTB-200/6 Lifting Tower, The Netherlands) behind the goal 

of the attacking team. The elevated filming position was used to give a good overview 

of the situation and to help the participants in perceiving depth. The recordings were cut 

into video clips of five to ten seconds, and all ended at a decisive moment in the game 

(i.e., the onset of a shot, pass or dribble). The area outside the playing field was made 

black in order to mask irrelevant distracting features (e.g., other players who waited for 

their turn). The video editing was done with Adobe Premiere Elements 9. The level of 

structure of the pattern of players in all video clips was rated by two highly experienced 

soccer coaches on a 10-point Likert-type scale. To ensure that the video clips contained 

representative structured game play, only clips with scores 7 or higher were selected (cf. 

Gorman et al., 2012, 2013b; North & Williams, 2008; North, Williams, Hodges, Ward, & 
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Ericsson, 2009). Two clips were used as familiarization trials prior to the test and fourteen 

clips were selected as test stimuli; the test clips were displayed in random order across 

participants.

Procedure
The procedure that was applied to examine pattern recall accuracy was similar to that 

described by Gorman et al. (2012, 2013b). Participants did the test while seated in front 

of a large screen (i.e., the distance between the participant and the screen was about  

2.5 m). A projector (ASK Proxima C175, resolution 1024 x 768) projected the video clips on 

the screen so that the image subtended a viewing angle of approximately 23° horizontally 

and 18° vertically. 

 The participants were fitted with the SensoMotoric Instruments (SMI; Teltow, 

Germany) Eye Tracking Glasses, a binocular eye tracking device that recorded eye 

movements at 24 Hz. A one-point calibration on a little cross in the center of the screen 

was performed before starting the experiment.

 After instruction and the two familiarization trials, each test clip was displayed and 

immediately afterwards replaced with an image of a blank playing field. This image 

contained the exact same features as the test clip, only the players were erased from 

view and at the bottom of the screen three Xs, three Os and a little star were lined up, 

representing defenders, attackers and the ball, respectively. The task of the participant 

was to recall the last seen positions of the players by dragging the Xs and Os to the correct 

locations on the projected field. The participants were instructed to place the bottom of 

the symbols at the position of the feet of the players. The participants were free to adjust 

the locations of the symbols as many times as needed to reproduce the positions of the 

players. In addition, the position of the ball was reproduced by dragging the little star to 

the correct position. An example of a correctly reproduced playing pattern can be seen 

in Figure 2.1B. To avoid a possible speed-accuracy trade off, no instructions were given 

about the speed of response and consequently, no analysis was done on the speed of 

response.

Data analysis
Performance on pattern recall test was determined in a traditional and anticipatory way 

with a similar method as described by Gorman et al. (2012, 2013b). The dependent variable 

was response accuracy and measured in pixel coordinates, expressed as percentage of 

screen size. The responses of the participants were registered with E-prime 2.0.

Traditional recall accuracy
To assess the traditional recall accuracy score, the answers of the participants 

were compared to the correct values as indicated by an answer template. The pixel 
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coordinates of the symbols as positioned by the participants and in the answer templates 

were calculated relative to the screen size and subsequently the distance between the 

participants’ symbols and the matching symbols in the answer templates were calculated 

with the formula: √ (�1 - �2)2 + (y1 - y2)2, where �1 and y1 were the coordinates of the symbols 

as positioned by the participant and �2 and y2 were the coordinates of the symbols in the 

answer template. The average distance of the three attacking symbols provided the recall 

accuracy score for the attacking pattern, the average distance of the three defending 

symbols provided the recall accuracy score for the defending pattern. The overall recall 

accuracy score was calculated as the average of the attacking and defending pattern. 

The lower the recall accuracy score, the better the participant recalled the positions of 

the players; a recall accuracy score of zero indicated a perfect match with the answer 

template. Trials in which the participant forgot to reproduce the position of one of the 

players were excluded from analysis (i.e., 2% of the trials).

Anticipatory recall accuracy
To examine whether and to which extent the participants anticipated the movement 

of the players, the anticipatory recall accuracy was calculated. Answer templates were 

created of the positions of the players in 60 subsequent frames after the final frame 

displayed (i.e., 33 ms increments), that is, two seconds following the occlusion point 

in the video clip. For each trial, the answers of the participants were compared to all 

answer templates to indicate the smallest recall score. These scores were then averaged 

to determine the anticipatory recall accuracy, the corresponding time index was called 

‘advance time’ and measured in ms, similar to Gorman et al. (2012, 2013b).

Accuracy of pattern features
In addition to using the position coordinates of the separate players to calculate pattern 

recall scores, the features of the patterns were analyzed to examine whether the 

participants were able to recall the characteristics of the patterns. Therefore, the three 

angles between the three attackers (i.e., a1, a2 and a3 in Figure 2.2) and the three angles 

between the three defenders (i.e., d1, d2 and d3 in Figure 2.2) were calculated for the 

answer templates and the participants’ responses. The average difference in angles (i.e., 

between the participant’s response and the answer template) of the attacking elements 

resulted in an attacking pattern feature score and the average difference in angles of the 

defending elements resulted in a defending pattern feature score. The angle between 

the line through the two defenders (i.e., not the goalkeeper) and the line through the 

two most outside attackers (i.e., a-d in Figure 2.2), was calculated as a measure of 

how the defending elements and attacking elements were positioned relative to each 

other. The difference in the angle of the participant’s response and the answer template 

provided the attack–defense pattern feature score. The attacking pattern feature score, 
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the defending pattern feature score and the attack–defense pattern feature score were 

calculated at the moment of video occlusion and for the 60 subsequent frames to assess 

‘traditional’ and ‘anticipatory’ scores. In addition, the advance time was calculated to 

examine to what extent the participants anticipated the pattern features.

Recall accuracy in real-world coordinates
In the above mentioned methods, the coordinates of the positions of the players as 

indicated by the participants and in the answer templates were calculated as percentage 

of screen size on the basis of pixel coordinates. To use a more correct perspective we 

converted these raw pixel coordinates into real-world coordinates using Direct Linear 

Transformation (DLT method; Abdel-Aziz & Karara, 1971) that was performed with 

WINanalyze (Mikromak, Berlin, Germany). Afterwards, a calibration check was done 

which resulted in an average deviation of the actual positions of the calibration points of 

0.20 m (SD = 0.21 m) on a field of 40 x 25 m. The real-world coordinates were then used 

to re-calculate the traditional and anticipatory recall accuracy scores.

Gaze behavior
Due to malfunctioning of the eye-tracker (e.g., calibration problems), gaze behavior of 

only 13 participants (i.e., 7 of the less experienced group and 6 of the more experienced 

group) was available for analysis, varying from three trials up to the maximum of 14 trials 

per participant, eight participants had nine or more trials. All available gaze behavior data 

(of 119 trials in total) was analyzed frameby- frame for the duration of the video clips. A 

fixation was defined as gaze maintained on any area of the video display for a period 

equal to or in excess of 125 ms or three sequential frames (cf. Savelsbergh, Williams, Van 

der Kamp, & Ward, 2002; Vaeyens, Lenoir, Williams, Mazyn, et al., 2007; Vaeyens, Lenoir, 

Figure 2.2. Pattern features. Angle a1, a2 and a3 are the angles between the three attacking elements. 
Angle d1, d2 and d3 are the angles between the three defending elements. Angle a-d is the angle 
between the line through the two defenders (i.e., not the goal keeper) and the line through the two 
most outside attackers.
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Williams, & Philippaerts, 2007; Williams & Davids, 1998). Four dependent variables were 

assessed: search rate, fixation duration, fixation location and fixation order. Search 

rate is the number of fixations per second and was calculated for each trial by dividing 

the number of fixations by the length of the video clip. The mean fixation duration per 

trial was determined and the fixation location was calculated as the percentage of total 

viewing time spent on an area of interest. The ten areas of interest were: attacker in 

possession of the ball (AB), attacker without ball (A), defender (D), goal keeper (GK), 

ball (B), field/space (F), central spot in field/space (CF), attacker with ball closely marked 

by defender (AB/D), attacker without ball closely marked by defender (A/D) and other 

(O).1 The fixation order referred to the search strategy as used by the participants and 

was calculated as the number of times per second that participants alternated their 

gaze between the player in possession of the ball, some other area in the video clip, and 

back to the player in possession of the ball (cf. Williams & Davids, 1998; Williams et al., 

1994). A randomly selected 10% of the trials were analyzed for a second time to assess 

intra-rater reliability; it was found that κ = 0.93. A second experimenter independently 

analyzed 10% of the trials (randomly selected) to determine inter-rater reliability, it was 

found that κ = 0.80; both indicate good to almost perfect agreements (Hallgren, 2012). 

Statistical analysis
For each method of analysis (i.e., former method of analysis, geometric pattern features 

and realworld coordinates) a mixed design ANOVA was done on the pattern recall scores, 

in which the between-subject factor was Experience Group (less experienced group vs. 

more experienced group) and the within-subject factors were Anticipation (Traditional 

vs. Anticipatory) and Element (Defense vs. Attack). Significant interaction effects were 

followed up by Bonferroni corrected pairwise comparisons. Only those results that were 

related to the hypotheses are reported in the results section.

 The advance times were analyzed for each method of analysis separately. To determine 

whether the advance times differed significantly from zero one-tailed t-tests were 

used. To examine the effects of element and experience group on the advance times, 

an Experience Group (less experienced group vs. more experienced group) x Element 

(Defense vs. Attack) ANOVA with repeated measures on the last factor was applied.

1 An attacker closely marked by a defender was registered if there were no pixels visible between the 
attacker and the defender. The central spot in field (CF) was indicated if the participant located gaze on 
the center of the field when no player was situated there. The location ball (B) also indicated ball flight.
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Next, the gaze behavior of the participants was analyzed. The differences in search rate, 

fixation duration and fixation order between the two experience groups were analyzed 

with multiple independent samples t-tests. To analyze the differences in fixation locations 

between the experience groups, a MANOVA was performed in which Experience Group 

was the fixed factor and the ten Fixation Locations the dependent variables. To examine 

the effects of different visual search strategies on pattern recall accuracy, the trials 

that resulted in pattern recall scores in the top half were compared with the trials that 

resulted in pattern recall scores in the bottom half. Independent samples t-tests were 

used to examine the differences between the good and bad trials for search rate, fixation 

duration and fixation order. A multivariate ANOVA, in which Trial (good vs. bad) was the 

fixed factor and the ten Fixation Locations the dependent variables, was used to analyze 

the fixation locations of the good and bad trials.

Results

Mean scores and SDs of the various recall accuracy scores are presented in Table 2.1.

Former method of analysis
A repeated measures ANOVA on the pattern recall scores with Experience Group as 

between-subjects factor and Anticipation and Element as within-subjects factors, 

revealed a significant main effect of Anticipation, F(1, 20) = 21.703, p < .001, ηp
2 = .520. 

The anticipatory recall scores were more accurate than the traditional recall scores, 

indicating that the participants unknowingly anticipated the movement of the patterns. 

A significant main effect of Element was found, F(1, 20) = 102.706, p < .001, ηp
2 = .837: 

the defending elements were better recalled than the attacking elements, so the 

defense seemed easier to recall than the offense. There was no significant main effect of 

Experience Group, F(1, 20) = .874, p = .361. However, the Experience Group x Anticipation 

x Element interaction was significant, F(1, 20) = 9.457, p < .05, ηp
2 = .321. Follow-up 

analyses showed that the anticipatory recall scores of the more experienced group were 

better than their traditional recall scores for both the defending (p < .05) and attacking 

(p < .001) elements. For the less experienced group there was no difference between 

the anticipatory or traditional recall scores. The defending elements were better recalled 

than the attacking elements by both groups and in both the traditional and anticipatory 

approach, all ps < .001.
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Table 2.1. Mean scores and SD of traditional recall accuracy, anticipatory recall accuracy, advance 
time, real-world recall scores and pattern feature scores.

Dependent variable Element Mean SD

Traditional recall (% screen size) Defence 3.12 0.58

Attack 4.68 0.62

Overall 3.90 0.48

Anticipatory recall (% screen size) Defence 3.07 0.61

Attack 4.52 0.58

Overall 3.83 0.48

Advance time (ms) Defence 130 182

Attack 228 228

Overall 167 182

Pattern feature traditional (deg) Attack 15.27 2.89

Defence 20.82 5.38

Attack-Defence 21.27 6.49

Overall 18.04 2.82

Pattern feature anticipatory (deg) Attack 15.01 3.00

Defence 19.68 5.47

Attack-Defence 17.18 4.58

Overall 17.80 2.88

Pattern feature advance time (ms) Attack 162 298

Defence 282 492

Attack-Defence 783 682

Overall 156 321

RW traditional recall (m) Defence 2.95 0.52

Attack 3.06 0.42

Overall 3.00 0.38

RW anticipatory recall (m) Defence 2.91 0.54

Attack 3.02 0.42

Overall 2.98 0.39

RW advance time (ms) Defence 100 161

Attack 94 148

Overall 74 150

Note. RW = Real-world coordinates.
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Advance time
The mean recall accuracy scores by advance time are displayed in Figure 2.3. The advance 

times (i.e., the moment in time after the moment of occlusion at which the smallest 

recall accuracy was found) were significantly different from zero (i.e., the moment of 

occlusion), overall t(21) = 4.302, p < .001, r = .68, attacking elements t(21) = 4.689, p < 

.001, r = .72, and defending elements t(21) = 3.364, p < .05, r = .59, meaning that the 

participants anticipated the movement of the players in the video clip. The Experience 

Group x Element ANOVA on the advance times showed a significant main effect of 

Element, F(1, 20) = 4.728, p < .05, ηp
2 = .191. The advance time of the attacking elements 

was higher than of the defending elements, indicating that the attacking elements were 

anticipated further in time than the defending elements. There was also a significant main 

effect of Experience Group, F(1, 20) = 5.082, p < .05, ηp
2 = .203, which was qualified by a 

significant Experience Group x Element interaction, F(1, 20) = 5.472, p < .05, ηp
2 = .215. 

The more experienced group showed higher advance times on the attacking elements 

than the less experienced group, p < .05, but on the defending elements the advance 

times of the more and less experienced groups did not differ.

Figure 2.3. Mean recall accuracy scores by advance time for attack and defence and for less and more 
experienced players. Arrows indicate the advance times of the anticipatory recall score.

Geometric pattern features
Results from the Experience Group x Anticipation x Element ANOVA on the geometric 

pattern features scores showed a significant main effect of Anticipation, F(1, 20) = 13.511, 

p < .05, ηp
2 = .403. The anticipatory recall scores were more accurate than the traditional 

recall scores. There was also a significant main effect of Element, F(1, 20) = 21.667, p < 
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.001, ηp
2 = .520, the attacking elements were better recalled than the defending elements. 

No significant main effect of Experience Group was found, F(1, 20) = .553, p = .466, but a 

significant Experience Group x Element interaction, F(1, 20) = 8.898, p < .05, ηp
2 = .308. 

The less experienced group recalled the attacking elements better than the defending 

elements, p < .001, while the more experienced group did not show a significant 

difference in the recall score of the attacking or defending elements. Furthermore, the 

less experienced group recalled the attacking elements better than the more experienced 

group, p < .05, and the more experienced group tended to recall the defending elements 

better than the less experienced group, p = .052. The Anticipation x Element interaction, 

F(1, 20) = 4.072, p = .057, Experience Group x Anticipation interaction, F(1, 20) = .258,  

p = .617, and the Experience Group x Anticipation x Element interaction, F(1, 20) = .738,  

p = .400, were not significant.

Advance time
The advance times were significantly different from zero, overall t(21) = 2.286, p < .05, 

r = .45, attack t(21) = 2.553, p < .05, r = .49, defense t(21) = 2.689, p < .05, r = .51, attack–

defense t(21) = 5.383, p < .001, r = .76, meaning that the participants anticipated the 

pattern features. The Experience Group x Element ANOVA on the advance times did not 

reveal any significant differences, indicating that there were no differences between 

participants from the less and more experienced groups or between the attacking and 

defending elements of the pattern of play.

Real-world coordinates
The Experience Group x Anticipation x Element ANOVA on the real-world pattern recall 

scores revealed only a significant main effect of Anticipation, F(1, 20) = 10.213, p < .05, 

ηp
2 = .338. The anticipatory recall scores were lower and thus better than the traditional 

recall scores, indicating that the participants anticipated the movements of the pattern 

of play. The main effects of Experience Group, F(1, 20) = .620, p = .440, Element, F(1, 20) 

= .827, p = .374, and the interaction effects were not significant (Anticipation x Element, 

F(1, 20) = .195, p = .664, Experience Group x Anticipation, F(1, 20) = 3.904, p = .062, 

Experience Group x Element, F(1, 20) = .006, p = .937, Experience Group x Anticipation x 

Element, F(1, 20) = 1.270, p = .273).

Advance time
The advance times were significantly different from zero, overall t(21) = 2.319, p < .05, 

r = .45, attacking elements t(21) = 2.974, p < .05, r = .54, and defending elements t(21) 

= 2.924, p < .05, r = .54, meaning that the participants anticipated the movement of 

the players in the video clip. The Experience Group x Element ANOVA on the advance 

times only showed a trend for Experience Group, F(1, 20) = 3.993, p = .059, ηp
2 = .166. The 
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more experienced group tended to show higher advance times (thus anticipating further 

ahead) than the less experienced group. The main effect of Element and the Experience 

Group x Element interaction effect were not significant, F(1, 20) = .089, p = .768 and F(1, 

20) = .089, p = .768, respectively.

Gaze behavior
On average, the participants used 1.6 fixations per second and fixations lasted 717.4 ms. 

Furthermore, participants switched gaze from the attacker in possession of the ball to 

another location and back to the attacker in possession of the ball (i.e., fixation order) 

for 0.13 times per second. The percentage of viewing time spent on the ten fixation 

locations is displayed in Figure 2.4. The locations most frequently viewed were attacker 

in possession of ball (AB), attacker without ball (A), defender (D), field/space (F) and 

central spot in the field (CF).

Experience groups
We compared the first years of the talent program with the second or more years of the 

talent program. Significant differences were found for mean fixation duration, t(11) = 

2.221, p < .05, r = .56 and fixation order, t(11) = -3.441, p < .05, r = .72, both large effects. A 

trend was found for search rate, t(11) = -2.035, p = .067, r = .52, a large effect. Participants 

of the more experienced group showed more fixations per second (i.e., higher search rate) 

of shorter duration and a higher fixation order (see Table 2.2). To analyze the differences 

between the groups regarding fixation locations a MANOVA was performed in which 

Group was the fixed factor and the ten fixation locations the dependent variables. A 

mild trend for Group was found, Wilk’s Λ = .018, F(2,10) = 10.615, p = .089, ηp
2 = .982. 

Post-hoc tests revealed that participants of the more experienced group spent more 

time watching attackers without ball possession (A; more experienced group M = 29.6%, 

less experienced group M = 20.6%) and spent less time fixating on a central spot in the 

field (CF; more experienced group M = 9.1%, less experienced group M = 23.9%) when 

compared to participants of the less experienced group, see Figure 2.5A.
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Figure 2.4. Mean percentage viewing time (± SD) per fixation location: attacker in possession of the 
ball (AB), attacker without ball (A), defender (D), goal keeper (GK), ball (B), field/space (F), central spot 
in field/space (CF), attacker without ball closely marked by defender (A/D), attacker with ball closely 
marked by defender (AB/D) and other (O).

Table 2.2. Means and SDs of search rate, fixation duration and fixation order for experience groups and 
trials resulting in good and bad pattern recall scores.

  Search rate (s-1) Fixation duration (ms) Fixation order (s-1)

    M SD M SD M SD

Experience

Less experienced group 1.4 0.35 813.1 218.2 0.07 0.05

More experienced group 1.7 0.33 605.7 168.5 0.19 0.10

Pattern recall score

Good trials 1.6 0.52 709.8 277.1 0.14 0.14

  Bad trials 1.5 0.46 731.8 352.1 0.11 0.15

Good vs. bad trials
To examine the role of visual search strategies in the pattern recall accuracy, the trials 

that resulted in high recall accuracy scores (good trials) were compared to the trials 

that resulted in low recall accuracy scores (bad trials),2 see Table 2.2 and Figure 2.5B. 

Independent samples t-tests yielded no significant difference between good and bad 

trials for search rate, fixation duration or fixation order, all ps > .05. A multivariate 

ANOVA, in which trial quality (good vs. bad) was the fixed factor and the ten fixation 

2 For the reported results, the selection of good and bad trials was based on traditional real-world pattern 
recall scores. However, selecting on anticipatory real-world scores or geometric pattern features scores 
yielded the same results.
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locations the dependent variables, yielded no significant effect, p > .05. Thus, the visual 

search strategy did not seem to influence the pattern recall accuracy.

Figure 2.5. Mean percentage viewing time (± SD) per fixation location by experience group (Figure A) 

and by trials that resulted in good or bad pattern recall scores (Figure B). 

(A)

(B)
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Discussion

The aim of the present study was to examine pattern recall skills of a group of talented 

soccer players. We used the same traditional and anticipatory methods to analyze pattern 

recall accuracy as Gorman et al. (2012) and introduced two new methods to calculate 

pattern recall accuracy. In addition to the separate player positions, we examined player 

positions relative to each other by assessing geometric pattern features in terms of 

angles between players, hereby filtering out effects of translation, rotation and scaling. 

Our second new method of analysis involved the transformation of the pixel coordinates 

into real-world coordinates, as we hypothesized that the 2D perspective of the video 

clips may have affected the results. Using the previously used traditional and anticipatory 

methods and our two new methods to analyze pattern recall accuracy, we investigated 

the differences in pattern recall performances within a group of talented female soccer 

players. Defensive elements and attacking elements of the pattern of play were analyzed 

separately. Furthermore, we measured gaze behavior of the participants to explore the 

role of gaze behavior in recalling patterns of play. 

 The results showed that irrespective of the method of analysis, the participants 

encoded the pattern significantly further in advance of the actual finishing point of the 

video clip, despite being instructed to recall the positions as last seen in the video clip. 

This is consistent with previous research using a recall methodology (Gorman et al., 2012, 

2013b) or recognition paradigm (Didierjean & Marmeche, 2005; Gorman et al., 2011) and 

indicate that expert team-sport players intuitively predict the next likely state of the 

pattern of play when watching a structured video clip from their domain of expertise.

 The results also showed that, when using the former traditional and anticipatory 

approaches (i.e., in pixel coordinates), the defenders were better recalled than the 

attackers. Similar results were found by Allard et al. (1980), Gorman et al. (2013b, for 

novices). However, the current study showed that when analyzing the pattern recall 

accuracy in geometric pattern features, the first years of the talent program (i.e., less 

experienced group) recalled the attacking players better than the defensive players while 

the more experienced players recalled the attacking and defensive players to the same 

degree. Moreover, after transformation into real-world coordinates, no differences were 

found between the recall accuracy of the offensive and defensive elements for both groups. 

So, it seems that the 2D perspective in the video clips did have an effect on the results. 

In pixel coordinates, the magnitude of the spatial errors does not depend on the position 

in the screen or on the pitch. However, this is incorrect because a spatial error far away 

from the camera corresponds to a much larger error in real-world coordinates than a spatial 

error close to the camera. In most cases, the defenders were further away from the camera 

(i.e., closer to their own goal, which was at the opposite side of the field) than the attackers. 

Consequently, a similar error for the attackers and defenders in pixel coordinates would 



43

Pattern recall skills of talented soccer players

result in larger errors for the defenders than for the attackers in real-world coordinates. 

When analysing geometric pattern features only angles between players are measured and 

in this way the 2D perspective of the video clips does not distort the results. Also, after 

transformation into real-world coordinates, the effect of the 2D perspective in the video 

clips has been ruled out, as we found in the current study. Therefore, in future research, the 

perspective in the video clips should be taken into account.

 Besides introducing two new methods of analysis for pattern recall accuracy, we 

examined the differences in pattern recall performance among the players of the talent 

program. In most of the studies the expert–novice paradigm has been used to examine 

the important characteristics that differentiate the skilled from the less-skilled players 

(Williams et al., 2002). However, in the current study we examined the differences within 

a group of talented soccer players. The findings indicated that the more experienced 

players recalled the defending pattern features better than the less experienced players, 

who recalled the attacking pattern features better. No differences were found in recall 

accuracy between the two groups in real-world coordinates or in pixel coordinates. 

Furthermore, the less experienced players recalled the attacking elements better than 

the defending element, while the more experienced players did not show a difference 

in recall accuracy between the attacking and defending elements. It might be that the 

less experienced players focused more on the attacking elements, whereas the more 

experienced players distributed their attention more equally over the different elements 

of the pattern of play. However, the analyses in real-world coordinates did not reveal 

any differences in recall accuracy between the attacking and defending elements and 

the gaze behaviour data suggested the opposite, namely: the more experienced players 

looked more to the attackers without ball than the less experienced players. So, the 

explanation of the differences in recall accuracy between the attacking and defending 

elements of both experience groups is still unclear, but it does not seem to have been 

caused by the visual search strategies.

 Furthermore, in real-world coordinates, the more experienced players tended to 

anticipate both the attacking pattern and defensive pattern further ahead than the 

less experienced players. Similar results were found by Gorman et al. (2011, 2012), who 

found that expert basketball players showed larger anticipatory encoding than novices. 

Thornton and Hayes (2004) showed that novices are able to anticipate the movements of 

people in everyday scenes, probably because they are able to use their basic understanding 

of human movement. But, as Gorman et al. (2011) showed, this basic understanding of 

human motion is not sufficient to apply an anticipatory encoding process on complex 

patterns from a specific domain of expertise (e.g., basketball or soccer). In their study, 

only expert and recreational basketball players showed anticipatory encoding, while 

novices did not. Gorman et al. (2011) argued that anticipatory encoding is likely to occur 

if the observer has experience in the domain and therewith a better understanding of 
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the interrelationships among the players within the pattern. Other studies also showed 

that probabilistic knowledge (Gorman et al., 2013b) and experience in the domain result 

in larger extents of anticipatory encoding (Jordan & Husinger, 2008; Jordan & Knoblich, 

2004). Anyway, the current study showed that the extent to which the participants 

anticipated the pattern of play in advance, seems to differentiate between the more and 

less experienced players.

 Research on this phenomenon, called ‘representational momentum’, has also shown 

that stimuli with higher implied or actual velocities induce larger anticipatory encoding 

processes (Finke, Freyd, & Shyi, 1986; Freyd & Finke, 1985). Further research should be 

done to determine whether this is also the case in pattern recall, that is, whether the to 

be recalled players or (sub-) patterns with higher velocities result in larger advance times.

The measurements of gaze behavior in the current study were done to examine the 

relation between visual search strategies and pattern recall accuracy. The results of the 

current study indicated that trials that resulted in good and bad pattern recall scores 

were accompanied by similar visual search strategies, since there were no significant 

differences for search rate, fixation duration, fixation order or fixation location. So, it 

seems that the differences in recall accuracy were caused by differences in processing the 

visual information, rather than differences in visual search strategy, which is consistent 

with the results of Gorman et al. (2013a).

 We also compared the visual search strategies of the more experienced players with 

the less experienced players of the talent program. The more experienced players spent 

more time watching the attackers without ball and less time on a central spot in the field 

than the less experienced players. Furthermore, the more experienced players showed 

more fixations per second (i.e., higher search rate) of shorter duration and switched their 

gaze more often from the player in possession of the ball to another location and back 

to the player in possession of the ball (i.e., fixation order). At first sight, this may seem 

contradictive to previous research in sport that showed that skilled athletes use fewer 

fixations of longer duration than their less-skilled counterparts (Abernethy & Russell, 

1987; Goulet, Bard, & Fleury, 1989; Helsen & Pauwels, 1993; Ripoll, Kerlirzin, Stein, & 

Reine, 1995). Theoretically, because saccades are seen as inactive periods of information 

processing, a more selective and efficient strategy would consist of fewer fixations 

of longer duration (Williams et al., 1993). However, previous literature showed that 

the search strategy that is being used seems to be dependent on the task constraints 

(Roca, Ford, McRobert, & Williams, 2013; Vaeyens, Lenoir, Williams, Mazyn, et al., 2007; 

Vaeyens, Lenoir, Williams, & Philippaerts, 2007; Williams et al., 1994).

 For example, Mann, Farrow, Shuttleworth, and Hopwood (2009) found that visual 

search behaviour was dependent on the perspective of the video footage. That is, on 

a decision making task, participants showed a higher search rate and lower fixation 

duration in the aerial compared to the player perspective, and in the aerial perspective 
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more time was spent fixating on the open space and more fixation transitions were made 

between the ball carrier and a team mate. Also, Roca et al. (2013) found in an anticipation 

and decision making study in soccer, that participants made more fixations of shorter 

duration in situations in which the ball was far away from the participants compared 

to situations in which the ball was close to the participant. Furthermore, Williams and 

Davids (1998) argued that game players may use higher search rates when they have 

to recognize or recall patterns of play, whereas lower search rates may be used in more 

specific contexts involving a restricted number of players, such as 1 on 1 situations. 

Similar to the current study, several studies showed higher search rates (Vaeyens, Lenoir, 

Williams, Mazyn, et al., 2007; Vaeyens, Lenoir, Williams, & Philippaerts, 2007; Williams et 

al., 1993; Williams et al., 1994) and a higher frequency of alteration of fixation between 

the player in possession of the ball and any other area (i.e., fixation order; Vaeyens, 

Lenoir, Williams, Mazyn, et al., 2007; Vaeyens, Lenoir, Williams, & Philippaerts, 2007) for 

experienced players than for less experienced players. Vaeyens, Lenoir, Williams, and 

Philippaerts (2007) argued that one should not necessarily interpret the higher search 

rate and fixation order as a more exhaustive search strategy, but as a more purposeful 

visual search strategy. Skilled players fixate mainly on the player in possession of the 

ball and use peripheral vision to track the movements of other players (without ball; cf. 

Williams & Davids, 1998). When they need more detailed information from these other 

players, they use a saccade to fixate on that particular area and then make a saccade back 

to the player in possession of the ball (Vaeyens, Lenoir, Williams, & Philippaerts, 2007). 

These ‘visual pivots’ have been reported more often in soccer (Vaeyens, Lenoir, Williams, 

Mazyn, et al., 2007; Williams & Davids, 1998) and other sports (Martell & Vickers, 2004; 

Ripoll, 1991; Williams & Elliott, 1999) and may be indicative of a more context rather than 

target control strategy (Tenenbaum & Bar-Eli, 1993) which sounds beneficial for a pattern 

recall task.

 In sum, our results showed that irrespective of the method of analysis, the participants 

encoded the patterns significantly further in advance of the actual finishing point. So, 

the participants unknowingly anticipated the movements of the patterns. Furthermore, 

in real-world coordinates, the more experienced players tended to anticipate both the 

attacking pattern and defensive pattern further in advance than the less experienced 

players. The differences in recall accuracy between the defense and offense were not 

consistent across the methods of analysis. We therefore suggest that the 2D perspective 

in the video clips distorted the results in the previously used method of analysis, leading 

to the erroneous conclusion that attack and defensive patterns were recalled with 

different accuracy. In future research, perspective effects of the video clip should be 

taken into account. Finally, the good and bad trials were accompanied by similar visual 

search strategies and thus the perceptual–cognitive capability rather than the visual 

search strategy seems to define the pattern recall accuracy. Still, the more experienced 
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players demonstrated a higher search rate, that is more fixations of shorter duration, and 

switched their gaze more often from the player in possession of the ball towards another 

area and back to the player with the ball (i.e., higher fixation order) indicating that even 

within a quite homogenous group of talented soccer players differences in visual search 

behavior can be found.
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Abstract

The objective of this study was to compose an objective and detailed notational analysis 

system for 3 vs. 2 + GK small-sided soccer games, in which three roles are examined: 

attacker with ball, attacker without ball and defender. The actions and the outcome of 

the actions were registered for each player and in each role. Players earn points for each 

action and outcome according to an a priori determined scheme. Performance scores 

for each role are calculated as the average number of points a participant earns per trial. 

This notation system was tested on 19 highly talented female soccer players and validity 

and reliability of the system were determined. In addition, practical applications were 

discussed and the most important items of the notation system were determined and 

using only these items, a simplified notation system was proposed. The notation system 

has high ecological validity and can discriminate the high and low categorized players, 

but further development is necessary to increase the reliability of the system.

Keywords
Association football

Performance analysis

Sport analytics
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Introduction

Assessing tactical skills of team sport players is challenging but interesting for both sport 

practice and science. In sport practice, trainers, coaches and scouts want an easy tool to 

determine the quality of performance, identify strengths and weaknesses and follow the 

developments of players. Scientifically, an objective method to assess tactical skills of 

team sport players on the field would be valuable for research on expertise and decision 

making. 

 Bard and Fleury (1976) were the first to attempt to objectively examine decision 

making skills by presenting slides of offensive basketball game situations to experienced 

basketball players and novices, after which they had to verbalize their response. 

However, the validity and reliability of this test was not reported. Better ecological 

validity would be acquired using film clips as argued by Helsen and Pauwels (1988). They 

were among the first who developed a film-based decision-making test that has been 

used frequently ever since (Belling, Suss, & Ward, 2015; Ripoll, Kerlirzin, Stein, & Reine, 

1995; Savelsbergh, Haans, Kooijman, & van Kampen, 2010; Vaeyens, Lenoir, Williams, & 

Philippaerts, 2007).

 However, the most ecologically valid way of measuring decision making or tactical 

skills is by using game play (Dicks, Button, & Davids, 2010; Mann, Williams, Ward, & 

Janelle, 2007; Travassos et al., 2013). By coding, behaviours exhibited during game play 

actual performance can be assessed. This is more authentic and represents one’s ability 

more accurately (K. T. Thomas & Thomas, 1994). In sports and physical education, there 

is an increasing interest in developing performance assessment instruments that can be 

used on game play performances. In a review, Arias and Castejon (2012) showed that the 

two most often cited assessment instruments are the Team Sport Assessment Procedure 

(TSAP) and the Game Performance Assessment Instrument (GPAI).

 The TSAP of Grehaigne, Godbout, and Bouthier (1997) was designed for invasion 

games and examines how players gain ball possession and how they play the ball. Ball 

possession can be gained by conquering or receiving the ball, and then, the player can 

play a neutral ball, lose the ball, play an offensive ball or execute a successful shot. 

Based on the frequencies of occurrence, the volume of play and efficiency index can 

be calculated and those two combined yield a performance score. Although this is an 

easy-to-use assessment instrument, its major limitation is that it only examines the 

player in possession of the ball. Since a player carries the ball for less than 2% of the 

game (Blomqvist, Vanttinen, & Luhtanen, 2005; Reilly & Thomas, 1976; Withers, Maricic, 

Wasilewski, & Kelly, 1982), it is essential that a performance assessment instrument for 

team sports also includes the performances of players off-the-ball.

 The GPAI designed by Oslin, Mitchell, and Griffin (1998) is the most frequently used 

assessment instrument (Arias & Castejon, 2012) and includes both on-the-ball and off-
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the-ball movements. Oslin et al. (1998) aimed for a performance assessment instrument 

that can be used for any kind of game and identified general game components for which 

the observer has to assess appropriateness of the player’s behaviour. For example, for 

each time a player is in ball possession, the observer assesses the decisions made and 

these are coded as appropriate if a player choses to shoot or pass to an open teammate 

when the opportunity is available, and coded as inappropriate if a player does not pass at 

an appropriate time or to a marked teammate. Thus, the observer has to decide whether 

players are open or marked, whether a pass is given at the appropriate time or not, etc. 

and this leads to a high level of subjectivity in the assessment process.

 Other, more recent, performance assessment instruments used general tactical 

principles of the game (e.g., ‘penetration’ or ‘offensive coverage’ as in FUT-SAT Costa, 

Garganta, Greco, & Mesquita, 2010; Costa, Garganta, Greco, Mesquita, & Maia, 2011) or 

did not assess the performances of all the players (i.e. attackers and defenders) involved 

in the game (e.g., Game Performance Evaluation Tool of García-López, González-Víllora, 

Gutiérrez, & Serra, 2013; for an overview of performance assessments instruments, see 

Arias & Castejón, 2012 or González-Víllora, Serra-Olivares, Pastor-Vicedo, & Costa, 2015). 

This inspired us to develop a detailed and, in our view, more objective notation system 

in which the performances of all players are assessed, that is attacker with ball, attacker 

without ball and defender. For each role, the actions of the participants are registered as 

well as the outcome of the actions. Depending on the outcome of the action, the participant 

earns points for each action corresponding to the a priori determined point distribution, so 

that the user of the system is not required to judge the quality or appropriateness of the 

actions performed by the players. Performance scores for each role are calculated as the 

average number of points a participant earns per trial in that role.

 The aim of the current study was to examine the validity and reliability of the notation 

system among highly talented soccer players. Validity was determined with regard to 

ecological, content, concurrent and construct validity. To determine the reliability of the 

notation system, inter- and intra-observer reliability were assessed. Consequently, the 

most important items of the notation system were determined and using only these items, 

a simplified notation system was proposed. Finally, practical applications were discussed.
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Method

Participants
A total of 19 highly talented female soccer players participated in this study, with a mean 

age of 16.3 years (SD = 1.1) and a mean soccer experience of 9.9 years (SD = 2.3). They 

all played in the national soccer talent team, in which they train about 15 to 20 h a week 

and play in a high level competition for males under 14 years of age. The experiment was 

approved by the local ethics committee of the research institute and all participants gave 

their written informed consent prior to the experiment; parental consent was provided 

for players younger than 18 years.

Procedure
To assess the performances of the players (i.e. attackers and defenders), we chose to use 

3 vs. 2 + GK small-sided games (i.e. 3 attackers vs. 2 defenders and a goalkeeper) since 

these are less complex than 11 vs. 11 matches, facilitate more ball touches per player and 

are the basics of soccer according to the Royal Netherlands Football Association (Dokter, 

1993). The small-sided game was played on a 40 -m long and 25 -m wide field (dimensions 

were advised by the head coach of the national soccer talent team) with official sized 

goals, and official soccer rules, including offside, were applied.

 The six players were instructed to start at specific locations (Figure 3.1). The attackers’ 

task was to try to score as quickly as possible, whereas the defenders had to prevent that. 

If the defenders obtained ball possession, they had to try to score at the opposite goal. 

However, the turnover was only for motivational reasons, the notational analysis was only 

carried out on the performance prior to the change of ball possession (the participants 

were unaware of this). The trial ended if a goal was scored, a foul was made or the ball 

went out of play. The variables that were measured are explained in the section ‘Notation 

system’. After five trials, the participants switched roles (except for the goalkeeper), so 

that all participants played on each position. Thus, in one test, a participant played 15 

attacking trials and 10 defending trials. In total eight tests were conducted, spread out 

over 4.5 months. Participants who attended less than five tests were excluded from 

analysis. A total of 733 trials were analysed; on average, a participant played 34 trials 

(SD = 5) per position.

 The tests took place on the regular training pitch of the national soccer talent team and 

were video recorded with a Go Pro Hero 3 camera (Black Edition, resolution 1920 × 1080, 

30 Hz; Go-Pro, USA) that was fixed on a 6.5 -m high platform (Showtec LTB-200/6 Lifting 

Tower, The Netherlands), and analysed afterwards using the notation system.
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Notation system
Our notation system distinguishes three roles for a player: attacker with ball, attacker 

without ball and defender. For each role, possible actions and outcomes have been 

identified and defined (Table 3.1). The first step of the notation system was to analyse 

the video footage frame by frame by registering all the actions a participant makes, and 

its outcome, for each role. For positioning not the frequency but the duration of being 

open or marked was registered. This could easily be done using video coding software 

like Dartfish (TeamPro 7), which we used.

 Depending on the outcome, the participants earned points for the actions they 

performed. The allocation of points was a priori determined by soccer experts, and is 

shown in Table 3.1. For example, when a player passes the ball towards a teammate, 

this teammate receives the ball and the pass was directed forward, then the passing 

player earns two points. Only for positioning a slightly different approach was used, the 

registered duration in each of the categories of positioning were used to calculate the 

percentage of time a player spend in each of the categories, and consequently, these 

percentages were multiplied with the points allocated to each category, as can be found 

in Table 3.1. For example, when a player was open, on his own half, in the centre of the 

field, for 25% of the total time, then this player got 0.25 × 2 = 0.5 points for this category. 

By adding up the points per trial for each role, and calculating the average number of 

points a player received per trial, a performance score for each role was computed. There 

were no minimum or maximum scores, as the performance scores depend on the actions 

that a player made and on the outcome of these actions.

Figure 3.1. Overview of the small-sided game. Players are located at their specific starting positions.
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Table 3.1. Actions, outcomes, definitions and allocation of points of notation system.

Role Action Outcome Definition Points

Attacker with  ball

Shooting The attacker shoots at goal and …

Goal … scores 12

Blocked by defender … the shot is blocked by a defender 6

Saved by goalkeeper … the shot is saved by the goalkeeper 9

Post/crossbar … the ball hits the post or crossbar 9

Wide/over … the ball goes wide or over the goal (within 1 m) 6

Far wide/far over … the ball goes far wide or over the goal (more 
than 1 m)

0

Passing The attacker passes the ball …

Successful, towards teammate 
in promising position

… and a teammate in a promising position receives 
the ball

5

Successful, forward … forward to a teammate who receives the ball 2

Successful, backward … sideways or backward to a teammate who 
receives the ball

1

Intercepted …  and a defender or goalkeeper intercepts the ball 0

Offside … towards a teammate in offside position 0

Out of play … out of play 0

Dribbling The attacker moves the ball, after receiving and 
prior to passing/shooting, (without a near defender) 
and …

Maintain ball possession, 
towards promising position

… the attacker maintains ball possession and moves 
towards a promising position

5

Maintain ball possession, 
forward

… the attacker maintains ball possession and moves 
forwards

2

Maintain ball possession, to 
the side or backward

… the attacker maintains ball possession and moves 
to the side or backwards

1

Ball possession lost … the attackers loses ball possession 0

Offensive 1:1 duel The attacker with ball and defender approach within 
1 m, the defender is next to or in front of the attacker, 
and …

Attacker wins and overtakes … the attacker wins the duel and overtakes the 
defender

5

Attacker retains ball 
possession but goes back

… the attacker maintains ball possession but does 
not overtake the defender

3

Defender plays ball out of play … the defender plays the ball out of play 2

Defender wins ball possession 
and can continue directly

… the defender conquers ball possession and is able 
to continue to play immediately

0

Defender wins ball possession 
but cannot continue directly

… the defender conquers ball possession and is not 
able to continue to play immediately

0
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Receiving The attacker receives the ball and …

Under control … controls it 1

Out of control … does not control it 0

Foul The attackers makes a foul 0

Attacker without ball

Running action The attacker off the ball accelerates or moves in 
another direction than the flow of the game and …

Defender follows, creating 
more space for ball carrier

… a defender follows the attacker, hereby creating 
more space for the ball carrier

2

Got open on own half … the attacker gets open on his own half of the 
playing field

2

Got open on opponent's half … the attacker gets open on the opponents' half of 
the playing field

4

Wrong direction/timing … the attacker does not get open and the defender 
does not follow him

0

Offside The attacker is in offside position 0

In promising 
position

The attacker is in a promising position, that is, inside 
the penalty box and a 2 m wide line from the attacker 
towards the goal is open

7

Foul The attacker off the ball makes a foul 0

Positioning A 1 m wide line from the ball carrier to the attacker 
off the ball is …

Open, own half, centre … open, and the attacker off the ball is on his own 
half of the field and in the centre

2

Open, own half, side … open, and the attacker off the ball is on his own 
half of the field and at the side

1

Open, opponents’ half, centre … open, and the attacker off the ball is on the 
opponents' half of the field and in the centre

5

Open, opponents’ half, side … open, and the attacker off the ball is on the 
opponents' half of the field and at the side

3

Marked … marked by a defender 0

Defender

Defensive 1:1 
duel

The defender and attacker with ball approach within 
1 m, the defender is next to or in front of the attacker, 
and …

Attacker wins and overtakes … the attacker wins the duel and overtakes the 
defender

0

Attacker retains ball 
possession but goes back

… the attacker maintains ball possession but does 
not overtake the defender

2

Defender plays ball out of play … the defender plays the ball out of play 2

Defender wins ball possession 
and can continue directly

… the defender conquers ball possession and is able 
to continue to play immediately

6

Defender wins ball possession 
but cannot continue directly

… the defender conquers ball possession and is not 
able to continue to play immediately

4

Table 3.1. Continued
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Defensive 
pressure

The defender accelerates towards the attacker with 
ball and approaches within 2 m (and more than 1 
m) and …

Attacker goes forward … the attacker with ball moves forward 0

Attacker goes backward … the attacker with ball moves to the side or 
backwards

3

Towards 1:1 duel … the defender approaches to within 1 m and a 1:1 
duel follows

2

Intercepting The defender intercepts a pass and …

Under control … controls the ball 6

No control … does not control the ball 2

Blocking shot The defender blocks a shot at goal and …

Defender got ball possession … the defender gains ball possession 5

Defender  got no ball 
possession

… the attackers maintain ball possession 2

Offside trap The last defender steps forward to put an attacker 
offside and …

Well executed … the defender wins ball possession due to offside 3

Not well executed … the timing is not correct and thus the attackers 
maintain ball possession

-3

Foul The defender makes a foul …

Inside penalty area … inside the penalty area -9

Own half … on his own half -6

Opponent's half … on the opponents' half -3

Data analysis
Validity

In addition to descriptions of the ecological and content validity of the notation system, 

the concurrent validity and construct validity were calculated.

• Ecological validity
Ecological validity reflects the congruency between the constraints during assessment 

and real-life situations. Using a representative design, in which the task constraints are 

similar to the natural performance setting, a high ecological validity is achieved (Brewer 

& Crano, 2014). Our notation system was applied to 3 vs. 2 + GK small-sided games, this 

enabled the participants to behave naturally, and thus, with regard to the task constraints 

of the assessment method the ecological validity of our notation system is high. With 

regard to the actual soccer game, however, the ecological validity can be improved by 

assessing the performances of the players while playing 11 vs. 11 on a regular-sized pitch 

instead of 3 vs. 2 + GK small-sided games. Nevertheless, in comparison with previous 

Table 3.1. Continued
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research, the assessment method used in the current study is a proper representation of 

the actual performance environment.

• Content validity
Content validity was determined by two experts with over 25 years of experience in 

coaching soccer at national and international level. They provided feedback on the 

terms and definitions of the notation system and discussed the allocation of points until 

consensus was reached.

• Concurrent validity
Concurrent validity can be determined by correlating the results of a new measurement 

technique with a reference criterion that is administered at about the same time 

(J. R. Thomas, Nelson, & Silverman, 2005). In this study, the head coach1 judged 

the performances of the players and categorized them as high, medium or low. 

Categorizations were made for their general performance in the 3 vs. 2 + GK tests and 

on their specific performances as attacker with ball, attacker without ball and defender. 

As indication of concurrent validity, Kendall’s tau correlations were determined between 

the categorizations of the coach and the performance scores attained with the notation 

system (Field, 2009).

• Construct validity
Construct validity of the notation system was determined by its success in differentiating 

between the high and low categorized players. Performance scores for the three roles 

of the high and low categorized players were compared separately using independent 

t-tests to determine whether the notation system could differentiate between skill level.

Reliability
The reliability of the notation system was determined using intra-observer and inter-

observer reliability.

• Intra-observer reliability
A total of 75 trials (10% of the complete dataset) were coded twice by the main researcher 

to determine intra-observer reliability. (Hughes, Cooper, & Nevill, 2004) recommend to 

use percentage error as indicator of reliability for categorical data and values less than 

5% are seen as acceptable. With the exception of positioning, percentage error was 

calculated for each action and outcome separately, to give insight into the reliability of 

1 Two other experienced soccer coaches also categorized the players, as this yielded the same pattern of 
results, only the results of the comparison with the head coach are reported here.
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the separate items. For positioning the duration of being open or marked was registered, 

and thus the Pearson correlation between the two data sets was determined as reliability 

score.

• Inter-observer reliability
Although the main researcher coded all data, an assistant was also trained for 5 h to use 

the notation system. After training, a total of 118 trials (16% of the complete dataset) 

were coded by the assistant to assess inter-observer reliability. The percentage error 

was calculated for all actions and outcomes separately (Hughes et al., 2004), except for 

positioning, for which the Pearson correlation between the two coders was assessed.

Simplification of the notation system
As it is labour-intensive to register all actions and outcomes for each role, we also 

examined whether it is possible to simplify the notation system. For each role, we 

calculated the average occurrence of each action per player per trial and the percentage 

of points the players earned with each action in relation to the total number of points 

they earned for that particular role. We also examined the ability to discriminate the 

high and low categorized players of each action separately by using independent t-tests. 

Based on these results, we stepwise excluded actions from the notation system to find a 

simplified notation system that included as few as possible actions but was still able to 

differentiate between the high and low categorized players.

Practical applications
For coaches, it is valuable to have an easy method to compare the players to each other 

and to get an overview of the strengths and weaknesses of each individual player. To fulfil 

this request, we created two easy-to-read graphs based on the results of the notation 

system. To compare the performances of the players within a team or group, a graphical 

representation was created of the performance scores for offence (i.e. the sum of the 

performance scores for the role of attacker with ball and without ball) and defence of 

each player. Also, the average group scores were displayed. The individual strengths and 

weaknesses were explored by calculating the points each participant earned for each 

action separately. We expressed them as z-scores to facilitate the comparisons between 

actions and displayed them in a radar graph.
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Results

Validity
Concurrent validity

Significant correlations between the categorizations by the coach and the performance 

scores have been found for general performances, τ = .486, p < .05, attacker with ball, 

τ = .397, p < .05, attacker without ball, τ = .523, p < .05 and defender, τ = .461, p < .05, 

indicating that the performance scores as obtained with the notation system were 

significantly related to the categorizations by the head coach.

Construct validity
In Table 3.2, the mean and standard deviations of the performance scores for the three 

roles can be found for the high and low categorized players. The high categorized players 

obtained significantly higher performance scores with the notation system than the low 

categorized players in all three roles, all ps < .05, meaning that the notation system can 

differentiate between the high and low categorized players. 

Reliability
Intra-observer reliability

Table 3.3 shows the intra-observer reliability for each action and outcome that was coded 

frequently in this sample (i.e. more than 5 times). All actions and outcomes were coded 

with a percentage error within the acceptable 5%, except for running actions, being 

offside, defensive pressure and intercepting the ball, of which the last two were only 

slightly above the 5% norm. For positioning, the Pearson correlation between the two 

data sets was found to be significant, all ps < .001, and ranging from 0.865 to 0.995. Thus, 

overall the intra-observer reliability was sufficient to good. 

Inter-observer reliability
The inter-observer reliability for each action and outcome that was coded more than 5 

times in this sample is displayed in Table 3.3. The percentage error varied from 0.0% to 

45.9%, indicating that some items had high inter-observer reliability and others low. For 

positioning, a significant correlation was found between the two coders.
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Table 3.2. Construct validity test. Comparison of high and low skilled players, based on categorizations 
of head coach.

    Performance score
    M (SD) df t p r
Attacker with ball 7 2.505 0.041 .69
High (n = 6) 4.90 (1.00)
Low (n = 3) 3.39 (0.22)
Attacker without ball 4 3.606 0.023 .87
High (n = 3) 1.56 (0.10)
Low (n = 3) 1.29 (0.08)
Defender 7 3.370 0.012 .79
High (n = 4) 2.08 (0.21)
Low (n = 5) 1.54 (0.26)

Table 3.3. Intra and inter-observer reliability, expressed as percentage error, except for positioning, for 
which Pearson correlation was calculated. 

      Intra-observer Inter-observer
      Action Outcome Action Outcome
Attacker with ball

Shooting 4.3% 2.2% 5.0% 6.6%
Passing 0.7% 4.7% 1.7% 8.5%
Dribbling 3.3% 4.2% 14.0% 0.8%
Offensive 1:1 duel 3.6% 3.6% 28.6% 7.1%
Receiving 3.2% 2.2% 5.3% 3.9%
Foul # #

Attacker without ball
Running action 17.9% 6.0% 39.3% 1.4%
Offside 28.6% 30.5%
Promising position # #
Foul # #
Positioning

Open, own half, centre 0.969** 0.892**

Open, own half, side 0.995** 0.989**

Open, opponent’s half, centre 0.865** 0.391*    

Open, opponent’s half, side 0.932** 0.912**

Marked 0.988** 0.951**

Defender
Defensive 1:1 duel 3.6% 3.6% 19.0% 0.0%
Defensive pressure 6.8% 2.0% 45.9% 3.7%
Intercepting 7.4% 0.0% 9.5% 28.6%
Blocking shot # #
Offside trap # #
Foul # #

Note. # was coded too infrequently in this sample to compute reliability score. * p < .05, ** p < .001.
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Simplification of the notation system
Table 3.4 shows for each role the average occurrence of each action per player per trial, the 

percentage of points the players earned with that action, and the independent t-test statistics 

on the performance scores acquired with each action separately. When used separately, 

only the action defensive pressure yielded a significant difference between the high and low 

categorized players, the other separate actions could not differentiate the high from the low 

categorized players.

Table 3.4. For each action in each role, the mean occurrence per player per trial, the mean percentage 
of points earned with that action in relation to the total number of points for that role, the mean and 
standard deviation of the high and low categorized players and the test of the difference between 
them.

High Low

M occurrence
M  % of 
points M SD M SD df t p r

Attacker with ball

Shooting 0.18 31.0% 1.71 0.65 0.75 0.39 7 2.313 0.054 0.66

Passing 0.72 25.4% 1.15 0.17 1.07 0.13 7 0.628 0.550 0.23

Dribbling 0.56 26.0% 1.23 0.17 1.01 0.04 7 2.183 0.065 0.64

Offensive 1:1 duel 0.12 7.6% 0.35 0.11 0.19 0.16 7 1.821 0.111 0.57

Receiving 0.47 10.1% 0.47 0.09 0.38 0.03 7 1.631 0.147 0.52

Foul 0.00 0.0% 0.00 0.00

Attacker without ball

Running action 0.30 34.7% 0.53 0.07 0.46 0.06 4 1.356 0.247 0.56

Offside 0.14 0.0% 0.00 0.00

In promising position 0.01 2.9% 0.10 0.11 0.00 0.00 4 1.555 0.195 0.61

Foul 0.00 0.0% 0.00 0.00

Positioning 62.4% 0.93 0.05 0.83 0.12 4 1.392 0.236 0.57

Defender

Defensive 1:1 duel 0.18 23.0% 0.51 0.14 0.43 0.11 7 0.871 0.412 0.31

Defensive pressure 1.07 54.6% 1.09 0.19 0.77 0.14 7 2.946 0.022 0.74

Intercepting 0.10 21.5% 0.43 0.23 0.31 0.09 7 0.990 0.355 0.35

Blocking shot 0.02 2.5% 0.08 0.08 0.05 0.05 7 0.709 0.501 0.26

Offside trap 0.00 0.1% 0.00 0.00 -0.01 0.01 7 0.882 0.407 0.32

Foul 0.01 -1.6% -0.01 0.02 -0.01 0.03 7 0.220 0.832 0.08
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As shown in Table 3.2 (and in Table 3.5, the first line for each role), the construct validity 

of the complete notation system is good, meaning that it differentiates the high and 

low categorized players. To reduce the workload of the system, we examined whether 

it is possible to simplify the system without losing its discriminating ability. Stepwise 

elimination of actions from the notation system revealed that by including the three 

actions shooting, dribbling and offensive 1:1 duel the notation system can discriminate 

the high- and low-skilled players in the role of attacker with ball (Table 3.5). For the role 

of attacker without ball, running action, being in promising position and positioning are 

necessary and sufficient to significantly differentiate the high from the low categorized 

players. For defenders, the high and low categorized players can be discriminated by 

including only the single action defensive pressure.

Practical applications
The performance scores on offence and defence are displayed in Figure 3.2 for each 

participant. Using this graphical representation, it is easy for coaches to see how the 

players score in comparison to each other. The best players appear in the top right corner 

and the weakest in the bottom left corner. The defence specialists (i.e. good in defence, 

weak in offence) are located in the bottom right corner and the offence specialists (i.e. 

good in offence, weak in defence) in the top left corner. Several soccer coaches have 

approved the practical relevance of this graph.

 Examples of the individual strengths and weaknesses of two participants are shown 

in Figure 3.3. Participant 12 had high performance scores for all three roles, whereas 

Participant 15 scored low on the roles attacker with ball and defender and above average 

for the role of attacker without ball. The strengths and weaknesses graphs (Figure 3.3) 

reveal that Participant 12 especially excels in passing but may benefit from improving her 

intercepting skills and although Participant 15 scored on average low on defending, her 

intercepting skills were above average. 
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Discussion

The aim of this study was to take a first step in developing an objective notation system 

for small-sided soccer games that examines player performances both on and off the 

ball. The notation system was tested on highly talented female soccer players from the 

national talent program. Validity and reliability of the notation system were determined, 

practical applications were shown and a simplified system was proposed to reduce the 

workload of the complete notation system.

 The notation system has high ecological validity as a representative design is 

used in which the task constraints are similar to the natural performance setting and 

consequently enables natural behaviour. Assessing the performances of the players while 

playing 11 vs. 11 regular matches, will even further improve the ecological validity and 

is interesting for future research. Nevertheless, in comparison with previous research, 

the method we used to assess performance is a proper representation of the actual 

performance setting. Furthermore, as two experts with over 25 years of experience in 

coaching soccer at national and international level contributed to the development of 

the notation system, the content validity of the notation system was warranted.

 The concurrent validity of the notation system was found to be significant for each 

role and for the overall performance score. However, the correlations between the 

performance scores and the categorizations by the head coach showed medium to large 

effects. This could possibly be due to correlating the performance scores with the opinion 

of one expert instead of a panel of experts. Also the fact that we analysed the small 

number of 19 players could have affected the results, and furthermore, these players 

were all enrolled in the national talent program, meaning that they were all highly 

skilled players and consequently large differences were not to be expected. Applying 

the notation system on a larger and more heterogeneous skilled group of players will 

probably yield higher concurrent validity.

Table 3.5. Possibilities to simplify the notation system and effects on construct validity test for each 
role. Suggested simplification option in bold.

High Low

Out In M SD M SD df t p r

Attacker with ball

- Shooting, Passing, Dribbling, 
Offensive 1:1 duel, Receiving, Foul

4.90 1.00 3.39 0.22 7 2.505 0.041 0.69

Foul Shooting, Passing, Dribbling, 
Offensive 1:1 duel, Receiving

4.90 1.00 3.39 0.22 7 2.505 0.041 0.69

Foul, Passing Shooting, Dribbling, Offensive 1:1 
duel, Receiving

3.75 0.91 2.32 0.35 7 2.561 0.037 0.70
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Foul, Passing, 
Offensive 1:1 
duel

Shooting, Passing, Dribbling, 
Receiving

3.40 0.85 2.13 0.43 7 2.389 0.048 0.67

Foul, Passing, 
Receiving

Shooting, Dribbling, Offensive 
1:1 duel

3.29 0.86 1.94 0.35 7 2.544 0.038 0.69

Foul, Passing, 
Offensive 1:1 
duel, Receiving

Shooting, Dribbling 2.93 0.80 1.75 0.42 7 2.333 0.052 0.66

Foul, Passing, 
Offensive 1:1 
duel, Receiving, 
Dribbling

Shooting 1.71 0.65 0.75 0.39 7 2.313 0.054 0.66

Attacker without ball

- Running action, Offside, In 
promising position, Foul, Positioning

1.56 0.10 1.29 0.08 4 3.606 0.023 0.87

Foul, Offside Running action, In promising 
position, Positioning

1.56 0.10 1.29 0.08 4 3.606 0.023 0.87

Foul, Offside, 
In promising 
position

Running action, Positioning 1.46 0.11 1.29 0.08 4 2.207 0.092 0.74

Defender

- Defensive 1:1 duel, Defensive 
pressure, Intercepting, Blocking 
shot, Offside trap, Foul

2.08 0.21 1.54 0.26 7 3.370 0.012 0.79

Offside trap Defensive 1:1 duel, Defensive 
pressure, Intercepting, Blocking 
shot, Foul

2.08 0.21 1.55 0.26 7 3.332 0.013 0.78

Offside trap, Foul Defensive 1:1 duel, Defensive 
pressure, Intercepting, Blocking shot

2.09 0.23 1.56 0.26 7 3.027 0.019 0.75

Offside trap, Foul, 
Blocking shot

Defensive 1:1 duel, Defensive 
pressure, Intercepting

2.02 0.23 1.51 0.26 7 3.027 0.019 0.75

Offside trap, Foul, 
Blocking shot, 
Defensive 1:1 
duel

Defensive pressure, Intercepting 1.51 0.18 1.08 0.17 7 3.690 0.008 0.81

Offside trap, Foul, 
Blocking shot, 
Intercepting

Defensive 1:1 duel, Defensive 
pressure

1.59 0.07 1.20 0.19 7 3.822 0.007 0.82

Offside trap, 
Foul, Blocking 
shot, Defensive 
1:1 duel, 
Intercepting

Defensive pressure 1.09 0.19 0.77 0.14 7 2.946 0.022 0.74

Table 3.5. Continued
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Figure 3.2. Individual scores of each participant for defence and offence. The black lines indicate the 
average scores of the group.

Construct validity was determined by comparing the performance scores of the high 

and low categorized players. In each role, the highly skilled players scored significantly 

higher than the low categorized players, demonstrating the good ability of the notation 

system to discriminate the high- and low-skilled players.

 The intra-observer reliability was good except for running actions and offside. The 

inter-observer reliability, however, was good for some actions but low for dribbling, 1:1 

duel both offensively and defensively, running action, offside, defensive pressure and 

intercepting. For most of these, the recognition of the action was found to be more 

difficult than the determination of the outcome of that action, as the reliability scores 

of the outcome were more often at an acceptable level than the reliability scores of the 

actions. The actions that scored low on reliability were all actions that are less objectively 

identifiable than actions like passes or shots on goal, indicating that improvement 

in reliability can be expected after clarifying the definitions of those actions. The low 

reliability of offside is probably due to the fact that it is an item that can be easily 

forgotten to register and, in addition, the camera’s viewpoint (behind the goal) made it 

difficult to identify offside. The notation system showed reasonably good intra-observer 

reliability, but the inter-observer reliability requires more attention. The reliability can be 

improved by defining the actions and outcomes more clearly and by administering more 
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guided training with the notation system than the current 5 h of practice before starting 

to assess performances.

 Another reason for the low reliability scores may be the complexity of the system, as 

any actions and outcomes need to be registered. Reducing the workload by eliminating 

actions from the system may also improve the inter-observer reliability. We found that 

when for the attacker with ball only the actions shooting, dribbling and offensive 1:1 duel 

were included, for the attacker without ball running actions, being in promising position 

and positioning and for the defender only defensive pressure, then the complexity and 

workload of the notation system were reduced considerably, but its ability to differentiate 

the high- from the low-skilled players remained.

 On the other hand, using specialised camera’s and software that can track the 

positions of the players and ball in combination with specially designed algorithms, 

the registration of all actions of all players on the field can be automated (Beetz et al., 

2009). An advantage of registering all actions is that it reveals a great deal of specific 

information about the players, which can be used to create player profiles indicating 

strengths and weaknesses of each player, as we showed in the practical applications, and 

these player profiles can be used to evaluate training, to follow the development of the 

individual players and to set goals for an individualised training program (O’Donoghue, 

2013).

 Also, the comparison of the performances of the players within a team is of practical 

relevance to coaches and scouts. For example, coaches can easily compare players and 

choose a more offensively or defensively playing midfielder according to their preferred 

game strategy. For both practical applications that we showed, a benchmark would be 

of great value. Then players can be compared to age- and gender-matched top-level 

players. To achieve this, the performances of many players of different age and gender 

should be assessed with the notation system.

 Until now, the notation system has only been used to assess the performances of just 

19 players. As these players were all enrolled in the national talent program, and thus 

preselected on their high skills, large differences in performance among the players were 

not to be expected. The fact that the notation system was able to discriminate the high 

from the low categorized players shows the potential of the notation system to assist in 

talent identification.



68

Chapter 3

Conclusion

The notation system we composed for assessing performances of soccer players in 3 vs. 

2 + GK small-sided games seems a good first step towards an objective assessment tool 

that examines both performances on and off the ball. The notation system differentiates 

the high- and low-skilled players and had high ecological validity, which may be 

improved by examining 11 vs. 11 matches. Further development is necessary to increase 

the reliability of the system and a longitudinal study on the use of the system to assist in 

player evaluation and selection would be valuable.

Figure 3.3. Individual strengths and weaknesses of Participant 12 and 15, expressed as z-scores. The 
dashed line indicates the average score of the group.
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Abstract

Many studies have shown that experts possess better perceptual-cognitive skills than 

novices (e.g., in anticipation, decision making, pattern recall), but it remains unclear 

whether a relationship exists between performance on those tests of perceptual-cognitive 

skill and actual on-field performance. In this study, we assessed the in situ performance 

of skilled soccer players and related the outcomes to measures of anticipation, decision 

making, and pattern recall. In addition, we examined gaze behaviour when performing 

the perceptual-cognitive tests to better understand whether the underlying processes 

were related when those perceptual-cognitive tasks were performed. The results 

revealed that on-field performance could not be predicted on the basis of performance 

on the perceptual-cognitive tests. Moreover, there were no strong correlations between 

the level of performance on the different tests. The analysis of gaze behaviour revealed 

differences in search rate, fixation duration, fixation order, gaze entropy, and percentage 

viewing time when performing the test of pattern recall, suggesting that it is driven by 

different processes to those used for anticipation and decision making. Altogether, the 

results suggest that the perceptual-cognitive tests may not be as strong determinants of 

actual performance as may have previously been assumed.

Keywords
Anticipation

Decision making

Gaze behaviour

In situ performance

Pattern recall
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Introduction

Perceptual-cognitive skills such as anticipation and decision making are crucial for 

successful performance in many complex dynamic motor tasks. For example, in aviation, 

the military, when driving a car, and in sport, the ability to pick up visual information and 

to select and execute an appropriate action is key to high-level performance (Williams 

& Ericsson, 2005; Williams, Ford, Eccles, & Ward, 2011). Sports offer a unique, dynamic, 

and time-constrained environment in which perceptual-cognitive skills can be examined. 

In team sports, like soccer, expert performance means choosing the correct action at 

the correct moment and performing that course of action efficiently and consistently 

throughout a match (Baker, Cote, & Abernethy, 2003; Grehaigne, Godbout, & Bouthier, 

2001). The ability to measure the level of performance on these perceptual-cognitive 

tasks is crucial to better understand expert performance, and to identify the factors 

and underlying processes that mediate successful performance (Williams & Ericsson, 

2005). Accurate measures of perceptual-cognitive skill could be used, for instance, for 

the purposes of talent identification and development, and to determine the efficacy of 

training interventions designed to improve performance. However, it remains unclear 

what might be the best way to measure perceptual-cognitive skill to accurately reflect 

the demands of actual on-field performance (Mann & Savelsbergh, 2015; Pinder, 

Headrick, & Oudejans, 2015; Williams & Ericsson, 2005), and this remains a significant 

barrier for scientists and practitioners who wish to better understand and improve high-

level performance in dynamic motor tasks.

 Perceptual-cognitive skill as it is performed in motor tasks has typically been 

measured using simplified video-based tests in which participants do not move, but 

instead indicate their preferred action or response from a variety of options either 

verbally or by way of a button press (e.g., Abernethy & Russell, 1987; Gorman, Abernethy, 

& Farrow, 2012; Savelsbergh, Williams, Van der Kamp, & Ward, 2002). Using this method, 

clear differences have been revealed between experts and novices, and sometimes 

differences are studied within groups to discriminate those with relatively high and low 

levels of perceptual-cognitive skill (e.g., Savelsbergh, Van der Kamp, Williams, & Ward, 

2005). Skilled performers are consistently found to be superior on a variety of perceptual-

cognitive tasks including those designed to test (a) anticipation, the ability to predict the 

outcome of another person’s action on the basis of the pick-up of early visual information 

(e.g., Abernethy & Russell, 1987; Jones & Miles, 1978; Savelsbergh et al., 2002; Williams 

& Ward, 2007); (b) decision making, the ability to select the best possible option from a 

variety of alternatives (e.g., Helsen & Pauwels, 1993; Vaeyens, Lenoir, Williams, Mazyn, 

& Philippaerts, 2007); and (c) pattern recall, the ability to recall previously seen patterns 

of play (e.g., Allard, Graham, & Paarsalu, 1980; Gorman et al., 2012; Van Maarseveen, 

Oudejans, & Savelsbergh, 2015). In addition, differences in gaze behaviour are often 
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reported when these tasks are performed, generally showing that experts use fewer 

fixations of longer duration than novices (e.g., Mann, Williams, Ward, & Janelle, 2007), 

a finding that has been interpreted to suggest that experts use a more efficient search 

strategy when performing these tasks (Helsen & Pauwels, 1993).

 Although the traditional video-based perceptual-cognitive skill tests offer a significant 

advantage in terms of their methodological rigour and control, it remains unclear how 

well these tests might accurately represent the on-field performance they are designed 

to sample (Mann & Savelsbergh, 2015; Pinder et al., 2015; Williams & Ericsson, 2005). 

Recently, significant differences have been found in both movement and visual behaviour 

when comparing performance on traditional video-based tests with contexts that are 

likely to be more representative of the participants’ performance environment (Dicks, 

Button, & Davids, 2010; Pinder et al., 2015). For example, Dicks et al. (2010) showed 

that when compared to responding to a video simulation, soccer goalkeepers made 

more penalty saves and fixated earlier on the ball and for longer periods of time in an in 

situ condition where actual interception was required. Similarly, Mann, Abernethy, and 

Farrow (2010) found that anticipation skill increased when participants were required 

to make an actual movement rather than a simple verbal response when anticipating 

the direction of a cricket ball. In support, a meta-analysis of perceptual-cognitive skill 

in sport has shown that expertise effects are most apparent when participants have to 

perform genuine actions under in situ task constraints rather than performing simplified 

responses in less representative conditions (Mann et al., 2007; Travassos et al., 2013).

 The decoupling of perception and action provides a clear distinction between task 

designs in which participants are required to make actual movements (an action response) 

and those in which participants generally respond verbally or by a simplified movement 

like a button-press (generally considered to be perceptual responses). The two-visual 

system model of Milner and Goodale (1995) claims that action and perception rely on 

two neuro-anatomically separate visual pathways within the brain: The ventral “vision-

for-perception” stream is thought to be used for perceiving what action a situation 

affords, and the dorsal “vision-for-action” stream for the visual guidance of that action. 

In a persuasive position paper that examined the implications of the dual pathway model 

for research on anticipation, Van der Kamp, Rivas, Van Doorn, and Savelsbergh (2008) 

suggested that much of the previous anticipation research had largely examined only the 

role of the ventral pathway because those studies had relied on video-based tests in which 

no actual movement had to be made. By excluding action from the participant response, 

Van der Kamp et al. (2008) claimed that most existing studies overlook the contribution 

of the dorsal system that is most likely to be relied on during actual performance. This 

distinction provides reason to believe that video-based tests of anticipation are likely 

to under-represent (or even misrepresent) the true ability of skilled performers when 

performing in an actual performance setting (Dicks, Davids, & Button, 2009; Mann et al., 
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2007). The same could also be said for tests of decision making, where participants must 

perceive the situation in order to decide an appropriate action to perform. Therefore, it 

could be that decision making is also likely to be affected by the absence of an action 

response in the same way that tests of anticipation might be. In support, Oudejans, 

Michaels, van Dort, and Frissen (1996) examined safe road-crossing behaviour and 

showed that more accurate decisions were made when people walked towards the road 

than if they were standing still and making the same decision. However, given that the 

recall of briefly presented patterns of play is rarely required in the natural performance 

environment (Gorman, Abernethy, & Farrow, 2013; Williams & Ericsson, 2005) and that 

doing so is unlikely to be coupled to an action, it could be that the impact that absence 

of action would have on a test of pattern recall might be less pronounced than it would 

be for tests of anticipation and decision making. The test of pattern recall is likely to be a 

highly perceptual test for which there might not be an equivalent test that would rely on 

a motor response.

 The degree to which different perceptual-cognitive skills are related is an important 

topic of recent debate (Farrow, McCrae, Gross, & Abernethy, 2010). In particular, it has 

been suggested that pattern recall may serve a functional role for facilitating anticipation 

and decision making. It has been claimed that athletes may use the locations of players 

to anticipate the next state of the pattern of play and to make an appropriate decision 

in response to this evolving pattern (Farrow et al., 2010; Gorman et al., 2012, 2013; 

Williams & Davids, 1995). This is a significant issue as it helps to reveal whether pattern 

recall, anticipation, and decision making are independent skills that should be acquired 

separately, or whether they are all related and underpinned by one underlying skill and 

thus similar cognitive processing (Gorman, Abernethy, & Farrow, 2015; North, Williams, 

Hodges, Ward, & Ericsson, 2009). Moreover, from a practical perspective, there would 

be no need to administer multiple tests if they were to be assessing the same underlying 

attribute. The majority of research to date has examined performance on the different 

tests of perceptual-cognitive skill independently (Williams & Ward, 2007), with only a few 

studies having searched for any relationship between those skills. One exception was a 

study by Farrow et al. (2010) who examined correlations between the anticipation and 

pattern recall skill of expert, intermediate, and novice rugby union players in line-outs. 

They found that pattern recall skill accounted for 40% of the variance in the anticipation 

task; however, when the level of expertise was accounted for they found that the 

correlation between anticipation and pattern recall remained for the intermediate and 

novice players only, and not for the experts. Farrow et al. consequently suggested that 

lesser skilled players use pattern recall when attempting to anticipate an evolving pattern, 

but for experts the contribution of pattern recall is diminished, and the anticipation task 

is processed in a different manner.
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One possible way to better understand the degree to which different tests of perceptual-

cognitive skill might be related, and thereby the underlying processes relied on when 

performing those tasks, is through the examination of gaze behaviour (Williams & 

Ericsson, 2005). In 1967, Yarbus first showed that gaze behaviour changes as a result of 

task requirements, even when the same visual stimulus is viewed (in that case stationary 

images). Similar results have been found within the sports domain; for example, Gorman 

et al. (2015) found differences in the gaze strategies of skilled basketball players when 

watching the same video footage for the purposes of decision making and pattern recall, 

and North et al. (2009) found differences in the gaze of soccer players when watching video 

clips for the purposes of pattern recognition and anticipation. Differences in gaze behaviour 

between the various tests has been interpreted to provide support for the idea that different 

processes underpin these contrasting perceptual-cognitive skills (North et al., 2009).

 To better understand and improve high-level performance in dynamic motor tasks, 

the fundamental question of interest in establishing appropriate tests of perceptual-

cognitive skill is whether performance on those tests predicts on-field performance. 

Existing studies have used the expert–novice comparison to show differences between 

skill levels, and assumed that those perceptual-cognitive skills for which there are 

differences must comprise an important element of expertise. It could be that some 

perceptual–cognitive skills are more related to the actual performance on the field than 

others, and this could depend on how well the separate tests reflect the processes that are 

needed for actual actions on the field. Therefore, in some studies, the relative weight of 

factors contributing to skilled performance have been examined—for example, Ward and 

Williams (2003) assessed young soccer players using a multidimensional battery of tests 

and found that anticipation and the use of situational probabilities (i.e., expectations of 

what is likely to happen next) were the best discriminating factors across the different 

skill groups. However, this expert–novice approach falls short of being able to provide 

direct evidence that performance on those tests is related to on-field performance. 

Rather, superior performance could be a consequence of experience in the game instead 

of being a contributing factor to expertise. As a result the relationship between these 

perceptual-cognitive skills and actual performance remains unclear (Ericsson, Patel, & 

Kintsch, 2000; Ericsson & Smith, 1991).

 In the current study, we sought to examine how well performance in a complex time-

constrained motor task could be predicted using representative tests of perceptual-

cognitive skill. To do so we assessed the in situ performance of young talented soccer 

players in a small-sided soccer game and related it to their performance on separate tests 

of anticipation, decision making, and pattern recall. Moreover we sought to determine 

the degree to which the three tests of perceptual-cognitive skill were related by exploring 

the correlations between the tests and the similarity of the gaze of participants when 

performing those tasks. If performance on the tests of perceptual-cognitive skill were 
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to be highly predictive of on-field performance then strong within-group correlations 

should be found between the measures of perceptual-cognitive skill and individual 

performance in the small-sided games. Moreover, if performance on the three tests of 

perceptual-cognitive skills were to be highly correlated with each other, then similarities 

in gaze behaviour when performing those tasks would be expected. Instead, if the degree 

to which the skills were to overlap would be low then significant differences in gaze would 

be expected when participants were performing those tasks. Insight into the degree to 

which the perceptual-cognitive skills overlap and how well these tests represent in situ 

performance helps to reveal whether those skills are underpinned by different cognitive 

processes, and may facilitate the development of an accurate method to evaluate 

performance in complex time-constrained motor tasks.

Method

Participants
Twenty-two highly talented female soccer players from the national soccer talent team 

participated in the study (Mage = 16.3 years, SD = 1.1). They trained about 15 to 20 hours a week 

and played in a high-level competition for men under 14 years of age and had an average of 

9.8 years (SD = 2.3) of soccer experience. The experiment was approved by the local ethics 

committee of the research institute, and all participants gave their written informed consent 

prior to the experiment; parental consent was provided for players younger than 18 years.

In situ test
The in situ test was identical to the one described by Van Maarseveen, Oudejans, and 

Savelsbergh (2017). The test comprised 3 versus 3 small-sided games (i.e., three attackers 

vs. two defenders and a goalkeeper) because these games are considered to comprise 

the basics of the game of soccer according to the Dutch Royal Soccer Association (KNVB; 

Dokter, 1993), and many more behavioural observations are possible in a given period 

of time when compared to an 11 versus 11 game (Davids, Araujo, Correia, & Vilar, 2013). 

Games were played on a field of 40 m × 25 m (field dimensions were advised by the head 

coach). The six players started at specific locations (Figure 4.1) and played according 

to the official soccer rules, including the use of the offside rule. In each test session 

participants played five times in each of the playing positions. In total, eight test sessions 

were conducted across 4.5 months, resulting in a total of 733 trials, an average of 34 trials 

per participant per playing position. The test sessions were video recorded using a Go-

Pro Hero 3 camera (Black Edition, resolution 1920 × 1080 pixels, 30 Hz; Go-Pro, USA) that 

was fixed on a 6.5-m high platform (Showtec LTB-200/6 Lifting Tower, The Netherlands) 

behind the goal being defended by the attacking team. 
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The performance of the participants was assessed using the notational system designed 

by Van Maarseveen et al. (2017). In this system at any one point in time each player 

has one of three roles: attacker with ball, attacker without ball, and defender. For each 

role, the possible actions and outcomes as well as the a priori determined number of 

points a player earns when performing that action (and the consequent outcome) were 

determined by two experts with over 25 years of experience in coaching soccer at a 

national and international level (see Table 4.1). For example, when an attacker with the 

ball shoots at the goal but the shot is saved by the goalkeeper, the player earns nine 

points. A slightly different approach was used to evaluate the positioning of a player, 

with earns nine points. A slightly different approach was used to evaluate the positioning 

of a player, with the duration of time that the player was open or marked being registered 

and used to calculate the percentage of time a player spent in each of the positioning 

categories (“Open, own half, centre”; “Open, own half, side”; “Open, opponents’ half, 

centre”; “Open, opponents’ half, side”; “Marked”). The overall score for positioning was 

calculated by multiplying the percentage of time in each category by the number of 

points allocated to that specific category (Table 4.1). For example, when a player was 

open in her own half, in the centre of the field, for 30% of the total time, then this player 

received 0.30 × 2 = 0.6 points for this positioning category (for more details see Van 

Maarseveen et al., 2017).

 The video footage of the in situ test was analysed frame by frame so that all actions 

and the consequent outcomes were registered for each player on the field. Subsequently, 

performance scores were determined by calculating the average number of points per 

trial that a player received in each of the three roles, and summing those scores into an 

overall performance score. Van Maarseveen et al. (2017) validated the notational system 

on highly talented youth soccer players. Besides high content and ecological validity, 

they showed significant concurrent validity (i.e., correlation between the performance 

scores attained with the notational system and judgments of the head coach; τs > .397, 

ps < .05), construct validity (i.e., ability of the notational system to discriminate the high- 

and low-skilled players, ts > 2.505, ps < .05, rs > .69), and reasonably good intra- and inter-

observer reliability (intra: mean percentage of error = 5.7%, correlation rs > .87, ps < .001; 

inter: mean percentage of error = 13.7%, correlation rs > .89, ps < .001, except for one 

category of positioning r = .39, p < .05). Two participants did not participate in the in situ 

test because of injury and therefore were excluded from the study.
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Table 4.1. Actions, outcomes, definitions, and allocation of points of notational system.

Figure 4.1. Snapshot of video clip of the small-sided game. Players are located at their specific starting 
positions.

Role Action Outcome Definition Points
Attacker with  ball

Shooting The attacker shoots at goal and …
Goal … scores 12
Blocked by defender … the shot is blocked by a defender 6
Saved by goalkeeper … the shot is saved by the goalkeeper 9
Post/crossbar … the ball hits the post or crossbar 9
Wide/over … the ball goes wide or over the goal (within 1 m) 6
Far wide/far over … the ball goes far wide or over the goal (more than 1 m) 0

Passing The attacker passes the ball …
Successful, towards teammate in 
promising position

… and a teammate in a promising position receives the ball 5

Successful, forward … forward to a teammate who receives the ball 2
Successful, backward … sideways or backward to a teammate who receives the ball 1
Intercepted …  and a defender or goalkeeper intercepts the ball 0
Offside … towards a teammate in offside position 0
Out of play … out of play 0

Dribbling The attacker moves the ball, after receiving and prior to passing/
shooting, (without a near defender) and …

Maintain ball possession, towards 
promising position

… the attacker maintains ball possession and moves towards a 
promising position

5

Maintain ball possession, forward … the attacker maintains ball possession and moves forwards 2
Maintain ball possession, to the side 
or backward

… the attacker maintains ball possession and moves to the side 
or backwards

1

Ball possession lost … the attackers loses ball possession 0
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Offensive 1:1 duel The attacker with ball and defender approach within 1 m, the 
defender is next to or in front of the attacker, and …

Attacker wins and overtakes … the attacker wins the duel and overtakes the defender 5
Attacker retains ball possession but 
goes back

… the attacker maintains ball possession but does not overtake 
the defender

3

Defender plays ball out of play … the defender plays the ball out of play 2
Defender wins ball possession and 
can continue directly

… the defender conquers ball possession and is able to continue 
to play immediately

0

Defender wins ball possession but 
cannot continue directly

… the defender conquers ball possession and is not able to 
continue to play immediately

0

Receiving The attacker receives the ball and …
Under control … controls it 1
Out of control … does not control it 0

Foul The attackers makes a foul 0
Attacker without ball

Running action The attacker off the ball accelerates or moves in another direction 
than the flow of the game and …

Defender follows, creating more 
space for ball carrier

… a defender follows the attacker, hereby creating more space 
for the ball carrier

2

Got open on own half … the attacker gets open on his own half of the playing field 2
Got open on opponent’s half … the attacker gets open on the opponents’ half of the playing 

field
4

Wrong direction/timing … the attacker does not get open and the defender does not 
follow him

0

Offside The attacker is in offside position 0
In promising position The attacker is in a promising position, that is, inside the penalty 

box and a 2 m wide line from the attacker towards the goal is open
7

Foul The attacker off the ball makes a foul 0
Positioning A 1 m wide line from the ball carrier to the attacker off the ball 

is …
Open, own half, centre … open, and the attacker off the ball is on his own half of the 

field and in the centre
2

Open, own half, side … open, and the attacker off the ball is on his own half of the 
field and at the side

1

Open, opponents’ half, centre … open, and the attacker off the ball is on the opponents’ half of 
the field and in the centre

5

Open, opponents’ half, side … open, and the attacker off the ball is on the opponents’ half of 
the field and at the side

3

Marked … marked by a defender 0
Defender

Defensive 1:1 duel The defender and attacker with ball approach within 1 m, the 
defender is next to or in front of the attacker, and …

Attacker wins and overtakes … the attacker wins the duel and overtakes the defender 0
Attacker retains ball possession but 
goes back

… the attacker maintains ball possession but does not overtake 
the defender

2

Table 4.1. Continued
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Note: Reproduced from Van Maarseveen et al. (2017) with permission.

Defender plays ball out of play … the defender plays the ball out of play 2
Defender wins ball possession and 
can continue directly

… the defender conquers ball possession and is able to continue 
to play immediately

6

Defender wins ball possession but 
cannot continue directly

… the defender conquers ball possession and is not able to 
continue to play immediately

4

Defensive pressure The defender accelerates towards the attacker with ball and 
approaches within 2 m (and more than 1 m) and …

Attacker goes forward … the attacker with ball moves forward 0
Attacker goes backward … the attacker with ball moves to the side or backwards 3
Towards 1:1 duel … the defender approaches to within 1 m and a 1:1 duel follows 2

Intercepting The defender intercepts a pass and …
Under control … controls the ball 6
No control … does not control the ball 2

Blocking shot The defender blocks a shot at goal and …
Defender got ball possession … the defender gains ball possession 5
Defender  got no ball possession … the attackers maintain ball possession 2

Offside trap The last defender steps forward to put an attacker offside and …
Well executed … the defender wins ball possession due to offside 3
Not well executed … the timing is not correct and thus the attackers maintain ball 

possession
-3

Foul The defender makes a foul …
Inside penalty area … inside the penalty area -9
Own half … on his own half -6
Opponent’s half … on the opponents’ half -3

Table 4.1. Continued
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Perceptual-cognitive skill tests
Stimulus materials

The test stimuli for the perceptual-cognitive skill tests were identical to those used by Van 

Maarseveen et al. (2015) and consisted of short video clips (5 to 10 seconds) of similar 3 

versus 3 small-sided games to those experienced in the in situ test, but recorded one year 

earlier. The video images were recorded using the same camera set-up as that employed 

during the in situ tests—that is, an elevated camera behind the goal defended by the 

attacking team. The elevated filming position was used to give a good overview of the 

situation and to help the participants in perceiving depth (Mann, Farrow, Shuttleworth, 

& Hopwood, 2009). The video clips ended at a decisive moment in the game (i.e., the 

onset of a shot, pass, or dribble). In order to mask irrelevant distracting features (e.g., 

other players who did not participate), the area outside the playing field was made black 

using Adobe Premiere Elements 9 (see Figure 4.1). To ensure that the video clips contained 

structured game play exemplifying the participants’ level of play, two highly experienced 

soccer coaches (each held the highest coaching qualifications in the country and had over 

25 years of coaching experience at national and international level) independently rated 

the video clips on a 10-point Likert-type scale (0 = completely unstructured, 10 = completely 

structured), and only clips rated by both coaches with scores 7 or higher were selected (cf. 

Gorman et al., 2012, 2013; North & Williams, 2008; North et al., 2009).

 Fourteen video clips were selected and were included in three occlusion conditions in the 

anticipation and decision-making test: occluded at the moment of foot–ball contact, and 

100 ms (3 frames) prior to and 100 ms (3 frames) after foot–ball contact, as is a common 

way to test anticipation and decision-making skill (cf. Williams, Davids, & Williams, 1999). 

For the pattern recall test the moment of occlusion is arbitrary (as long as it occurs at a 

moment of structured game play), and therefore only the 14 video clips occluded at the 

moment of foot–ball contact were used in this test. Two additional video clips were selected 

as familiarization trials and were used in each test.

Procedure
Participants performed the perceptual-cognitive skill tests while seated in front of a large 

screen (i.e., the distance between the participant and the screen was about 2.5 m) onto 

which a projector (ASK Proxima C175, resolution 1024 × 768) displayed the video clips 

with an image that subtended a viewing angle of approximately 23° horizontally and 18° 

vertically. The participants wore SensoMotoric Instruments (SMI; Teltow, Germany) Eye 

Tracking Glasses, a binocular eye tracking device that recorded eye movements at 24 Hz. 

A one-point calibration (as advised by the manufacturer) using a small cross in the centre 

of the screen was performed before starting each perceptual-cognitive skill test. Each test 

started with instructions and two familiarization trials. The test video clips were displayed 

in random order, and the order of the tests was counterbalanced across participants.
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The video clips were displayed, and in the anticipation and decision-making tests the 

clips were replaced immediately afterwards with a response slide showing buttons for 

four possible options: shoot, dribble, pass to the left teammate, and pass to the right 

teammate. In the anticipation test, the participants had to select the option that they 

thought the ball carrier in the video clip was going to perform at the moment of occlusion, 

and in the decision-making test, the participants had to select what they thought was the 

best option for the ball carrier. In the pattern recall test, at the moment of occlusion the 

video clips were replaced with an image of a blank playing field. The participants were 

asked to recall the last seen positions of the players and the ball by dragging Xs, Os, and 

a small star towards the respective positions of the defenders, attackers, and the ball 

(see also Van Maarseveen et al., 2015). No instructions were given about the speed of 

response, and hence no analyses were conducted on response times.

Data analysis
For the decision-making test, the correct responses were determined by two highly 

experienced soccer coaches (taking into account the average playing level of the 

participants) until consensus was reached for every trial. Response accuracy was 

calculated by the number of correct responses divided by the number of trials, for both 

the decision-making and the anticipation test.

 Since previous research on pattern recall tests have shown that (a) experienced 

athletes anticipate the locations of the players further in advance of their actual finishing 

point (Gorman et al., 2012; Van Maarseveen et al., 2015), and (b) the disruptive effects of 

the 2D perspective of the video clip should be taken into account (Van Maarseveen et al., 

2015), we assessed anticipatory pattern recall scores and used two methods to correct for 

the perspective effects: real-world coordinates and geometric pattern features, identical 

to those in Van Maarseveen et al. (2015). For the real-world coordinates method, the 

pixel coordinates were first transformed into real-world coordinates (using Direct Linear 

Transformation; Abdel-Aziz & Karara, 1971), and then the spatial error of the recalled 

player positions was calculated for the final frame of the video clip and for 60 subsequent 

frames. The smallest recall error was identified and was recorded as the anticipatory 

recall score. For the geometric pattern features method, the angles between the three 

attackers and the angles between the three defenders were calculated and compared 

to the answer templates of the final frame and the 60 subsequent frames. The smallest 

average error across the attackers and defenders indicated the anticipatory pattern 

feature score.

 Malfunctioning of the eye-tracker (e.g., calibration problems) reduced the amount of 

gaze behaviour data. With our main focus being to analyse differences in gaze behaviour 

between the three perceptual-cognitive tests, gaze behaviour data of a particular video 

clip were only included in the analyses if they were available for all three tests for a 
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particular participant. This means that only video clips occluded at the moment of foot–

ball contact could be included to make valid comparisons across the three test-types, as 

this occlusion condition was the only one used in the test of pattern recall). This resulted 

in a total of 264 trials (88 video clips × 3 tests) originating from 13 participants.

 The gaze behaviour was analysed frame by frame for the duration of the video clips. 

A fixation was defined as gaze maintained on any area of the video display for a period 

equal to or in excess of 125 ms or three sequential frames (cf. Savelsbergh et al., 2002; 

Vaeyens, Lenoir, Williams, Mazyn, et al., 2007; Vaeyens, Lenoir, Williams, & Philippaerts, 

2007; Williams & Davids, 1998). The gaze behaviour of 30 randomly selected trials (i.e., 

11%) was recoded by the same experimenter to assess intra-rater reliability, and a second 

experimenter independently coded 35 random trials (i.e., 13%) to determine inter-rater 

reliability. The intra-rater and inter-rater reliability both indicated good to almost perfect 

agreements (Hallgren, 2012), κ = .86 and κ = .79, respectively.

 For each of the three tests, the four commonly used dependent variables, search 

rate, fixation duration, percentage viewing time, and fixation order, were calculated for 

each trial and were then averaged to provide a mean value for each participant. Search 

rate was defined as the number of fixations per second, the mean fixation duration was 

determined per trial, and the percentage viewing time was calculated as the percentage 

of total viewing time spent on each of 10 areas of interest: attacker in possession of the 

ball (AB), attacker without ball (A), defender (D), goal keeper (GK), ball (B), field/space 

(F), central spot in field/space (CF), attacker with ball closely marked by defender (AB/D), 

attacker without ball closely marked by defender (A/D), and other (O). The fixation order 

referred to the search strategy that was used by the participants and was calculated 

for each trial as the number of times per second that participants alternated their gaze 

between the player in possession of the ball, some other area in the video clip, and 

back to the player in possession of the ball (cf. Vaeyens, Lenoir, Williams, Mazyn, et al., 

2007; Vaeyens, Lenoir, Williams, & Philippaerts, 2007; Williams & Davids, 1998; Williams, 

Davids, Burwitz, & Williams, 1994).

 To gain more insight into the visual search strategies of the participants, we analysed 

to what degree the gaze behaviour was structured or randomly distributed by calculating 

gaze entropy (Allsop & Gray, 2014; Button, Dicks, Haines, Barker, & Davids, 2011; Ryu, 

Mann, Abernethy, & Poolton, 2016) for each test for each participant. To do this, we 

first calculated the number of fixation transitions between the 10 areas of interest by 

producing a first-order transition frequency matrix of p(i to j), in which i represents the 

area of interest before the transition, and j represents the area of interest after the 

transition. Separate matrices were calculated for each participant and for each test, and 

these were converted into conditional transition probability matrices of p(j|t), which 

gives a first-order Markov process where the probability of fixating on the jth area of 

interest is calculated, given that the previous fixation was on the ith area of interest. 
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Gaze entropy can then be calculated using Ellis and Stark’s (1986) equation:

In which p(i) is the zero-order probability of fixating on the ith area of interest (based 

on the percentage of total viewing time towards it), p(j|i) is the conditional probability 

of viewing area of interest j if the previous fixation was on area i, and n is the number 

of areas of interest (i.e., 10 in the current study). A higher entropy value represents a 

greater level of randomness in the gaze behaviour.

Statistical analyses
We performed some manipulation checks to examine the internal validity of the 

perceptual-cognitive skill tests and any learning effects as a result of watching the same 

video clips multiple times. For both the anticipation and decision-making tests, the 

accuracy scores of the three occlusion conditions (i.e., −100 ms, 0 ms, and +100 ms) were 

subjected to a repeated measures analysis of variance (ANOVA). To analyse whether 

there was a learning effect due to the repeated presentation of each of the 14 clips within 

one test, a repeated measures ANOVA was conducted on the accuracy scores of the first, 

second, and third presentation of the clips within the anticipation test and decision-

making test separately. In addition, the accuracy scores of participants performing a test 

as the first, second, or third test were compared for each perceptual-cognitive skill test 

using one-way ANOVAs to check whether there was any learning effect as a result of 

using the same video clips in all three perceptual-cognitive skill tests.

 Pearson’s correlation coefficients were calculated to investigate the relationship 

between the performance scores in situ and in the three tests of perceptual-cognitive 

skill, and for any relationship between the in situ performance scores and the gaze 

measures on the three tests. Also, a regression analysis was performed to examine 

whether the in situ performance score could be predicted by the perceptual-cognitive 

skill test scores. Moreover, we performed a median split on the in situ performance scores 

and used independent samples t-tests to see whether there were any differences in how 

the best and worst performing players in situ fared on the tests of perceptual-cognitive 

skill, and, vice versa, we performed median splits on the performance scores of the tests 

of perceptual-cognitive skill and examined whether there were any differences in the 

in situ performance scores. Mean values for the gaze behaviour variables search rate, 

fixation duration, fixation order, and entropy were compared across the three perceptual-

cognitive tests using separate three-way repeated measures ANOVAs. Percentage 

viewing time was analysed using a 10 (area of interest) × 3 (perceptual-cognitive skill 

test) ANOVA with repeated measures on both factors. A Greenhouse-Geisser correction 

was applied to the degrees of freedom when the assumption of sphericity was violated.
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Results

Manipulation checks
Occlusion

For the anticipation test, there was a significant effect of occlusion time on the accuracy 

scores, F(1.58, 33.16) = 10.351, p < .001, ƞp
2 = .330. Pairwise comparisons revealed that 

the –100-ms occlusion condition was more difficult (M = 64.6%, SD = 10.5) than the 0-ms 

(M = 71.1%, SD = 10.2) and +100-ms (M = 74.0%, SD = 9.2) occlusion conditions (p < .001; 

p < .05, respectively). There was no difference between the 0-ms and +100-ms occlusion 

(p = .726). For the decision-making test, there was no significant effect of occlusion on 

the decision-making test scores, F(2, 42) = 0.554, p = .579, ƞp
2 = .026.

Learning effects
No significant differences were found between the accuracy scores of the individual 

video clips that the participants saw for the first, second, or third time in the anticipation 

test, F(2, 42) = 0.319, p = .729, ƞp
2 = .015, nor in the decision-making test, F(2, 42) = 1.144, 

p = .328, ƞp
2 = .052. The order in which the three tests were presented had no impact on 

the results, with no significant differences found between participants who performed 

each test as the first, second, or third of the three tests (anticipation test, p = .334, 

ƞp
2 = .109; decision-making test, p = .646, ƞp

2 = .045; or pattern recall test expressed in 

real-world coordinates, p = .936, ƞp
2 = .007, or pattern recall features, p = .409, ƞp

2 = .090). 

Thus, there were no learning effects during or across the tests as a result of repetitively 

watching the same video clips.

Relationship between performance on the in situ and 
perceptual-cognitive skill tests

The correlations between the in situ performance score and the scores for the anticipation, 

decision-making, and pattern recall tests can be found in Table 4.2. There were no 

significant correlations between the in situ performance score and any of the three tests 

of perceptual-cognitive skill (rs < .262, ps > .265). No significant regression equation was 

found that could predict the in situ performance score on the basis of performance in 

the perceptual-cognitive skill tests, F(4, 15) = 1.074, p = .404. Furthermore, after a median 

split on the in situ performance scores had been performed, the performance of the high- 

and low-performing participants was compared on the perceptual-cognitive skill tests. 

There were no significant differences between the best and worst performing players on 

the anticipation test, t(18) = 0.310, p = .760, d = 0.15, decision-making test, t(18) = −0.882, 

p = .389, d = 0.42, and pattern recall test expressed in real-world coordinates, t(18) = 1.309, 

p = .207, d = 0.62, or expressed in pattern features, t(18) = 0.087, p = .932, d = 0.04. And 

vice versa, after performing median splits on the performance scores of the perceptual-
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cognitive skill tests, no differences were found between the best and worst performing 

players on the in situ test, ts < 0.960, ps > .350, ds < 0.46. 

 The correlations between performance on the three tests of perceptual-cognitive skill 

can also be found in Table 4.2. Again there were no significant relationships between 

performance on any of the three tests (rs < .354, ps > .106). The only significant correlation 

was a predictable one between the two varieties of pattern recall score (r = .553, p < .05)—

that is, the pattern recall score expressed in real-world coordinates and the pattern recall 

score expressed in pattern features.

Table 4.2. Correlations between in situ score and anticipation, decision-making, and pattern recall 
scores.

1 2 3 4
1 In-situ score
2 Anticipation .138
3 Decision-making -.204 .017
4 Pattern recall real world coordinates .262 -.354 .273
5 Pattern recall features .079 -.085 .306 .553*

Note. 1-4 across the top equal 1-4 reported in the first column. * p < .05.

Table 4.3. Correlations between in situ score and gaze behaviour on the anticipation, decision-making, 
and pattern recall tests.

    Anticipation Decision-making Pattern recall
Search rate .090 .103 .350
Fixation duration .031 .101 -.330
Fixation order .261 -.590 .207
Entropy .373 .468 .384
Area of Interest

AB .299 .190 .342
A -.272 -.241 -.041
D .028 .209 -.463
GK -.208 .104
B -.059 -.662* -.174
F .068 .219 .281
CF .074 .569 .004
A/D .250 -.215 -.207
AB/D -.040 -.223 -.373

  O -.267 -.030 .181
Note. Areas of Interest: Attacker in possession of the ball (AB), attacker without ball (A), defender (D), 
goal keeper (GK), ball (B), field/space (F), central spot in field/space (CF), attacker without ball closely 
marked by defender (A/D), attacker with ball closely marked by defender (AB/D), and other (O). * p < .05.
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The correlations between the in situ performance score and the gaze behaviour variables 

of the perceptual-cognitive skill tests can be found in Table 4.3. Again almost none of the 

gaze variables were significantly related to in situ performance, with the exception being 

a significant correlation between the in situ performance score and the percentage of 

time the participants watched the ball during the decision-making test (r = −.662, p < .05), 

indicating that participants who scored high on the in situ test watched the ball less 

during the decision-making test. 

Gaze behaviour
Search rate

The mean search rate (and SD) for each test is displayed in Figure 4.2A. There was a 

significant effect of test on the mean search rate, F(2, 24) = 10.021, p < .001, ƞp
2 = .455. Post 

hoc Bonferroni corrected pairwise comparisons revealed that the differences were largely a 

result of the differences in gaze when performing the test of pattern recall. Participants made 

significantly more fixations per second during the pattern recall test than they did during the 

anticipation test (p < .05, d = 1.18), and the difference between the pattern recall test and the 

decision-making test approached significance (p = .077, d = 0.80). The difference between the 

anticipation test and the decision-making test was not significant (p = .184, d = 0.44). 

Fixation duration
The mean fixation duration (and SD) for each test is displayed in Figure 4.2B. There 

was a significant effect of test on the mean fixation duration, F(2, 24) = 6.753, p < .05, 

ƞp
2 = .360. Again the post hoc Bonferroni corrected pairwise comparisons revealed that 

the differences in fixation duration were largely a result of fixations of shorter duration 

during the test of pattern recall: The fixation duration was significantly shorter during the 

test of pattern recall than it was during the test of anticipation (p < .05, d = 0.98), and the 

differences with the decision-making test approached significance (p = .059, d = 0.68). 

The mean fixation durations during the decision-making test and anticipation test were 

not significantly different (p = .915, d = 0.26).

Fixation order
The mean fixation order (and SD) for each test is displayed in Figure 4.2C. There was a 

significant effect of test on the mean fixation order, F(2, 24) = 6.5510, p < .05, ƞp
2 = .353. 

Post hoc Bonferroni corrected pairwise comparisons revealed the difference to be a result 

of significantly fewer fixation shifts (from the ball carrier to another location and back) in 

the test of pattern recall than in the test of decision making (p < .05, d = 1.34). There were 

no differences in fixation order between the decision-making and the anticipation test, 

and between the pattern recall test and the anticipation test (p = .433, d = 0.55; p = .112, 

d = 0.94, respectively).
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Gaze entropy
The mean gaze entropy (and SD) for each test is displayed in Figure 4.2D. The test 

performed by the participant had a significant effect on gaze entropy, F(2, 24) = 8.638, 

p < .05, ƞp
2 = .419. Again the difference was largely a result of a difference in the test of 

pattern recall, with gaze entropy being significantly higher, and thus less structured, in 

the test of pattern recall than it was in the test of anticipation (p < .001, d = 0.72). The 

difference in entropy between the tests of anticipation and decision making approached 

significance (p = .078, d = 0.54). The entropy during the decision-making test and the 

pattern recall test did not differ (p = .826, d = 0.27).

Figure 4.2. Mean search rate (A), fixation duration (B), fixation order (C), and entropy 

(D) for the anticipation, decision-making, and pattern recall tests. Error bars represent 

standard deviation; *p < .05, **p < .001.
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(C)

(B)
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* *
0.59
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Percentage viewing time
The percentage viewing time per area of interest, separated for each test, is displayed 

in Figure 4.3. A significant main effect was found for area of interest, F(9, 108) = 94.208, 

p < .001, ƞp
2 = .887, but this was overridden by a significant area of Interest × Test 

interaction effect, F(18, 216) = 11.835, p < .001, ƞp
2 = .497. Post hoc analyses revealed that 

once again the differences were largely due to differences in the test of pattern recall, 

with participants looking less at the attacker with ball than they did during the tests of 

anticipation and decision making (both ps < .001, ds > 2.26). Participants looked more at 

a central location in the visual field during the pattern recall test than during the other 

tests (both ps < .05, ds > 1.55), and they tended to look less at the attackers without the 

ball during the pattern recall test than during the anticipation test (p = .061, d = 0.97). 

General discussion

The aim of this study was to examine how well in situ performance in a small-sided soccer 

game could be predicted using video-based perceptual-cognitive skill tests of anticipation, 

decision making, and pattern recall. We also examined the degree to which the three tests 

of perceptual-cognitive skill were related by exploring the correlations between the tests 

and the similarity of the gaze of participants when performing those tasks. The findings 

reveal that the in situ performance of the soccer players could not be predicted by their 

performance on the tests of perceptual-cognitive skill. Moreover, even a median split of the 

participants on the basis of their in situ performance score failed to reveal any significant 

differences in performance on any of the three tests of perceptual-cognitive skill, and, 

vice versa, median splits on the performance scores of the perceptual-cognitive skill tests 

failed to reveal significant differences in in situ performance scores. These findings indicate 

that the traditional video-based tests of anticipation, decision making, and pattern recall 

may not be as strong a determinant of actual performance as has been previously been 

assumed, and therefore caution is required at this stage in using them as conventional tests 

of talent in dynamic time-constrained motor tasks.

 There are a number of possible explanations for the lack of any relationship between 

performance on the in situ test of playing ability and on the video-based tests of perceptual-

cognitive skill. First, it could be that the perceptual-cognitive skills that were tested in this 

study are not necessary requirements of actual performance in game situations (Ward, 

Williams, & Hancock, 2006; Williams & Ericsson, 2005) and consequently would not reflect 

the processes required for optimal on-field performance. This is possible but seems unlikely 

given the consistent finding of expert-related differences in performance on these types of 

tasks (Abernethy & Russell, 1987; Gorman et al., 2012; Helsen & Pauwels, 1993; Savelsbergh 

et al., 2002; Vaeyens, Lenoir, Williams, Mazyn, et al., 2007; Williams & Ward, 2007).
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 Second, it could be that the perceptual-cognitive skill tests are not sufficiently 

representative of the actual performance setting. The perceptual-cognitive skill tests 

are video based, and these video displays provide a less than veridical simulation of the 

visual information that is available in the natural performance setting (Abernethy, Gill, 

Parks, & Packer, 2001; Dicks et al., 2009). Projecting 3D visual information onto a 2D 

display causes a loss of stereoscopic depth information and a reduction in visual field and 

object size (Abernethy et al., 2001), and in this way it is difficult to adequately maintain 

the dynamic nature of the situation (Mann et al., 2007). Furthermore, the participants in 

this study were required to respond to the video clips using a button-press on a keyboard, 

meaning they were required to make a perceptual judgement and not to pick up 

information to control their movements or actions. According to the two-visual system 

model of Milner and Goodale (1995), excluding action from the participant response 

would diminish the contribution of the dorsal “vision-for-action” system (Van der Kamp 

et al., 2008). Although the implications of the distinction between perception and action 

have previously been shown to be particularly relevant for anticipation (Dicks et al., 

2009; Mann et al., 2007; Van der Kamp et al., 2008), it seems reasonable to expect similar 

implications for the test of decision making (see Oudejans et al., 1996). The current study 

did not reveal expertise differences in any of the perceptual-cognitive tests. It is possible 

that expertise-related differences in performance on tests of anticipation and decision 

making could be found if those tests incorporated suitable movement responses. The 

Figure 4.3. Mean percentage viewing time per area of interest for the anticipation, decision-making, 
and pattern recall tests. Attacker in possession of the ball (AB) , attacker without ball (A), defender (D), 
goal keeper (GK), ball (B), field/space (F), central spot in field/space (CF), attacker without ball closely 
marked by defender (A/D), attacker with ball closely marked by defender (AB/D), and other (O). Error 
bars represent standard deviation; *p < .05, **p < .001.
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same probably cannot be said for the test of pattern recall, as there is unlikely to be an 

equivalent test to the one used here that would incorporate an action.

 Third, in contrast to those previous studies that have shown perceptual-cognitive 

skill differences between levels of expertise, the current study has shown that these 

video-based tests appear to be unsuitable to detect within-group differences between 

athletes of a comparable skill level. The expert–novice paradigm that is heavily relied 

on in studies of expertise compares the performance of participants who possess 

very different levels of skill. However, in a within-group comparison the more subtle 

differences between more successful and less successful performers within a group are 

compared. It could be that the video-based tests of the type used in this study are not 

specific enough to detect these more subtle within-group differences. Moreover, it could 

be that performance on the perceptual-cognitive skill tests is a by-product rather than a 

characteristic of expertise (though see Williams & Davids, 1995). This would suggest that 

caution is necessary regarding the type of scenarios and tests in which these video-based 

perceptual-cognitive skill tests are used.

 Finally, it could be argued that the sensitivity of the in situ test of playing ability might 

be insufficient to pick up on any differences in skill level between the players. It could 

be that the measure of in situ performance is too broad, and encapsulates other factors 

like speed, physical fitness, or motor skills. Or it could be that the in situ measure is not 

sensitive enough to differentiate on-field performance. However, Van Maarseveen et 

al. (2017) showed that both the concurrent validity and construct validity of the in situ 

performance measure were good in a homogeneous skilled group of soccer players—that 

is, the performance scores measured using the notational analysis system significantly 

correlated with the subjective judgments of a highly experienced coach, and the 

notational analysis system demonstrated good ability to discriminate between the high- 

and low-skilled players within the group. Therefore, it seems unlikely that the in situ 

performance measure is responsible for the lack of any significant relationship between 

the scores of playing ability and perceptual-cognitive skill measured in this study.

 This study provides some evidence to suggest that the tests of perceptual-cognitive 

skill are testing unique attributes that are not strongly related to each other. In particular, 

pattern recall skill does not appear to be the underpinning skill that supports anticipation 

and decision making, as has been previously suggested (e.g., Farrow et al., 2010; Gorman 

et al., 2012, 2013; Williams & Davids, 1995). The outcome measures for performance on 

the three tests of perceptual-cognitive skill provide the best evidence to suggest that all 

three tests are different, with there being no significant correlations between performance 

on any of those three tests (ps > .106). This is consistent with earlier studies that have 

found no significant correlation between the anticipation and pattern recognition skills 

of expert soccer players (North et al., 2009), and between the anticipation and pattern 

recall skills of expert rugby players (Farrow et al., 2010). Our findings highlight the 
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need for a better understanding of the types of perceptual-cognitive skills required to 

attain expert performance, and whether there are other attributes that may underpin 

those skills. For example, future research could incorporate a test of long-term working 

memory to determine whether performance on any of the perceptual-cognitive tests is 

predicted by or related to long-term working memory (Ericsson & Kintsch, 1995).

 However, in contrast to the performance measures, the evidence for unique attributes 

is less clear on the basis of the measurement of gaze when performing those tests. Based 

on the original findings of Yarbus (1967) and more recently on those in the sport domain 

(Gorman et al., 2015; North et al., 2009), we reasoned that differences in gaze behaviour 

when performing the tests would provide support for the idea that different underlying 

processes drive the way that the three different perceptual-cognitive tests are performed 

(Gorman et al., 2015; North et al., 2009). Gaze behaviour when performing the test of 

pattern recall was clearly different to that when performing the other two tests, with 

significant differences found for each of the five measures of gaze behaviour (search rate, 

fixation duration, fixation order, entropy, and percentage time spent viewing the areas of 

interest) when compared to the way that the tests of anticipation and/or decision making 

were performed. This provides strong evidence for the unique characteristic being tested 

when performing a test of pattern recall. During the pattern recall test the participants 

maintained a high search rate, presumably to scan and memorize the locations of the 

pattern elements as accurately as possible. They also looked more towards the centre of 

the field of view and tended to look less at the attackers than during the anticipation and 

decision-making tests, probably extracting information from outside the central area 

using peripheral vision to get a better overview of the pattern of play (Abernethy, 1988; 

Ryu, Abernethy, Mann, & Poolton, 2015; Ryu, Abernethy, Mann, Poolton, & Gorman, 

2013). The evidence for differences in the way that the tests were performed is less 

clear, though, when comparing the tests of anticipation and decision making, with no 

significant differences between any of the measures of gaze behaviour when those two 

tests were performed. There was only a borderline difference in gaze entropy (p = .078), 

providing some suggestion that gaze was more structured when performing the test of 

anticipation than it was when performing the test of decision making. On the basis of the 

measures of gaze it appears that the underlying processes responsible for anticipation 

and decision making might be much less distinct than that responsible when performing 

the test of pattern recall.

 It does appear on balance, though, that participants did perform different tasks 

when performing the tests of anticipation and decision making. The instructions to 

participants in the test of anticipation were to predict what would happen next in 

the clip, and in the test of decision making to choose the best option available to the 

ball carrier at the moment of occlusion. It is possible, though, that the participants 

completed the anticipation test as they would the decision-making test, or, vice versa, 
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completed the decision-making test as they would a test of anticipation. Participants 

chose the same response on the tests of anticipation and decision making in only 65% 

of cases (SD = 10%), providing some suggestion that the tasks were done differently 

(participants chose between four alternatives, and therefore the likelihood of identical 

answers was 25% by chance). However, much stronger evidence that the tests were 

performed in a unique fashion was found in the lack of correlation between the test 

scores for anticipation and decision making, and by the fact that, as expected, we found 

a significant effect of occlusion condition on the accuracy scores in the anticipation test, 

meaning that providing the participants with more information (i.e., a later occlusion 

condition) resulted in better accuracy scores, whereas in the decision-making tests we 

did not find an effect of occlusion condition. Thus in the decision-making test, providing 

the participants with more information did not result in better accuracy scores, indicating 

that they did not anticipate in the decision-making test. Overall, this implies that the 

participants approached these two tests differently and that these tests did not measure 

the same quality.

 The findings of the present study highlight that perceptual-cognitive skill tests in 

their current form might not be sufficiently representative of on-field performance to 

reliably test for differences in skill between players of dynamic ball sports. Despite the 

findings of earlier studies that have shown video-based tests to be sensitive enough to 

pick up on group-based differences in skill, at present they seem to be less reliable for 

detecting within-group differences. Therefore, the findings question the suitability of 

video-based perceptual-cognitive skill tests for studying perceptual-motor expertise (see 

Dicks et al., 2010), and this suggests that caution is warranted when using these tests 

for talent identification or to evaluate the effectiveness of interventions. Alternatives to 

the paradigms employed in traditional laboratory studies have been provided by recent 

technological advances such as mobile eye tracking devices (Pluijms, Canal-Bruland, 

Kats, & Savelsbergh, 2013; Van Maarseveen, Savelsbergh, & Oudejans, in review), event-

related visual occlusion goggles (Mann et al., 2010; Oudejans, van de Langenberg, & 

Hutter, 2002), and virtual reality (Bideau et al., 2010; Correia, Araujo, Cummins, & Craig, 

2012). In order to accurately capture the perceptual-motor performances of athletes, we 

suggest using in situ research designs so that the task constraints represent as accurately 

as possible the natural performance setting of the athlete and actual movement 

responses are required.
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Conclusion

Our results show that the on-field performance of talented soccer players is not 

predicted by performance on a common set of tests of perceptual-cognitive skill. The 

test of pattern recall appears to be driven by a different underlying process from that 

used when performing tests of anticipation and decision making, with the results of 

the test of pattern recall being unrelated to those of the other two tests and relying on 

significantly different gaze behaviour. Although performance on the test of anticipation 

is unrelated to that on the test of decision making, gaze behaviour remains largely 

unchanged on the two tests providing some suggestion that the underlying processes 

when performing those two tests are less distinct. In situ research designs may be more 

suitable to accurately capture the perceptual-motor performance of athletes so that the 

task constraints and response mode represent as accurately as possible the actual skill 

and context in which the athlete is engaged.
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Abstract

In this study we examined in situ decision-making skills and gaze behaviour of skilled 

female basketball players. Players participated as ball carriers in a specific 3 vs 3 pick-

and-roll basketball play. Playing both on the right and left side of the court and facing 

three types of defensive play, they chose and performed one of four options: shoot, 

drive to the basket, pass to the screener or pass to the corner player. We concurrently 

measured gaze behaviour to examine the direct relationship between gaze and decision 

making. As one of the first studies examining decision making and gaze behaviour in situ, 

this study found support for the embodied choice framework as the results showed that 

handling the ball with the dominant or non-dominant hand influenced the decisions that 

were made. Gaze measures suggested that peripheral vision may serve a significant role 

in decision making in situ, whereas players mainly relied on central vision to execute an 

action.  Furthermore, this study underlined the need for developing and using newer and 

more informative methods to analyse gaze.

Key words
Embodied choice

Visual search strategy

Representative design 
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Introduction

Decision making is an important aspect of sport performance. In invasion games like 

basketball, soccer and hockey, a player has to read the game and decide upon and 

perform an appropriate action in a complex dynamic and time-constrained environment. 

It is well established that experts possess superior perceptual-cognitive skills including 

recognizing and recalling meaningful patterns of play (Gorman, Abernethy, & Farrow, 

2012; Van Maarseveen, Oudejans, & Savelsbergh, 2015), predicting the outcome of 

another person’s action on the basis of pick-up of early visual information (anticipation; 

Abernethy & Russell, 1987; Savelsbergh, Williams, Van der Kamp, & Ward, 2002; Williams 

& Ward, 2007), and making accurate decisions regarding the developing course of action 

(i.e., the ability to select the best possible option from a variety of alternatives; Gorman, 

Abernethy, & Farrow, 2013; Helsen & Pauwels, 1993; Roca, Ford, McRobert, & Williams, 

2011; Vaeyens, Lenoir, Williams, Mazyn, & Philippaerts, 2007; Williams & Davids, 1998; 

Williams, Davids, Burwitz, & Williams, 1994). An interesting question is how athletes 

make decisions in complex and time-constrained situations. This involves both the 

visual information relied upon and the cognitive processes needed to interpret the visual 

information and choose an option. 

 One possible way to gain insight into how athletes make decisions in complex 

and time-constrained situations is through the examination of gaze behaviour. Eye 

registration techniques have been increasingly used in sport science to gain insight into 

the visual search strategies of expert athletes and consequently to use these insights to 

improve the performance of lesser-skilled athletes, for example to enhance the visual 

control of the basketball shot (Oudejans, 2012; Oudejans, Koedijker, Bleijendaal, & 

Bakker, 2005) and the interceptive performance of soccer goalkeepers (Savelsbergh, 

Haans, Kooijman, & van Kampen, 2010). However, there is much unknown about the 

visual information relied upon for skilled decision making in complex dynamic situations. 

This may be due to some substantial limitations to using eye registration techniques 

to gain insight into gaze behaviour (Mann, Farrow, Shuttleworth, & Hopwood, 2009; 

Ryu, Abernethy, Mann, Poolton, & Gorman, 2013; Williams & Davids, 1998; Williams, 

Janelle, & Davids, 2004). First, when fixating at a certain location, this does not mean 

that the observer is able to pick up information from that fixation location; “looking” is 

not necessarily “seeing” (Williams et al., 2004). Second, eye tracking devices measure 

where an observer is foveally fixating, but this does not reveal where the observer’s 

attention is at that time. Many sport situations require integration of information from 

the fovea, parafovea, and visual periphery (Ryu et al., 2013; Williams & Davids, 1998; 

Williams et al., 2004). For example, Ryu et al. (2013) examined the role of central and 

peripheral vision in expert decision making using a gaze-contingent display selectively 

showing video footage to the central or peripheral area of the visual field. When central 
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vision was removed, and thus peripheral vision could only be used, the skilled players 

did not change the amount of time they spent directing their central vision towards the 

ball-carrier in comparison with full vision, even though this meant that the ball-carrier 

could not be seen. This suggests that the participants used the location of the ball-carrier 

as an anchor point and monitored the movement of the other players using peripheral 

vision. Therefore, in normal conditions with full vision, the fixation location could reflect 

the observer’s attention via central vision or could be used as an anchor point to extract 

information from the visual periphery (visual pivot; Ryu et al., 2013; Williams & Davids, 

1998). Third, visual search strategies appear to be very context specific. Watching the 

same situation for different purposes or tasks, results in different visual search strategies 

(Gorman, Abernethy, & Farrow, 2015; North, Williams, Hodges, Ward, & Ericsson, 2009; 

van Maarseveen, Oudejans, Mann, & Savelsbergh, 2016). For example, van Maarseveen 

et al. (2016) found differences in the gaze of soccer players when watching the same 

video clips for the purposes of anticipation, decision making and pattern recall. But also 

with identical purposes the visual search strategies differ when varying number of players 

are displayed in the video clip (Vaeyens, Lenoir, Williams, Mazyn, et al., 2007; Williams 

& Davids, 1998). Finally, it is difficult to capture the visual search strategies employed 

in dynamic sport situations with the traditionally used dependent variables like search 

rate and fixation duration (Mann et al., 2009), and thus there is a need to develop new 

methods to analyse gaze behaviour. Examples include time series graphs (Mann et al., 

2009), eye fixation scan paths (Underwood, Phelps, Wright, van Loon, & Galpin, 2005), 

and the combination of eye tracking and verbal protocols (Williams et al., 2004).

 Moreover, decision-making skills and gaze behaviour have typically been measured 

using simplified video-based tests in which participants do not actually move, but 

respond verbally or by way of a button-press while concurrently wearing an eye tracking 

device. Although these simplified tests offer a significant advantage in terms of their 

methodological rigour and control, there is increasing evidence that these tests do 

not accurately represent the on-field performance they are designed to sample (Dicks, 

Button, & Davids, 2010; Mann, Abernethy, & Farrow, 2010; Mann, Williams, Ward, & 

Janelle, 2007; Pinder, Headrick, & Oudejans, 2015; Travassos et al., 2013; van Maarseveen 

et al., 2016). First, significant differences have been found in both movement and visual 

behaviour when comparing performance on traditional video-based tests with contexts 

that are more representative of the actual performance environment (Dicks et al., 

2010; Mann et al., 2010; Pinder et al., 2015). For example, Dicks et al. (2010) showed 

that soccer goalkeepers made more penalty saves and fixated earlier and longer on the 

ball when actual interception was required compared to when responding to a video 

simulation. Second, meta-analysis has shown that expertise effects are most apparent 

when participants have to perform real actions under in situ task constraints compared to 

simplified responses in less representative environments (Mann et al., 2007; Travassos et 
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al., 2013). Third, (van Maarseveen et al., 2016) have shown that on-field performance of 

soccer players could not be predicted on the basis of performance on video-based tests 

of perceptual-cognitive skill.

 The less representative research designs may be unsuitable to gain insight into expert 

performance in complex domains such as team sports due to decoupling of perception 

and action (Mann et al., 2010; Savelsbergh, Onrust, Rouwenhorst, & Van Der Kamp, 

2006). Decision making is not a serial process, in which the decision is made first and 

then the action is executed, but the perceptual and motor components of decision 

making seem to be intertwined. According to the framework of Embodied Choice “action 

performance is considered as a proper part of the decision making process” (Lepora & 

Pezzulo, 2015, p. 2) and not only the end product of the cognitive decision; instead there 

are bidirectional influences between actions and decisions. This implies that in sports, 

where decisions may be expressed as actions, the action dynamics and constraints 

(e.g., speed, body orientation, or handling the ball with the dominant or non-dominant 

hand or foot) influence the decision making process. Therefore, action and perception 

cannot be examined separately in such a complex domain as sports. This highlights the 

necessity of measuring perceptual-motor skills in the actual performance environment, 

thus using in situ research designs in which a natural perception-action coupling is 

preserved. Surprisingly though, hardly any studies have been conducted on the direct 

relationship between decision-making skills and gaze behaviour using an in situ design 

(for an exception see Martell & Vickers, 2004). The current study is one of the first studies 

examining decision making and gaze behaviour during actual play situations on the 

court (thus in situ), with the aim to directly relate gaze behaviour to decision-making 

performance. To this end, skilled basketball players performed 3 vs. 3 pick-and-roll plays 

on the court. The pick-and-roll is an offensive play in which a player sets a screen (“pick”) 

for his ball handling teammate and then moves (“rolls”) behind the defender towards the 

basket to get open for a pass. In this way, the team mate of the ball carrier blocks out 

the defender, creating space and time for the ball carrier. In this research design, the ball 

carrier had four options after the pick-and-roll: shooting at the basket, driving towards 

the basket followed by a lay-up, passing to the teammate who set the screen or passing 

to an additional teammate in the corner of the court. Playing both on the left and right 

side of the court and facing three different defensive plays, the ball carrier had to decide 

upon and perform one of the four options. We examined the differences in decisions 

among defensive plays and between sides of the court. We expected a different pattern 

of decisions for each of the defensive plays, and for each side of the court as players 

handled the ball with their right hand on the left and with their left hand on the right side 

of the court (based on the framework of Embodied Choice, Lepora & Pezzulo, 2015).

 During the pick-and-roll plays the ball carrier wore a mobile eye tracking device, so 

that we could explore the direct relationship between gaze behaviour and the decisions 
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that were made. As this was the first time this was done, and given the fast amount of 

possibilities of examining gaze behaviour we chose to focus on the differences between 

correct and incorrect decisions. We examined where players looked during the dynamic 

development of each play to gain insight into the visual information that the players 

used to make their decisions and control their actions. Did they scan all four options and 

when and for how long did they look at the option that they chose (if at all)? Was gaze 

behaviour dependent on whether a correct or incorrect decision was chosen? Given the 

exploratory nature of this study we did not have a priori hypotheses concerning gaze 

behaviour.

Method

Participants
Thirteen skilled female basketball players participated in this study (six guards and seven 

forwards; M age = 16.9 years, SD = 1.3; M experience = 8.4 years, SD = 2.5; M length = 

1.79 m, SD = 0.06 m). All played in the national basketball talent program, in which they 

trained about twenty hours a week, played competition in the highest Dutch league for 

women basketball, and all were selected for the Dutch national (youth) team. All players 

were right-handed. The experiment was approved by the ethics committee of the local 

research institute and all participants gave their written informed consent prior to the 

experiment; parental consent was provided for players younger than 18 years.

Equipment
The test took place at the regular training facilities of the national basketball talent program. 

Official FIBA regulation court, basket and women’s basketball (size 6) were used. All trials 

were recorded with a GoPro camera (Hero 3, black edition, GoPro, Inc., USA) from 5m above 

the ground (Figure 5.1). The SensoMotoric Instruments Eye Tracking Glasses (SMI; Teltow, 

Germany; binocular, 24 Hz) were used to record the gaze behaviour of the participants. 

The glasses were connected to a mobile recording unit which was carried in a waist bag 

and enabled the participant to move freely. The Eye Tracking Glasses were calibrated using 

a 3-point calibration and the calibration was checked and adjusted if needed prior to each 

trial. All participants had worn the SMI Eye Tracking Glasses before, so they were familiar 

with wearing the glasses. The process of putting on the glasses, attaching the waist bag 

and calibrating the Eye Tracker took about 5–10 mins.
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Figure 5.1. Snapshots of the GoPro video footage, 3 vs. 3 pick and roll with defensive play ‘under’, 
‘over’, and ‘hedge’. 

Under

Over

Hedge
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Procedure and design 
The test consisted of 3 vs. 3 pick and roll plays, that is, two offensive players played a pick 

and roll and one additional offensive player was in the corner of the court. The offensive 

players were defended by three defensive players. Each participant participated 36 

times in the pick and roll play as the ball handler, 18 times on the left side of the court 

and 18 times on the right side, counterbalanced across participants. Of those 36 trials, 

the participant wore the SMI Eye Tracker in the first 12 trials, that is, 6 trials on the 

left and 6 trials on the right. The 24 trials without eye tracking glasses were added to 

increase the amount of decision data and the power of the study. Besides the participant  

who played as ball handler, five players of the talent program acted as supporting cast 

(i.e., 2 offensive players and 3 defensive players). The participants performed the 36 trials 

in 3 series of 12 trials, roles were switched after each series. A series of 12 trials took 

about 5 mins. The participant performed the three series on separate days.

 Every trial started with a signal of the experimenter. The participant moved towards 

the experimenter to receive the pass from the experimenter. Then the pick and roll 

play started. The screener set a screen, the ball handler dribbled off the screen and the 

screener moved (‘rolled’) towards the basket. The ball handler had four options: take a 

shot, drive towards the basket for a lay-up, pass to the screener/roller or pass to the 

corner player. Before every trial, the defenders were instructed by the experimenter 

about which defensive play they had to perform: ‘under’, ‘over’ or ‘hedge’. In the defensive 

play ‘under’, the defender who defended the ball handler moved under the screen trying 

to defend the ball handler, in the defensive play ‘over’, the defender followed the ball 

handler and thus moved over the screen, and in the defensive play ‘hedge’, the defender 

of the ball handler and the defender of the screener both stepped out towards the ball 

handler to put her under pressure, see Figure 5.1.

Data analyses
Decision data

For each trial, the decision of the ball handler and the quality of the decision were 

registered. The possible decisions were shoot, drive, pass to the screener/roller and pass 

to the corner player, and in some cases no decision was made as the ball handler lost ball 

possession before making and executing the decision. We compared the trials in which 

the players did or did not wear eye tracking glasses to determine whether wearing the 

eye tracking glasses influenced the decisions that were made by the players. Execution 

time was defined as the duration from catching the ball after receiving the initial pass 

until releasing the ball for pass, lay-up or shot. To analyse the quality of the decisions, 

two coaches of the talent program carefully observed the video footage and indicated, 

for each trial, whether the player made a correct or incorrect decision, and if an incorrect 

decision was made, what the correct decision would have been. Interobserver reliability 
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was assessed on a subset of 78 trials (i.e., 17%), and was found to be substantial, Kappa 

= 0.66, p < .001.

Gaze behaviour data
The recordings of the SMI Eye Tracking Glasses were synchronized with the video 

footage of the GoPro camera using Cyberlink PowerDirector 11 (CyberLink™ Corp). These 

synchronized video files were analysed frame-by-frame for the duration of each trial. 

A trial started when the player caught the ball thrown by the experimenter and ended 

when the player released the ball (for pass, lay-up or shot). A fixation was defined as 

gaze maintained on any location for a period equal to or in excess of 125 ms or three 

sequential frames (cf. Savelsbergh et al., 2002; Vaeyens, Lenoir, Williams, Mazyn, et al., 

2007; Vaeyens, Lenoir, Williams, & Philippaerts, 2007; Williams & Davids, 1998). For each 

player, the first three trials were coded by two experimenters to assess interobserver 

reliability and it was found that Kappa = 0.95, p < .001, an almost perfect agreement.

 To gain insight into the visual search strategies employed by the players we subjected 

the gaze behaviour data to several analyses. First, we examined when the players fixated 

on the option that they chose by creating time series graphs that demonstrated the 

fixations on the chosen option across the progression of the trial, similar to Mann et 

al. (2009). To produce the time series graphs each trial was broken down into intervals 

representing 5% of the total length of the trial (since trial duration was not equal across 

trials), and we calculated the percentage of trials in which the player directed her gaze 

at the chosen option for each 5% increment. We then calculated how often the final 

fixation (i.e., the last fixation in the progression of the trial) was on the option that the 

player chose and how long this fixation was. Second, we were interested in what visual 

information the players relied on before they fixated on the option that they eventually 

chose. Therefore, we examined where the players were looking at prior to the final 

fixation on the chosen option by calculating the percentage of time the players spent 

fixating each of nine fixation locations: ball handler defender (BHD), screener/roller (SR), 

screen defender (SD), corner player (CP), corner defender (CD), ball (Ball), basket (Bask), 

free space in between players (FSI) and free space outside players (FSO). Third, we were 

interested in the scan paths the players displayed and therefore identified two-fixation 

scan paths for each of the chosen options, similar to Underwood et al. (2005). To do so, 

Markov matrices were produced, displaying the probabilities of a transition from any one 

fixation location to any other. Refixations within the same locations were excluded from 

analysis, as we were only interested in transitions from one location to another. Finally, 

we calculated how often the players had fixated on the correct option when they made an 

incorrect decision. In all gaze analyses, we were especially interested in the differences 

between the correct and incorrect decisions.
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Statistical analyses
The mean quality of the decisions in the trials with and without eye tracking glasses were 

analysed using a paired samples t-test. Subsequently, the quality of the decisions was 

analysed with a 3 (defensive play) × 2 (side) ANOVA with repeated measures on both 

factors. The frequencies of decisions were analysed using loglinear analyses, and if 

necessary followed up by likelihood ratio chi-square tests on the different levels of one of 

the variables. Execution time of the correct and incorrect decisions was analysed using 

a paired samples t-test. Separate likelihood ratio chi-square tests were used to analyse 

the number of trials in which the final fixation was on the chosen option, and the number 

of trials in which the players fixated on the correct option when making an incorrect 

decision. The percentage viewing time was first analysed using a 4 (option) × 9 (fixation 

location) ANOVA with repeated measures on the last factor to examine the differences 

between the four options that could be chosen, and subsequently with a 2 (quality 

decision) × 9 (fixation location) ANOVA with repeated measures on both factors to 

examine the influence of the quality of the decisions. Additionally, Pearson correlations 

were calculated between the percentage of viewing time towards the nine fixation 

locations and the percentage of trials in which the player choose the correct option. 

The fixation transition probabilities were evaluated using binomial tests to identify the 

fixation transitions that occurred more frequently than expected by chance. Given that 

there were nine fixation locations, the expected probability of a transition from one 

location to any other was 1/8 = 0.125. Significant chi-square tests were broken down with 

standardized residuals and significant ANOVAs were followed up by Bonferroni corrected 

pairwise comparisons. The significance level was set at .05, effect sizes were reported as 

odds ratios for chi-square tests and partial eta squared (ƞp
2) for ANOVAs.

Results

Influence wearing eye tracking glasses
When comparing the trials in which the players did and did not wear eye tracking glasses, 

no interaction effects were found for wearing the glasses on the decisions that were 

made, χ2s < 6.232, ps > .182. The lack of interaction reflects similar decisions across sides 

and defensive plays while wearing and not wearing eye tracking glasses. Furthermore, a 

paired samples t-test did not reveal a significant difference between the mean quality of 

the decisions in the trials with and without eye tracking glasses, t(13) = 1.108, p = .290, 

r = .29. Therefore, the data were collapsed across both conditions for the remainder of 

this study. 
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Decisions
Figure 5.2 shows the accuracy of the decisions for the three defensive plays and the left 

and right side of the court. There was no difference in the accuracy of the decisions 

between the defensive plays, F(1, 24) = 1.396, p = .267, ƞp
2 = .104, nor between the left and 

right side of the court, F(1, 12) = .006, p = .938, ƞp
2 = .001, and there was no significant 

interaction effect, F(2, 24) = 2.073, p = .148, ƞp
2 = .147, implying that these factors 

(defensive play and side of the court) did not significantly influence the quality of the 

decisions, that is, how many correct and incorrect decisions were made. However, these 

factors did lead to different patterns of decisions as can be seen in Figure 5.3, which 

shows the distribution of the decisions per defensive play for the left and right side of the 

court.

Figure 5.2. Accuracy of the decisions for the three defensive plays and the left and right side of the 
court.

The three-way loglinear analysis on the number of decisions in the different categories 

revealed that the highest order interaction (side × defensive play × decision interaction) 

was significant, χ2 (8) = 16.865, p < .05. To interpret this interaction chi-square tests on 

the defensive play and decisions were performed separately for the left and right side. 

There were significant associations between the defensive play and the decisions that 

were made on both sides of the court, but the association was stronger on the left, χ2 (8) 

= 91.878, p < .001, than on the right side of the court, χ2 (8) = 56.955, p < .001, indicating 

that the players were more likely to base their decision on the defensive play that they 

faced on the left than on the right. Odds ratios indicated that on the left, the players had a 

clear preference for shooting when facing defensive play ‘under’ (odds ratio 13.8, i.e., the 

odds of shooting were 13.8 times higher when facing ‘under’ than when facing another 
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Figure 5.3. Distribution of decisions per defensive play and side of the court.
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defensive play), and a preference for passing to the screener/roller or corner player when 

facing a ‘hedge’ (odds ratio 2.4 and 3.2, respectively). On the right, the preference for 

shooting when facing ‘under’ was weaker (odds ratio 5.3) than on the left. When facing 

a ‘hedge’ on the right, the players showed a preference for passing to the corner player 

(odds ratio 2.7), and the odds of making ‘no decision’ were 5.0 times higher when facing 

a ‘hedge’ in comparison to facing other defensive plays. Thus, the analysis revealed that 

the playing side, and thus the hand with which the players handled the ball, influenced 

the decisions that the players made.

Execution time
Trials in which a correct decision was made had an average execution time of 2652 ms (SD = 

348 ms) and trials in which an incorrect decision was made had an average execution time 

of 2951 ms (SD = 665 ms). The paired samples t-test approached significance indicating 

that execution time of correct trials seems to be shorter than those of incorrect trials, 

t(11) = 1.847, p = .092, r = .49.

Gaze behaviour
When and for how long did the players fixate on the option they chose? 

Figure 5.4 shows time series for the percentage of trials in which the players fixated on 

the option they chose, for each of the four options. Although the players did not always 

fixate on the option they chose, it is clear that in general the players fixated on the option 

they chose at the end of the trial. When players decided to shoot or drive, they fixated 

earlier in the progression of the trial on the basket, in comparison with fixating their 

teammate when they decided to pass to the screener/roller or corner. The option roller 

was also fixated in an earlier stage of the trial. Excluding the trials in which the player did 

not fixate on the chosen option at all, in 95 out of 118 trials (80.5%) the final fixation was 

on the option that they chose. When the players decided to drive, their final fixation was 

always on the basket (12 out of 12 trials, 100%), and when the players decided to shoot or 

pass to the corner their final fixation was often on the option they chose (shoot: 21 out of 

25 trials, 84%; corner: 33 out of 35 trials, 94.3%), whereas when players decided to pass 

to the roller, their final fixation was only in 29 out of 46 trials (63%) on the roller, χ2 (3) = 

16.274, p < .001. There was no difference in the number of final fixations on the chosen 

option between the correct (59 out of 72 trials, 81.9%) and incorrect decisions (36 out of 

46 trials, 78.3%), χ2 (1) = .240, p = .624. The duration of the final fixation on the chosen 

option was on average 677 ms (SD = 166 ms) for shots, 611 ms (SD = 300 ms) for drives, 

342 ms (SD = 199 s) for passes to the screener/roller, and 429 ms (SD = 206 ms) for passes 

to the corner player.
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Where were the players looking at before they fixated on the option they chose? 
Figure 5.5 shows the percentage of viewing time that the players spent fixating on the 

nine fixation locations before they fixated on the option they chose. The analysis of the 

percentage viewing time for the different options revealed a main effect for fixation 

location, F(3.04, 419.37) = 77.135, p < .001, ƞp
2 = .359. The players spent most time fixating on 

the screener/roller, screen defender, free space in between players, and free space outside 

players. There was no significant option × fixation location interaction, F(9.12, 419.37) = 

1.661, p = .095, ƞp
2 = .035, indicating that the percentage of time players spent fixating the 

nine fixation locations was not influenced by the option that the players chose. Analysis of 

percentage viewing time collapsed across the four options revealed no significant quality 

decision × fixation location interaction, F(8, 88) = .478, p = .868, ƞp
2 = .042. 

Figure 5.4. Time series for the percentage of trials in which players fixated on the option they chose.

Figure 5.5. Percentage viewing time to the nine fixation locations before fixating on the option that 
was chosen. Fixation locations: ball handler defender (BHD), screener/roller (SR), screen defender 
(SD), corner player (CP), corner defender (CD), ball (Ball), basket (Bask), free space in between players 
(FSI) and free space outside players (FSO).
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Figure 5.6. Scan paths that were statistically over-represented among all possible transitions, for each 
of the chosen options and for correct and incorrect decisions. The circles represent the nine fixation 
locations: ball handler defender (BHD), screener/roller (SR), screen defender (SD), corner player (CP), 
corner defender (CD), ball (Ball), basket (Bask), free space in between players (FSI) and free space 
outside players (FSO). The size of the circle represents the total percentage viewing time towards the 
location, also numerically displayed in the percentages under the name of the fixation locations. The 
arrows represent the fixation transitions. The thickness of the arrow represents the probability of the 
fixation transition, also numerically displayed beside the arrow. 
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Pearson correlations between the percentage of viewing time towards the nine fixation 

locations and the percentage of trials in which the player choose the correct option are 

displayed in Table 5.1. Only the viewing time towards the free space outside players was 

significantly negatively related to the performance of the players, and a near significant 

positive relationship was found for the viewing time towards the free space in between 

players. These correlations indicated that the higher the percentage of correct decisions 

the lower the percentage viewing time towards the free space outside players and a trend 

for a higher percentage viewing time towards the free space in between players.

Which scan paths did the players display for each of the chosen options?
Figure 5.6 shows the two-fixation scan paths that were statistically over-represented 

among all possible transitions (p < .05) for each of the chosen options and for correct and 

incorrect decisions. The circles represent the nine fixation locations; the size of the circle 

represents the total percentage viewing time towards the location, also numerically 

displayed in the percentages under the name of the fixation location. The arrows 

represent the fixation transitions; the thickness of the arrow represents the probability 

of the fixation transition, also numerically displayed beside the arrow. For example, the 

probability of fixating on the basket after having fixated on the screen defender was 

0.344 when players decided to shoot.

 The scan paths show differences in visual search between each of the chosen 

options. When players decided to pass to the screener/roller or corner, they revealed 

more different over-represented fixation transitions than when they decided to shoot 

or drive, implying that the visual search strategies when passing are more diverse than 

for individual actions (i.e., shot or drive). Also, the scan paths revealed different visual 

search strategies between correct and incorrect decisions; the incorrect decisions were 

accompanied with an over-representation of fixation transitions from more remote 

fixation locations (i.e., basket and corner defender) towards the screener/roller (SR) or 

the space in between the players (FSI), while for the correct decisions the majority of 

over-represented fixation transitions were between the screener/roller, screen defender 

and the space in between the players.

Did the players look at the correct option when they made an incorrect 
decision? 

If an incorrect decision was made, then in only 12 out of 56 trials (21.4%) the player had 

directed her gaze towards the correct option. This implies that when players made an 

incorrect decision, on most occasions they had not fixated the correct option.
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Discussion

The aim of the current study was to examine the direct relationship between gaze 

behaviour and decision making of skilled basketball players as they performed pick-and-

roll plays on the court. The pick-and-roll is an offensive play, which is frequently used in 

basketball. Playing both on the left and right side of the court and facing three different 

types of defence, the ball carrier had to decide upon and perform one of four options 

(shoot, drive, pass to screener/roller, or pass to the corner player), while concurrently 

wearing a mobile eye tracking device. The findings comparing the trials with and without 

eye tracking glasses revealed that wearing the glasses did not influence the decisions 

of the players nor the quality of the decisions. As such, this study shows that using eye 

tracking in situ does not (necessarily) interfere with task execution and performance, 

implying that eye tracking provides a powerful tool to investigate the relationship 

between perception, decision-making and action in situ, also in complex sports contexts. 

The availability of such a tool is in line with earlier suggestions that in situ research designs 

should be used to accurately capture perceptual-motor performance of athletes (Dicks et 

al., 2010; Mann et al., 2010; Mann & Savelsbergh, 2015; Mann et al., 2007; Pinder et al., 

2015; Travassos et al., 2013; van Maarseveen et al., 2016; Williams & Ericsson, 2005), and 

opens up many opportunities for future research.

 The results of this study showed that the players made different decisions when they 

faced different defensive plays, but the quality of these decisions did not differ between 

the defensive plays. As there was also variation in the correct options indicated by the 

coaches per defensive play and differences in the scan paths per chosen option, this 

collectively indicates that the players were actually reading the game and not solely 

relying on team rules. The results also showed that the players made different decisions 

when they played with their dominant or non-dominant hand. To protect the ball from 

getting stolen by a defender, basketball players dribble with their hand farthest away 

from the defender and use their body to shield the ball. As all players in this study were 

right-handed, this meant that they handled the ball with their dominant hand when 

playing on the left side of the court, and handled the ball with their non-dominant hand on 

the right. Based on the embodied choice framework (Lepora & Pezzulo, 2015), handling 

the ball with the dominant hand results in different constraints and more or other 

action possibilities than handling the ball with the non-dominant hand, and therefore 

different decisions and possibly more accurate decisions could be expected. The current 

study did not show better performance (i.e., higher decision accuracy) when handling 

the ball with the dominant compared to the non-dominant hand. However, the players 

did make different decisions when handling the ball with the dominant or non-dominant 

hand. When the players dribbled with their dominant hand and faced the defensive play 

‘under’ they more often chose to shoot, whereas they more often passed when dribbling 
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with the non-dominant hand. When the players faced a ‘hedge’, they chose more often 

to pass to the screener/roller on the left (dominant hand) and to pass to the corner on 

the right (non-dominant hand). Facing a ‘hedge’ on the right also more often resulted 

in ‘no decision’ than on the left. Passing to the screener/roller is a riskier option, but 

if performed correctly the player who receives the ball has an open line to the basket, 

whereas passing to the corner player seems to be a safer option. Thus, when handling the 

ball with the dominant hand, dribbling to become free and taking a shot or passing to an 

advantageous but risky option may be easier than when handling the ball with the non-

dominant hand. So, this study showed, using an in situ research design, that the action 

(i.e., dribbling with the dominant or non-dominant hand) influenced the decisions that 

were made, thus supporting the embodied choice framework (Lepora & Pezzulo, 2015).

 The gaze behaviour measures offered useful insights into the visual search strategies 

of the players when performing on the court. As vision is important to control perceptual-

motor actions (De Oliveira, Huys, Oudejans, van de Langenberg, & Beek, 2007; Oudejans, 

Karamat, & Stolk, 2012; Vickers, 1996), one could expect that the players would fixate 

on the option they chose just before ball release, meaning that the players fixate on the 

basket when shooting or driving, and on the corresponding teammate when passing. Our 

findings reveal that in 83.1% of the cases the players did indeed fixate on the option they 

chose. The time series graphs show that the players mainly looked at the option they 

chose at the end of the trial. In support, when excluding the trials in which the player did 

not fixate on the chosen option at all, in 80.5% of the remaining trials the final fixation 

was on the chosen option. Collectively, these findings show that to execute a perceptual-

motor action, the players mainly relied on central vision. In particular, shooting seems 

to rely heavily on central vision; if the players chose to shoot, they always fixated on the 

basket. The duration of this final fixation on the basket was on average 677 ms, which is 

comparable to earlier studies (Oudejans et al., 2012), and which has been shown to be 

sufficiently long for accurate shooting; approximately 350 ms is necessary and sufficient 

for accurate control (Oudejans, van de Langenberg, & Hutter, 2002).

 In contrast to the high reliance on central vision for controlling an action, for 

decision making in a complex and dynamic situation peripheral vision is of eminent 

importance (Ryu, Abernethy, Mann, & Poolton, 2015; Ryu et al., 2013). Although we did 

not manipulate central and peripheral vision, the current study found some indications 

of the important role of peripheral vision when making decisions in situ, by examining 

scan paths and the locations the players directed their gaze to before fixating on the 

option they chose. The findings revealed that the players spent most time fixating on the 

screener/roller, the screen defender, and the free space in between the players before 

fixating on the chosen option. Given that these fixation locations are located close to 

each other, the high percentage of viewing time towards these areas (69.7% collectively) 

suggests that the players may have used a point in this area as an anchor point for foveal 
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gaze and detected information about the developing situation using both central and 

peripheral vision. This is in accordance with the findings of Ryu et al. (2015; 2013), who 

investigated the role of central and peripheral vision in a video-simulated decision-

making task using a gaze-contingent paradigm. In their study, skilled and less-skilled 

basketball players watched video clips of basketball scenarios with full vision, central 

vision only or peripheral vision only, and at the conclusion of each clip had to indicate 

whether it was better for the ball-carrier to pass to a teammate or drive to the basket. 

The findings revealed that the skilled players were superior regardless of whether 

they had full vision or either central or peripheral vision alone, indicating that skilled 

athletes can use both their central and peripheral vision to underpin decision making 

(Ryu et al., 2013). Furthermore, their findings revealed that the skilled players used 

the ball-carrier as an anchor point, and monitored the relative movement of the other 

players using peripheral vision (Ryu et al., 2013). Similarly, the players in our in situ study 

mainly directed their gaze to the most important area in this task design, that is the 

area capturing the screener/roller and screen defender, and could have used this area 

as their ‘visual pivot’ to extract visual information from the periphery (cf. Ripoll, 1988; 

Ripoll, Kerlirzin, Stein, & Reine, 1995). This was also supported by the correlation analysis 

and the scan paths. Correlation analysis revealed that the better the performance of the 

player (i.e., a higher percentage of correct decisions), the higher the percentage viewing 

time towards the space in between the players and the lower the percentage of viewing 

time towards the space outside the players. The scan paths showed differences between 

correct and incorrect decisions. The incorrect decisions were accompanied with an over-

representation of fixation transitions from more remote fixation locations (i.e., basket 

and corner defender) towards the screener/roller or the space in between the players, 

while for the correct decisions the majority of over-represented fixation transitions were 

between the screener/roller, screen defender and the space in between the players, thus 

the more central fixation locations. This suggests that not only in video-based tests 

but also in situ peripheral vision seems to play an important role in decision making. 

Future studies using visual manipulations could further examine the role of central and 

peripheral vision in decision making in situ. Although the most obvious information is 

visual, athletes could also use auditory or tactile information to control complex motor 

actions (Gray, 2008). As we only examined visual information in this study, it would also 

be interesting for future studies to examine how athletes use and integrate multisensory 

information to inform their decision making.

 The gaze analysis in this study both included traditionally used dependent variables 

(percentage viewing time) and newer analysis methods: time series graphs and scan 

paths. Using the more traditional gaze analysis method, we found that the percentage of 

time spend viewing the different fixation locations did not differ across the options that 

were chosen, which could be interpreted as a sign that (i) players use similar visual search 
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strategies when they (eventually) decide to shoot, drive, pass to the screener/roller or 

pass to the corner player, or (ii) percentage viewing time is not an effective variable to 

capture visual search. In support of the latter, when using more advanced gaze analysis 

methods, the visual search strategies did seem to differ across the chosen options. The 

scan paths revealed differences in over-represented fixation transitions between each of 

the chosen options. There were more over-represented fixation transitions when players 

decided to pass than when they decided to shoot or drive, implying that the visual search 

strategies when passing are more diverse than for individual actions. Furthermore, the 

time series analysis showed that the players started looking at the chosen option earlier 

in the progression of the trial when they decided to shoot or drive than when they decided 

to pass. These insights could not be found using solely the traditional gaze measures 

like search rate, fixation duration and percentage viewing time. Therefore this study 

underlines the need for developing and using newer and more informative methods to 

analyse gaze.

 In conclusion, as one of the first studies examining decision making and gaze behaviour 

in situ, this study found support for the embodied choice framework as the results showed 

that handling the ball with the dominant or non-dominant hand influenced the decisions 

that were made. Gaze measures suggested that peripheral vision may serve a significant 

role in decision making in situ, whereas players mainly relied on central vision to execute 

an action. Collectively, these results confirm the earlier suggestions that in situ research 

designs should be used to accurately capture perceptual-motor performance of athletes 

(Dicks et al., 2010; Mann et al., 2010; Mann & Savelsbergh, 2015; Mann et al., 2007; Pinder 

et al., 2015; Travassos et al., 2013; van Maarseveen et al., 2016; Williams & Ericsson, 2005), 

and more advanced gaze analysis methods should be used to enhance our understanding 

of visual search (Mann et al., 2009). This study showed that decision-making skill and 

gaze behaviour can be measured successfully in situ, since the results revealed that 

wearing the eye tracking glasses did not influence the decisions of the players nor the 

quality of their decisions. As such, the results also point to the suitability of using in situ 

tests to measure performance of players for talent identification or evaluation of the 

effectiveness of interventions.
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Abstract

Many studies have shown that self-controlled feedback is beneficial for learning 

motor tasks, and that learners prefer to receive feedback after supposedly good trials. 

However, to date all studies conducted on self-controlled learning have used individual 

tasks and mainly relatively simple skills. Therefore, the aim of this study was to examine 

self-controlled feedback on tactical skills in small-sided soccer games. Highly talented 

youth soccer players were assigned to a self-control or yoked group and received video 

feedback on their offensive performance in 3 vs. 2 small-sided games. The results showed 

that the self-control group requested feedback mostly after good trials, that is, after 

they scored a goal. In addition, the perceived performance of the self-control group was 

higher on feedback than on no-feedback trials. Analyses of the conversations around the 

video feedback revealed that the players and coach discussed good and poor elements 

of performance and how to improve it. Although the coach had a major role in these 

conversations, the players of the self-control group spoke more and showed more initiative 

compared to the yoked group. The results revealed no significant beneficial effect of 

self-controlled feedback on performance as judged by the coach. Overall, the findings 

suggest that in such a complex situation as small-sided soccer games, self-controlled 

feedback is used both to confirm correct performance elements and to determine and 

correct errors, and that self-controlled learning stimulates the involvement of the learner 

in the learning process.

Key words
Self-control

Video feedback

Decision making
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Introduction

Allowing learners to control (some) features of their own learning process enhances 

motor skill acquisition (for a review see Wulf, 2007). For example, conditions in which 

learners are able to decide upon the use of physical assistance devices (Hartman, 2007; 

Wulf, Clauss, Shea, & Whitacre, 2001; Wulf & Toole, 1999), the amount of practice 

(Post, Fairbrother, & Barros, 2011), task scheduling (Keetch & Lee, 2007; Wu & Magill, 

2011), video demonstration (Wrisberg & Pein, 2002; Wulf, Raupach, & Pfeiffer, 2005), or 

augmented feedback (Chiviacowsky & Wulf, 2002, 2005; Chiviacowsky, Wulf, de Medeiros, 

Kaefer, & Tani, 2008; Janelle, Kim, & Singer, 1995) have been shown to result in superior 

performance compared to externally controlled conditions. Especially self-controlled 

feedback has been proven to be effective in a variety of tasks, including throwing 

tasks (Chiviacowsky et al., 2008; Janelle, Barba, Frehlich, Tennant, & Cauraugh, 1997), 

sequential timing tasks (Chen, Hendrick, & Lidor, 2002; Chiviacowsky & Wulf, 2002), and 

more complex technical tasks like the basketball set shot or trampoline jumping (Aiken, 

Fairbrother, & Post, 2012; Ste-Marie, Vertes, Law, & Rymal, 2013). The effects of self-

controlled feedback have typically been assessed by comparing the performances of 

self-control groups to yoked groups that could not control feedback delivery, but instead 

received feedback each time the matched participant of the self-control group requested 

feedback. Thus, even though the frequency and timing of feedback was identical for both 

groups, learners who were able to control feedback delivery generally performed better 

than those with an externally controlled (yoked) feedback schedule.

 Using this design, the effects of self-controlled video feedback were first examined 

on learning a relatively simple motor task: a non-dominant hand ball throw (Janelle et 

al., 1997). Whenever requested, participants of the self-controlled video feedback group 

received video feedback on the last two trials with additional cueing and transitional 

suggestions by an expert. The self-controlled group demonstrated better throwing 

accuracy and form scores than the yoked group. Similar beneficial effects of self-

controlled video feedback have been found for learning the basketball set shot (Aiken 

et al., 2012) and double mini-trampoline skills (Ste-Marie et al., 2013). Interestingly, 

self-controlled learners decrease the feedback requests across the acquisition period 

(Chiviacowsky & Wulf, 2002; Janelle et al., 1997; Laughlin et al., 2015; Ste-Marie et al., 

2013). For example, when learning the basketball set shot the percentage of feedback 

requests was highest during the first practice block (33%) and decreased as practice 

progressed through the last block (19%; Aiken et al., 2012).

 Examination of when self-controlled learners request feedback when learning a 

sequential timing task using questionnaires revealed that the majority requested 

feedback after perceived good trials while no one requested feedback after supposedly 

bad trials (Chiviacowsky & Wulf, 2002). The yoked learners, with no control over their 
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feedback schedule, mainly reported that they did not receive feedback after the right 

trials and most of them would have preferred feedback after good trials. Moreover, on 

average, the timing errors were lower on trials for which the self-controlled learners 

requested feedback compared to the trials for which they did not request feedback, 

whereas the timing errors of yoked participants were similar for feedback and no-

feedback trials. This demonstrated that the participants were quite good at estimating 

their errors, distinguishing good from bad trials, and that the participants had a clear 

preference for receiving feedback after good trials. This latter finding has been replicated 

in several studies (Chiviacowsky et al., 2008; Chiviacowsky, Wulf, Wally, & Borges, 2009; 

Patterson & Carter, 2010). Furthermore, it has been shown that feedback after relatively 

good trials is more effective than after relatively poor trials (Badami, VaezMousavi, Wulf, 

& Namazizadeh, 2012; Chiviacowsky & Wulf, 2007; Saemi, Porter, Ghotbi-Varzaneh, 

Zarghami, & Maleki, 2012). Receiving feedback after relatively good trials might create 

a larger success experience for the learner, which increases motivation which in turn 

enhances learning (Chiviacowsky & Wulf, 2007). This is, however, in contrast to the 

guiding hypothesis, which states that feedback is particularly important after poor trials 

to guide the learner to the correct performance (Salmoni, Schmidt, & Walter, 1984).

 More recent studies suggest that the feedback preferences of self-controlled learners 

depend on the nature of the task and the mode of feedback delivery (Laughlin et al., 

2015; Post, Aiken, Laughlin, & Fairbrother, 2016). The majority of studies showing 

a preference for feedback after good trials involved learning a relatively simple 

motor task in a laboratory setting (i.e., sequential timing or beanbag tossing) and 

straightforward feedback on one single aspect of performance (i.e., timing error or 

radial error; Chiviacowsky & Wulf, 2002; Chiviacowsky et al., 2008; Chiviacowsky et al., 

2009; Patterson & Carter, 2010). However, this preference for feedback after good trials 

was not found in studies using more complex motor tasks and more information-rich 

sources of feedback. For example, basketball players learning a set-shot requested video 

feedback after both good and poor trials (Aiken et al., 2012). In simple tasks the entire 

trial can be perceived as good or poor, while this is not the case for more complex tasks. 

Learners could request feedback to review good aspects of a poor trial or poor aspects 

of a good trial. Similarly, in contrast to feedback on one single performance aspect such 

as radial error, video feedback allows learners to identify both good and poor aspects 

of their performance on any trial. For example, when learning a 3-ball cascade juggling 

task participants requested feedback on the duration of the juggling attempt primarily 

after good attempts, while they requested feedback on their technique after both good 

and poor attempts (Laughlin et al., 2015). Post-experiment interviews demonstrated that 

participants requested feedback both to confirm success and to correct performance 

aspects. Thus, the complexity of the task and the information-richness of the feedback 

source seem to influence the feedback preferences of self-controlled learners.
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The reasons underlying the beneficial effects of self-controlled learning are not well 

understood (Post et al., 2016). Allowing the learner to control the learning process may 

result in better tailoring to the personal needs of the learner (Chiviacowsky & Wulf, 2002, 

2005, 2007), or may be more motivating in general (Bandura, 1993; Chiviacowsky & Wulf, 

2005; McNevin, Wulf, & Carlson, 2000; Wulf et al., 2005). It has also been suggested 

that allowing learners to control (some features of) the learning environment satisfies 

a basic psychological need (autonomy; Deci & Ryan, 2000), and in addition encourages 

learners to take charge of their own learning process (Ferrari, 1996; Janelle et al., 1997; 

Wulf et al., 2001; Wulf & Lewthwaite, 2016). This stimulates (i) intrinsic motivation (Sanli, 

Patterson, Bray, & Lee, 2013), (ii) deeper processing of relevant information (Janelle 

et al., 1997), (iii) error estimation (Chiviacowsky & Wulf, 2005), and (iv) the use of self-

regulation strategies (Kirschenbaum, 1984). Thus, self-controlled learners use self-

regulatory processes to more actively search for, choose, and evaluate the correct motor 

solution (Wu & Magill, 2011), trying various movement strategies to a greater extent than 

those without self-control (Wulf & Toole, 1999). This more active involvement results in 

enhanced learning and performance (Zimmerman, 1989). One way to gain insight into 

the learner’s involvement in the learning process might be through the examination of 

the conversations between learner and instructor during the feedback sessions.

 To date, all studies conducted on self-controlled learning have used individual tasks. 

Whether self-controlled video feedback is also beneficial for learning complex skills 

that involve multiple persons, such as tactical skills in invasion games, has yet to be 

determined. The preferences for feedback after good or poor trials in such tasks are 

not clear yet, nor whether self-controlled learning stimulates the learners’ involvement 

in their own learning process. The aim of this study was to examine the effects of self-

controlled video feedback on tactical skills in soccer teams. Highly talented youth soccer 

players were assigned to a self-control or yoked group, and received video feedback on 

their offensive performance in 3 vs. 2 small-sided games. The conversations between the 

players and coach while watching the video feedback were recorded and transcribed to 

examine the role of the players and the coach, and to examine whether the video feedback 

was used to correct errors or to confirm correct performance elements. Based on the 

self-control literature and given the complexity of the task, we expected that feedback 

would be requested after both good and poor trials. We expected that feedback requests 

would decrease across the acquisition phase, and that because of the information-

richness of videos, both good and poor aspects of the performance would be discussed. 

We hypothesized that the self-control group would demonstrate higher performance 

improvement compared to the yoked group, due to more active involvement in their 

own learning process.
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Method

Participants
Fourteen highly talented female soccer players participated in this study (M age = 15.8 

years, SD = 1.3). They all played in the national soccer talent team, in which they train 

about fifteen to twenty hours a week and play in a high-level competition for men under 

14 years of age. They had, on average, 9.6 years (SD = 2.6) of soccer experience. The 

experiment was approved by the local ethics committee of the research institute and 

all participants gave their written informed consent; parental consent was provided for 

players younger than 18 years.

Tasks and apparatus
Tactical skill was trained and examined in small-sided games with three attackers playing 

against two defenders and a goalkeeper. We chose to use small-sided games since these 

games are considered to comprise the basics of the game of soccer according to the Dutch 

Royal Soccer Association (Dokter, 1993), and many more behavioural observations are 

possible in a given period of time when compared to an 11 vs. 11 game (Davids, Araujo, 

Correia, & Vilar, 2013). The playing field measured 40m in length and 25m width (field 

dimensions were advised by the head coach). The six players started at specific locations 

(Figure 6.1) and played according to the official soccer rules, including offside. The players 

switched roles so that each player played on each of the attacking and defending positions 

(except for the goalkeeper), but only the attacking positions were of interest in this study.

 The tests and training sessions were video recorded using a GoPro camera (resolution 

1920 × 1080, 30 Hz; Hero 3, black edition, GoPro, Inc., USA) mounted on a 6.5m high 

lifting tower (Showtec LTB-200/6, The Netherlands), behind the goal of the attacking 

team. The elevated filming position was used to give a good overview of the situation and 

to help the participants in perceiving depth (Mann, Farrow, Shuttleworth, & Hopwood, 

2009). During the training sessions, the GoPro camera was connected to a 15.6 in. 

laptop via a 10m long HDMI cable. A HDMI capture card (1080p; StarTech.com) and its 

accompanying software program StreamCatcher (1.1.0.114; StarTech.com) enabled us to 

record high quality video clips of each individual trial and to play them back on the laptop 

immediately after recording.

Procedure and design
The experiment consisted of a pretest, training intervention and a post-test. The pretest 

was performed in the week prior to start of the training intervention, which itself 

consisted of seven training sessions; the post-test was performed in the week after the 

last training session. Participants were randomly assigned to either the self-controlled 

or yoked group.



127

Self-controlled video feedback on tactical skills for soccer teams

Both the pre- and post-test consisted of two test moments on two separate days within 

one week. The test scores consisted of the average scores of both the test moments, 

except if a participant only joined one test day, then the score of that day was used 

(i.e., 3 participants during post-test). On each test day, the soccer players participated 

15 times as attacker in the small-sided game (five times on each of the three attacking 

positions). All trials were recorded with the GoPro camera and afterwards judged by 

a highly experienced soccer coach (holding the highest coaching qualification in the 

country and with over 25 years of coaching experience at national and international 

level); she judged the overall tactical skills of each attacker (i.e., including actions with 

ball and positioning) in each trial separately on a scale 1–10. Players were unaware of this 

performance assessment. To assess inter-rater reliability 48 trials (i.e., 16%) were also 

judged by a second highly experienced soccer coach (same qualifications and experience) 

and analysed using a two-way mixed, consistency, single-measures ICC (Hallgren, 2012); 

although not excellent, results showed fair inter-rater reliability, ICC = 0.542.

 The seven training sessions were performed during four weeks and consisted of the 

same small-sided game. In each training session, the players participated in 12 attacking 

trials (four times on each of the three attacking positions). The outcome of the trial was 

registered to examine when the attackers requested feedback, that is, whether the 

attackers scored a goal, the defenders scored or no goal was made.

 To avoid that only the most dominant player would decide on whether or not to 

request feedback, the participants of the selfcontrol group individually indicated after 

each trial whether they wanted to get video feedback on that trial. After each set of two 

trials, the three attackers got video feedback on the trial of that set that was requested 

most (thus by majority of votes; in case both trials were requested evenly, the three 

Figure 6.1. Overview of the small sided game. Players are located at their specific starting positions.
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attackers had 10 s to collectively decide which trial they wanted to play back). In this way, 

the feedback frequency was set at 50%, but the participants of the self-control group 

controlled which trial they watched, and the individual preferences for feedback of each 

player were taken into account. One could argue that a disadvantage of this method is 

that the feedback delivery does not completely correspond to the feedback requests; 

however, preliminary examination revealed that the received feedback corresponded 

with the feedback request in 74% of the trials (i.e., the participant received feedback 

when requested and did not receive feedback when not requested). In 20% of the trials, 

they requested feedback but did not receive feedback and in only 6% of the trials they 

received feedback while they did not request it. The participants of the yoked group 

received video feedback according to the same schedule as the self-control group.

 All participants scored their own and their team performance on a 10-point scale 

(individual and team perceived performance, respectively) after each trial but prior to 

the video feedback, starting from training session 3. After the last training session, the 

participants filled in a questionnaire similar to questionnaires used in earlier self-control 

studies (e.g., Chiviacowsky & Wulf, 2002; see Table 6.2). Participants of the self-control 

group were asked when and how they decided to request feedback and participants of 

the yoked group were asked whether they received feedback when they needed it most, 

and if not, when they preferred to receive it.

 In the video feedback sessions, the three attackers and the head coach collectively 

watched the video on the laptop and were allowed to repeat or pause the footage. 

The head coach of the talent team guided the video feedback sessions, as it has been 

suggested that video feedback is most beneficial for learning when attentional cues are 

provided to direct the learners’ attention to the critical information in the video (Janelle, 

Champenoy, Coombes, & Mousseau, 2003; Landin, 1994; Rothstein & Arnold, 1976). 

The conversations in the video feedback sessions were not structured a priori: we asked 

the coach to guide the players as she would normally do; this was mainly a questioning 

approach. The conversations were videotaped and transcribed by a single investigator. 

After transcribing the investigator coded for all (parts of) conversations whether it 

focused on negative, neutral or positive aspects of performance or on improvements, 

and whether the coach or a player showed initiative in the conversation. Based on 

the word count, the percentage of the conversation that the coach and players talked 

about negative, neutral, or positive aspects of the performance or improvements were 

calculated, just as the percentage of the conversation in which the coach or the players 

showed initiative.



129

Self-controlled video feedback on tactical skills for soccer teams

Data analysis
The performance scores on the pre-test and post-test, as judged by the head coach, 

were examined using a 2 (group: self-control, yoked) × 2 (test: pre, post) mixed design 

ANOVA, with repeated measures on the last factor. The individual and team perceived 

performance during the last five training sessions were analysed with two separate 2 

(group: self-control, yoked) × 5 (training session: T3, T4, T5, T6, T7) ANOVAs, with 

repeated measures on the last factor. The frequency of the feedback requests by the self-

control group was examined using a repeated-measures ANOVA on the seven training 

sessions. We examined the outcome of the trials (i.e., attackers scored, defenders scored 

or no goal was made) when the participants of both groups did and did not receive 

feedback using a loglinear analysis. The individual and team perceived performance on 

feedback and no-feedback trials were examined using separate 2 (group: self-control, 

yoked) × 2 (Feedback: yes, no) ANOVAs with repeated measures on the last factor. 

Loglinear analyses were used to analyse the word count, the content of the conversations 

(i.e., negative, neutral, positive, improvement), and the initiative in the feedback 

conversations. Loglinear analyses were followed up by chi-square tests on the different 

levels of one of the variables if necessary. The significance level was set at 0.05 for all 

testing, any violations of the assumption of sphericity corrected using the Greenhouse–

Geisser method, and effect sizes were reported as partial eta squared.

Results

Performance
Tests

The performance scores, awarded by the coach, on the pre-and post-test of the self-

control and yoked group are displayed in Figure 6.2. Statistical analyses revealed no 

significant main effects for test, group or an interaction effect, all ps > 0.33.

Training sessions
Figure 6.3 shows the mean individual and team perceived performance for the self-

control and yoked groups during the last five training sessions. The individual perceived 

performance did not differ significantly between the self-control and yoked group, 

F(1, 9) = 1.995, p = .191, ƞp
2 = 0.181. There was a significant main effect for training 

session, F(4, 36) = 2.910, p = .03, ƞp
2 = 0.244, post hoc pairwise comparisons revealed 

significant differences between training sessions 3 and 6, 3 and 7, 5 and 6, 5 and 7, all  

ps < 0.04, indicating higher individual perceived performance in the later training sessions 

compared to the earlier sessions. The interaction effect was not significant, F(4, 36) = 

0.296, p = .878, ƞp
2 = 0.032.
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Also, the team perceived performance did not differ between the self-control and yoked 

group, F(1, 9) = 0.563, p = .472, ƞp
2 = 0.059. There was again a significant main effect 

for training session, F(4, 36) = 2.681, p = .04, ƞp
2 = 0.230, post hoc pairwise comparisons 

revealed significant differences between training sessions 3 and 6, 3 and 7, 5 and 6, all ps 

< 0.03. This again indicated higher perceived performance at the later training sessions 

compared to the earlier sessions. The interaction effect was not significant, F(4, 36) = 

1.904, p = .131, ƞp
2 = 0.175.

Feedback requests
For each training session, the percentage of trials on which the participants of the 

self-control group indicated to prefer feedback can be found in Figure 6.4. The overall 

frequency of video feedback requests by the self-control group was 56% during the 

training sessions. Individual feedback requests ranged from 41% to 70%. There was a 

significant main effect for training session, F(6, 18) = 11.312, p < .001, ƞp
2 = 0.790. The 

percentage of feedback requests was significantly lower during the first training session 

than during training session 6 and 7, both ps < 0.05, and tended to be lower than during 

the fifth training session, p=.075.

Received feedback
Outcome trial

Figure 6.5 shows the percentage of feedback received when the attackers scored, the 

defenders scored or no goal was made for the self-control and the yoked group. For the 

self-control group, there was a significant association between the outcome of the trial 

and whether or not they received feedback, χ2 (2) = 31.259, p < .001, whereas this was not 

true for the yoked group, χ2 (2) = 1.687, p = .430. For the self-control group, the odds of 

receiving feedback were 4.1 times higher if the attackers scored than for other outcomes 

of the trial. Thus, the analyses revealed a difference between the self-control and yoked 

group: the participants of the self-control group received more often feedback after 

good trials, that is, when the attackers had scored, whereas participants of the yoked 

group received feedback after all three outcomes evenly.
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Figure 6.2. Mean performance scores (and SD) of the self-control and yoked group on the pre-test 
and post-test.

Figure 6.3. Mean individual and team perceived performance (± SD) the self-control and yoked group 
for training session 3 - 7.
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Perceived performance 
Figure 6.6 shows the mean individual and team perceived performance on the feedback 

and no-feedback trials for the self-control and yoked groups. The individual perceived 

performance revealed a main effect for feedback, F(1, 12) = 8.666, p = .01, ƞp
2 = 0.419, but 

this was overruled by a significant feedback x group interaction effect, F(1, 12) = 19.106, p 

< .001, ƞp
2 = 0.614. Perceived performance on the feedback trials was higher than on the 

no-feedback trials for the self-control group only, p < .001. The main effect of group was 

not significant, F(1, 12) = 0.099, p = .759, ƞp
2 = 0.099. The team perceived performance also 

revealed a main effect for feedback, F(1, 12) = 22.605, p < .001, ƞp
2 = 0.653, and again this 

was overruled by a significant feedback x group interaction effect, F(1, 12) = 27.907, p < 

.001, ƞp
2 = 0.699. Perceived performance on the feedback trials was higher than on the no-

feedback trials for the self-control group only, p < .001. The main effect of group was not 

significant, F(1, 12) = 0.155, p = .701, ƞp
2 = 0.013.

Feedback sessions
Table 6.1 shows the average word count per feedback session for the coach, the players, 

and for the coach and players combined for each of the training sessions of the self-control 

and yoked group. Loglinear analysis showed a significant association between the group 

and the number of words spoken by the coach or players, χ2 (1) = 7.287, p = .01. Although 

the coach spoke more words than the players in both groups (i.e., the proportion of words 

spoken by the coach was 57% in conversations with the self-control group and 64% with 

the yoked group), in the conversations of the self-control group the proportion of words 

spoken by the players (43%) was larger than in the yoked group (36%). Also, a significant 

association between the training session and the number of words spoken by the group 

(i.e., coach and players combined) was found, χ2 (6) = 14.914, p = .02. In training session 

5 the conversations of the self-control group were longer (i.e., more words were being 

said by coach and players combined) compared to the yoked group (on average 171.5 and 

112.7 words per conversation, respectively), and in training session 7 the conversations 

of the yoked group were longer than of the self-control group (146.2 and 123.4 words, 

respectively), ps < 0.01. However, one should notice that in training session 5, where the 

conversations of self-control group were longer, the input of the coach and players in the 

self-control group was similar (52% and 48% respectively), χ2 (1) = 0.209, p = .647; while in 

training session 7, where the conversations of yoked group were longer, the input of the 

coach in the yoked group was significantly larger compared to the input of the players (64% 

and 36% respectively), χ2 (1) = 12.082, p < .001.

 In the self-control group the coach and players talked 32.1% about positive aspects of 

the performance, 27.6% about negative aspects, 28.1% about improvements, and 12.3% 

of the conversations was neutral. In the yoked group these were 24.9%, 32.1%, 35.2%, and 

7.9% respectively. Statistical analysis revealed that there was no significant association 
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Figure 6.5. Percentage of feedback received when the attackers scored, the defenders scored or no 
goal was made for the self-control and the yoked group. 

Figure 6.4. Percentage feedback requests (± SD) of the seven training sessions.

Figure 6.6. The mean (and SD) individual and team perceived performance on the feedback and no-
feedback trials for the self-control and yoked groups.
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between the group and content of the conversation, χ2 (3) = 2.704, p = .440. In both groups 

improvements and positive and negative aspects of the performance were discussed in 

more or less equal proportions, and only a small part of the conversation consisted of 

neutral statements.

 In the self-control group 31.0% of the conversation was on initiative of the players and 

69.0% on initiative of the coach, whereas in the yoked group 17.8% was on initiative of the 

players and 82.2% initiated by the coach. There was a significant association between the 

group and whether the coach or the players took initiative, χ2 (1) = 4.568, p = .03. The odds 

of players showing initiative were 2.08 times higher in the self-control group than in the 

yoked group.

Table 6.1. Average word count per feedback session for the coach, the players, and combined for each 
of the training sessions of the SC and Y group.

  SC group Y group

Training Coach Players Combined Coach Players Combined

1 55.3 44.0 99.3 47.3 29.3 76.7

56% 44% 62% 38%

2 66.5 45.7 112.2 50.9 29.1 80.0

59% 41% 64% 36%

3 50.1 42.0 92.1 47.8 30.1 77.8

54% 46% 61% 39%

4 58.3 41.8 100.2 63.9 35.8 99.7

58% 42% 64% 36%

5 88.7 82.9 171.5 70.2 42.5 112.7

52% 48% 62% 38%

6 94.9 60.6 155.5 99.5 46.4 145.9

61% 39% 68% 32%

7 73.8 49.6 123.4 93.9 52.3 146.2

60% 40%     64% 36%  

Total 487.6 366.6 854.2 473.6 265.4 739.0

  57% 43%     64% 36%  
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Post training questionnaire
The results of the post training questionnaires are presented in Table 6.2. Participants of 

the self-control group provided mixed responses on the question when they requested 

feedback. Of the seven participants, three participants indicated that they mostly 

requested feedback after supposedly good trials, two participants after bad trials, and 

two participants after good and bad trials equally. Also, the information the participants 

used to decide whether to request feedback was equivocal; three participants mainly 

evaluated their own performance and four participants mainly evaluated their team 

performance to decide upon feedback request. 

Table 6.2. Post training questions and answers of participants of self-control and yoked group.

Group Question n %

Self-control

When did you ask for feedback?

Mostly after you thought you had a good attack 3 43%

Mostly after you thought you had a bad attack 2 29%

After good and bad trials equally 2 29%

Randomly 0 0%

None of the above 0 0%

When did you NOT ask for feedback?

Mostly after you thought you had a good attack 1 14%

Mostly after you thought you had a bad attack 2 29%

None of the above 4 57%

How did you decide whether to ask for feedback?

Mainly evaluating my own performance 3 43%

Mainly evaluating the team performance 4 57%

Yoked

Did you receive feedback when you needed it the most?

Yes 7 100%

No 0 0%

If “NO” when would you have preferred to receive feedback?

Mostly after good trials 0 0%

Mostly after bad trials 0 0%

After good or bad trials equally 0 0%

    Randomly 0 0%
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Discussion

In this study we sought to examine whether the beneficial effects of self-controlled 

learning, as earlier found in individual tasks (e.g., Chiviacowsky & Wulf, 2002), generalize 

to tasks involving multiple persons. Therefore, the aims of this study were to examine the 

effects of self-controlled video feedback on tactical skills in small-sided soccer games, 

and whether self-controlled video feedback stimulates the learners’ involvement in their 

own learning process. One of the most interesting findings to emerge from this study 

was that the participants of the self-control group showed a preference for receiving 

feedback after relatively good trials. The participants in this group requested feedback 

more often after they had scored a goal compared to trials in which they did not score 

or the opposing team scored, and their individual and team perceived performance 

was higher on feedback trials than on no-feedback trials. The results revealed that the 

yoked group received feedback randomly, confirming that the yoking manipulation 

was successful. That is, they received feedback in equal proportions after they scored, 

the opponents scored or no score was made, and there was no difference in perceived 

performance between feedback and no-feedback trials. This is consistent with numerous 

previous studies on self-control using simple individual tasks (Chiviacowsky & Wulf, 

2002; Chiviacowsky et al., 2008; Chiviacowsky et al., 2009; Patterson & Carter, 2010), and 

suggests that (self-controlled) feedback is mainly used to confirm success (Chiviacowsky 

& Wulf, 2002). 

 The preference for feedback after good trials, however, is not consistent with recent 

findings of more complex individual skills (Aiken et al., 2012; Laughlin et al., 2015; Post 

et al., 2016). These studies revealed no differences in performance between feedback 

and no-feedback trials (Aiken et al., 2012; Post et al., 2016), and that the participants 

requested feedback after both good and poor trials (Aiken et al., 2012; Laughlin et 

al., 2015) or mostly after poor trials (Post et al., 2016). Interestingly, the participants 

of the current study gave varying responses in the post training questionnaire. Out of 

seven, three self-control participants indicated that they intended to request feedback 

mostly after good trials, two participants mostly after supposedly bad trials, and two 

participants after good and bad trials equally. As performance in small-sided soccer 

games is complex, it could be that the trials were too complicated to label as either good 

or bad. Some aspects in a trial might have been good and other aspects not, which has 

also been found earlier in rowing (Sigrist, Rauter, Riener, & Wolf, 2011). It could be that the 

participants focused on a certain aspect of their performance rather than on the overall 

performance in the trial. This was also supported by the findings on the content of the 

video feedback conversations, which showed that the participants and coach talked in 

similar proportions about positive and negative aspects of the performance and how to 

improve it. Only neutral statements were made less often. This shows that although the 
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participants requested feedback more often after relatively good trials, in the feedback 

conversations both positive and negative aspects of performance were discussed. Thus 

it seems that video feedback was being used both to confirm success (Chiviacowsky & 

Wulf, 2002) and to correct performance errors (Salmoni et al., 1984), which confirms that 

the use of self-controlled video feedback for complex tasks is less straightforward than 

for simple tasks and warrants future research.

 The analyses of the conversations also revealed that the coach had a major role in the 

feedback conversations. She spoke most and showed most initiative in the conversation. 

Nevertheless, the participants of the self-control group spoke more and showed more 

initiative in comparison to the participants of the yoked group. Therefore, the ability to 

control video feedback seems to have a positive effect on the involvement of the players 

in their learning process, which has been suggested as an underlying mechanism for the 

effectiveness of self-controlled learning (Janelle et al., 1997; Wulf et al., 2001; Wulf & 

Lewthwaite, 2016). Self-controlled learning environments satisfy the basic psychological 

need of autonomy, and this is associated with greater self-regulated learning. Self-

regulated learning is the process whereby learners set goals for their learning and then try 

to monitor, regulate, and control their cognition, motivation, and behaviour to attempt 

to achieve their goals. Thus self-regulated learners plan, set goals, organize, self-monitor, 

and self-evaluate at various points during the learning process. They feel more responsible 

for improving performance, which leads to a higher motivation to practice and perform 

well, and thus results in more active involvement of the learner in the learning process 

(Janelle et al., 1997). Furthermore, in self-controlled learning environments learners seem 

to use feedback as a means to protect or enhance their perceptions of competence (Wulf 

& Lewthwaite, 2016), and this increases learners’ confidence in being able to do well on 

the task. Both autonomy and enhanced performance expectancies affect performance 

and learning by strengthening the coupling of the learners’ goals to their movement 

actions (Wulf & Lewthwaite, 2016). Thus learners become more task-focused and less 

self-focused. In contrast, controlling learning environments do not support people’s basic 

psychological need of autonomy, and hence tend to cause stress (Reeve & Tseng, 2011; 

Wulf & Lewthwaite, 2016). As a result, attentional capacity can be taken away from the 

task resulting in reduced learning. Future research should be directed at gaining more 

insight into how and why participants use self-controlled learning to enhance learning of 

complex tasks, and this may involve the feedback preferences of learners in relation to 

their personal goalsetting.

 In contrast to earlier findings on individual tasks, the current study did not reveal 

positive performance effects (i.e., in performance scores as awarded by the coach) of self-

controlled feedback from pre- to posttest The players themselves noticed an improvement 

in performance across the training sessions (i.e., increased individual and team perceived 

performance), but no significant difference was found in perceived performance between 



138

Chapter 6

the self-control and yoked group. This suggests that self-controlled video feedback was 

not directly beneficial for performance in the more complex tasks in small-sided soccer 

games. Instead, it suggests that the effects of self-controlled feedback on tasks involving 

multiple persons are more indirect (i.e., more active involvement in learning process).

 There are a number of possible explanations for the lack of direct beneficial effects 

of self-controlled video feedback on tactical skills. First, performance in small-sided 

games is multifactorial; next to tactical skills, performance also depends on technical, 

physiological, and psychological skills (Reilly, Williams, Nevill, & Franks, 2000), as well 

as on the quality of teammates and opponents. A highly experienced soccer coach 

assessed the performance of the individual players in each trial. Given the experience 

and qualifications of the assessor sufficient validity and reliability was expected, but a 

check of inter-rater reliability was only fair, not excellent. Due to its subjective character, 

it could be that our measure of performance was too crude and that its sensitivity was 

insufficient to pick up on the subtle improvements you might expect from a four-week 

training intervention. Using a detailed notational analysis system to assess performance 

of the players may be more suitable to reveal the possibly subtle changes in performance 

or changes in decisions or playing style of the participants (Van Maarseveen, Oudejans, 

& Savelsbergh, 2017). Second, it is not unlikely that the number of training sessions 

employed in the current study was too low to induce a significant performance effect. 

Seven training sessions in four weeks, and each training session consisting of only 

participating four times in each of three attacking positions, resulted in a relatively small 

training load, especially in comparison to the total weekly training regimen of 15–20 h 

of the participants. Third, the feedback delivery did not completely correspond to the 

feedback requests. However, as the correspondence was quite good (74%), it seems 

unlikely that the design of the study could explain the lack of beneficial effects of self-

controlled feedback. Finally, the seven participants of the yoked group all indicated in 

the post training questionnaire that they received feedback when they needed it most. 

This may be caused by the fact that this study was the first time that the players (of both 

the self-control and yoked group) received immediate video feedback on the field, and 

that as a consequence all players valued the video feedback anyway. Furthermore, as the 

coach had a major role in the conversations around the video feedback, she may have 

highlighted elements in the performance of each trial in such a way that it made the 

feedback valuable for all players. This was also supported by the fact that the participants 

did not show a decrease in feedback requests across the acquisition period as found in 

earlier studies (Chiviacowsky & Wulf, 2002; Janelle et al., 1997; Laughlin et al., 2015; Ste-

Marie et al., 2013). In future studies, to further examine the direct beneficial effects of 

self-controlled video feedback, other complex in situ tasks involving multiple persons 

could be used that more thoroughly tax the individual players.
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In conclusion, in this study the effects of self-controlled video feedback on complex 

skills involving multiple persons were examined in situ. Although we did not find a 

significant beneficial effect of self-controlled video feedback on the tactical skills of 

the soccer players, we did find relevant effects of self-controlled feedback regarding 

the feedback preferences and the involvement of the players. The self-control group 

showed a preference for requesting video feedback after relatively good trials, but both 

good and poor aspects of performance were discussed in the conversations around the 

video feedback. Allowing the players to control video feedback, resulted in a higher 

involvement of the players in the learning process as the players of the self-control group 

talked more and took more often initiative in the feedback conversations compared to 

the yoked group, which is especially valuable for talent development programs.
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Team sports offer a unique, dynamic, and time-constrained environment in which the 

ability to pick up visual information to decide upon an appropriate course of action is 

key to high-level performance (Williams & Ericsson, 2005; Williams, Ford, Eccles, & 

Ward, 2011). As these decisions are regularly made under time pressure, players need 

to quickly recognize the pattern of play, anticipate future events, and make fast and 

accurate decisions. This ability to ‘read the game’ is an important factor of team sport 

performance and it distinguishes skilled from less skilled players (Williams, 2000). The 

aim of this thesis was to examine how tactical skills in team sports can be measured 

reliably and objectively, and to gain more insight into tactical skills and their underlying 

mechanisms in order to examine how tactical skills can be developed. This epilogue first 

summarizes the previous research chapters, followed by the main conclusions. Next, 

theoretical and methodological implications and some limitations will be discussed as 

well as suggestions for future research. Finally, practical implications will be given for 

coaches and athletes on how to measure and improve tactical skills in team sports.

Summary

Skilled athletes are consistently found to be superior on a variety of perceptual-cognitive 

tasks, including those designed to test anticipation, pattern recall and decision making. 

These skills have typically been measured using simplified video-based tests in which 

participants do not move but instead indicate their preferred action or response verbally 

or by way of a button press. Although these tests offer a significant advantage in terms of 

their methodological rigour and control, there has been increasing criticism on how well 

these tests accurately represent the on-field performance they are designed to sample 

(Mann & Savelsbergh, 2015; Pinder, Headrick, & Oudejans, 2015; Williams & Ericsson, 

2005). For example, in traditional pattern recall tests participants watch video clips of 

specific sport situations and directly afterwards they are required to recall the positions 

of the players as accurately as possible by using the computer mouse or pen and paper. 

In calculating the recall accuracy, the 2D perspective of the video images of the actual 

3D situations may cause a perspective bias. As in most video clips the defenders were 

further away from the camera than the attackers, similar errors in pixel coordinates for 

the defenders and attackers would result in larger actual errors for the defenders.

 To eliminate this perspective bias we introduced two new methods to analyse pattern 

recall accuracy in Chapter 2: (i) instead of pixel coordinates we calculated pattern recall 

accuracy in real-world coordinates, and (ii) instead of absolute positions of separate 

players we analysed player positions relative to each other as we hypothesised that for 

pattern recall the characteristics of the patterns were more important than the absolute 

position of each single player. Using both the traditional analysis method and our two 
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new analysis methods, we examined the differences in pattern recall performance within 

a group of talented female soccer players and we explored the role of gaze behaviour in 

recalling patterns of play. Gaze behaviour analyses revealed no differences in search rate, 

fixation duration, fixation order or fixation location between trials that resulted in good 

or poor pattern recall accuracy. Therefore, it seems that the differences in recall accuracy 

were caused by differences in processing the visual information, rather than differences 

in visual search strategy, which is consistent with earlier findings of Gorman, Abernethy, 

and Farrow (2013a). The results also showed that the differences in recall accuracy 

between the defensive and offensive elements were not consistent across the methods 

of analysis, which confirmed that the perspective in the video clips introduced a bias and 

that this should be taken into account in further research. Irrespective of the method 

of analysis, the participants encoded the pattern significantly further in advance of the 

actual finishing point of the video clip. This means that although the participants were 

instructed to recall the positions as last seen in the video clip, they intuitively predicted 

the next likely state of the pattern of play. This finding is consistent with previous research 

on pattern recall and pattern recognition (Didierjean & Marmeche, 2005; Gorman, 

Abernethy, & Farrow, 2011, 2012, 2013b), and provides support for the idea that pattern 

recall serves an anticipatory function, it allows expert players to predict future situations 

based on the current configuration of players and thereby helps to decide upon the best 

course of action (Farrow, McCrae, Gross, & Abernethy, 2010; Gorman et al., 2012, 2013b; 

Williams & Davids, 1995).

 The degree to which different perceptual-cognitive skills are related is a significant 

issue (Farrow et al., 2010), as it helps to reveal whether pattern recall, anticipation, and 

decision making are independent skills that should be acquired separately, or whether 

they are all related and underpinned by similar cognitive processes (Gorman, Abernethy, 

& Farrow, 2015; North, Williams, Hodges, Ward, & Ericsson, 2009). One possible way to 

gain insight into these underlying mechanisms or processes is through the examination 

of gaze behaviour. Differences in gaze behaviour when performing various perceptual-

cognitive skill tests means that different processes underpin these perceptual-cognitive 

skills (North et al., 2009). To determine the degree to which the three tests of perceptual-

cognitive skill are related we examined the correlations between the tests and the 

similarity of the gaze of skilled soccer players when performing those tasks in Chapter 

4. The results revealed that there were no significant correlations between the level 

of performance on any of the three tests, suggesting that anticipation, pattern recall, 

and decision making are all three unique skills. The analysis of gaze behaviour revealed 

significant differences in search rate, fixation duration, fixation order, gaze entropy, 

and percentage viewing time towards the areas of interest when performing the test of 

pattern recall compared to the way that the tests of anticipation and/or decision making 

were performed. This provided strong evidence for the unique characteristics of pattern 
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recall, but with no significant differences between any of the measures of gaze behaviour 

when performing the tests of anticipation and decision making, the underlying processes 

responsible for anticipation and decision making might be much less distinct. However, 

the lack of correlation between the test scores for anticipation and decision making, and 

the fact that the participants chose the same response in these two tests in only 65% of 

cases (likelihood of identical answers was 25% by chance), implies that the participants 

approached the tests of anticipation and decision making differently. Altogether, the 

results indicated that anticipation, pattern recall, and decision making seem to be 

independent skills that are not underpinned by one underlying skill or identical cognitive 

processes. Therefore, it could be that some perceptual-cognitive skills are more related 

to actual performance on the field than others, and this could depend on how well the 

separate tests reflect the processes that are needed for actual actions on the field.

 An important topic in recent literature is whether a relationship exists between 

performance on those tests of perceptual-cognitive skill and actual on-field performance 

(Mann & Savelsbergh, 2015; Pinder et al., 2015; Williams & Ericsson, 2005). Previous 

studies have used the expert-novice comparison to examine differences in perceptual-

cognitive skill between skill levels, and assumed that the perceptual-cognitive skills for 

which there are differences must comprise an important element of expertise. However, 

this expert-novice approach does not provide direct evidence that performance on 

those tests is related to on-field performance. For that purpose in situ performance of 

participants should be directly related to their performance on video-based tests of 

perceptual-cognitive skill. To do so, an objective and reliable assessment tool for on-field 

performance must be developed first, since earlier developed performance assessment 

instruments for team sports only examine the player in possession of the ball and not the 

other players involved in the game, or contain a high level of subjectivity as the observer 

has to evaluate the appropriateness of the player’s actions. We therefore developed an 

objective and detailed notational analysis system with which the performance of all 

players involved in a small-sided game can be assessed, and we examined the validity and 

reliability of it in Chapter 3. In this system, at any one point in time each player has one 

of three roles: attacker with ball, attacker without ball, and defender. Possible actions 

and outcomes as well as the a priori determined number of points a player earns when 

performing that action (and the consequent outcome) were determined by two experts 

with over 25 year of experience in coaching soccer at the national and international 

level. For example, a player earns two points when he/she passes the ball in forward 

direction to a teammate and this teammate successfully receives the ball. All actions 

and the consequent outcomes were registered for each player on the field by analysing 

video footage of in situ games frame-by-frame. Performance scores for each role are 

subsequently calculated as the average number of points a player earns per trial in that 

role. The notational analysis system was tested on 3 vs. 2 + GK small-sided games played 
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by 19 highly talented female soccer players. Besides high content and ecological validity, 

the results showed significant concurrent validity (i.e., significant correlations between 

the performance scores attained with the notational system and judgments of the head 

coach), construct validity (i.e., significant differences in performance scores between 

high- and low-skilled players), and reasonably good intra- and inter-observer reliability. 

 Using this notational analysis system the in situ performance of skilled soccer 

players was assessed and related to their performance on separate tests of anticipation, 

pattern recall, and decision making in Chapter 4 in order to examine how well these 

tests accurately represent the on-field performance they are designed to sample. 

The results revealed that on-field performance could not be predicted on the basis of 

performance on the perceptual-cognitive tests. This indicates that the traditional video-

based tests of anticipation, pattern recall, and decision making may not be as strong 

a determinant of actual performance as has been previously been assumed, and that 

caution is warranted when using these video-based tests for talent identification or to 

evaluate the effectiveness of interventions. To accurately capture perceptual-motor 

skills of athletes, in situ research designs should be used so that the task constraints and 

response mode represent as accurately as possible the actual skill and context in which 

the athlete is engaged. However, so far hardly any studies have been conducted on the 

direct relationship between decision making and gaze behaviour using an in situ design, 

which is exactly what we did in Chapter 5. 

 To gain insight into the visual information that players use to make decisions and 

control their actions, we studied the decision-making skills and gaze behaviour of 

skilled basketball players in situ in Chapter 5. The participants played as ball carrier in 

a specific 3 vs. 3 basketball play on both the left and right side of the court and facing 

three different types of defence. The ball carrier had to decide upon and perform one of 

four options: shoot, drive, or pass to one of two teammates, while concurrently wearing 

a mobile eye tracking device in part of the trials. The findings comparing the trials with 

and without eye tracking device revealed no differences in the decisions of the players 

nor in the quality of the decisions. This shows that using eye tracking in in situ research 

designs does not (necessarily) interfere with task execution and performance, indicating 

that eye tracking provides a powerful tool to investigate the relationship between 

perception and action in complex in situ sport settings. The findings also showed that 

the players mainly relied on central vision to execute a perceptual-motor action, whereas 

for decision making peripheral vision seemed to play an important role. As expected the 

players primarily fixated on the option they chose at the end of the trial, but prior to 

fixating on this eventually chosen option the players spent most time fixating on central 

locations. They may have used a point in this area as an anchor point and detected 

information about the developing situation using both central and peripheral vision, which 

is in accordance with the findings of Ryu, Abernethy, Mann, and Poolton (2015); Ryu, 
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Abernethy, Mann, Poolton, and Gorman (2013). The results revealed that correct decisions 

were accompanied by fixation transitions between the central fixation locations whereas 

fixation transitions from more remote fixation locations were associated with incorrect 

decisions. This underlines the importance of peripheral vision in decision making. Using 

solely the traditional gaze measures like search rate, fixation duration and percentage 

viewing time no differences were found in visual search strategies across the different 

chosen options. However, using more advanced gaze analysis methods differences in 

visual search strategies across the chosen options were found. The scan paths and time 

series analysis revealed that visual search strategies were more diverse and resulted in 

later fixations on the chosen option when passing than when shooting or driving (i.e., 

individual actions). This underlines the need for developing and using newer and more 

informative methods to analyse gaze than the traditionally used gaze variables. Finally, 

the results also showed that handling the ball with the dominant or non-dominant hand 

influenced the decisions that were made. When dribbling with the dominant hand, the 

participants more often chose to shoot or to pass to a risky but advantageous option 

compared to when dribbling with the non-dominant hand. This shows that the action 

(i.e., dribbling with dominant or non-dominant hand) reflects different constraints (and 

thus different action possibilities or affordances) leading to different decisions, which is 

in support of the embodied choice framework (Lepora & Pezzulo, 2015). 

 After these studies focusing on capturing expert performance in team sports reliably 

and objectively and identifying underlying mechanisms, the final experimental chapter 

(Chapter 6) of this thesis concerned the third stage of the expert performance approach 

(Ericsson & Smith, 1991) which is aimed at the development of tactical skills. Research 

has demonstrated that allowing learners to control (some) features of their own learning 

process enhances motor skill acquisition, especially self-controlled feedback has been 

proven to be effective in a variety of individual tasks (Aiken, Fairbrother, & Post, 2012; 

Chiviacowsky & Wulf, 2002; Chiviacowsky, Wulf, de Medeiros, Kaefer, & Tani, 2008; Post, 

Aiken, Laughlin, & Fairbrother, 2016; Ste-Marie, Vertes, Law, & Rymal, 2013). However, in 

contrast to the effects on individual tasks, the effectiveness of self-controlled feedback 

on complex skills that involve multiple persons was unknown before the present study. 

We examined the effects of self-controlled video feedback on tactical skills in 3 vs. 2 

small-sided soccer games, and were particularly interested in the preferences of the 

players for how often and when to receive video feedback and whether self-controlled 

video feedback stimulates the learners’ involvement in their own learning process, as 

this latter has been suggested to be a possible explanation for the beneficial effects of 

self-controlled learning (Ferrari, 1996; Janelle, Barba, Frehlich, Tennant, & Cauraugh, 

1997; Wulf, Clauss, Shea, & Whitacre, 2001). To that end, highly talented youth soccer 

players were assigned to a self-control or yoked group and received video feedback on 

their offensive performance in the small-sided games. The three attackers and the coach 
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collectively watched the video and their conversations were videotaped, transcribed and 

analysed. One of the most interesting findings of this study was that the participants 

of the self-control group showed a preference for receiving feedback after relatively 

good trials, though, analyses of the conversations around the video feedback showed 

that the participants and coach discussed both positive and negative aspects of the 

trial and how to improve it. Thus, the video feedback was being used to confirm success 

(Chiviacowsky & Wulf, 2002) and to correct errors (Salmoni, Schmidt, & Walter, 1984). 

The analyses of the conversations also showed that although the coach had a major role 

in the conversations, the participants of the self-control group spoke more and showed 

more initiative in comparison to the participants of the yoked group. Therefore, the 

ability to control video feedback seems to have a positive effect on the involvement of 

the players in their own learning process. The findings further revealed no significant 

differences between the self-control and yoked group in performance scores as awarded 

by the coach or by the players themselves. Therefore, this study could not reveal a direct 

beneficial effect of self-controlled video feedback on performance in small-sided soccer 

games, as was found earlier in individual tasks, but it suggests that the effects of self-

controlled feedback on tasks involving multiple persons are more indirect (i.e., more 

active involvement in learning process).

Main conclusions

In sum, this thesis aimed at studying how experts perform and learn tactical skills. 

Based on the expert performance approach (Ericsson & Smith, 1991), we first examined 

how performance in team sports can be captured in a reliable and objective manner. 

The current thesis shows that to this end, the traditionally used video-based tests of 

anticipation, pattern recall, and decision making are not such strong determinants of 

actual performance as has been previously assumed, since on-field performance could 

not be predicted on the basis of performance on the perceptual-cognitive tests (Chapter 

4). Specifically, projecting 3D visual information onto a 2D display causes a perspective 

bias in pattern recall tests that cannot be ignored but should be corrected for (Chapter 2). 

Using such a correction, we showed that there were no significant correlations between 

the level of performance on any of the tests of anticipation, pattern recall and decision 

making, which suggests that these tests are measuring unique skills that are not strongly 

related to each other, and it could be that performance on these perceptual-cognitive 

skill tests is a by-product rather than a characteristic of expertise (Chapter 4). To 

accurately capture performance in team sports in situ research designs should be used in 

which the task constraints replicate as accurately as possible the actual skill and context 

in which the athlete is engaged, because even an action itself (for example playing with 
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the dominant or non-dominant hand) influences the decisions that are made (Chapter 5). 

In order to do so, we developed an objective and detailed notational analysis system 

specific for small-sided soccer games with which the performance of all the players 

involved in the game can be assessed, and this system showed to have high validity and 

reasonably good reliability (Chapter 3).

 With regard to the second phase of the expert performance approach, which is to 

determine the processes and mechanisms that underlie performance in team sports, 

we showed that eye tracking devices can successfully be used in complex in situ sport 

settings and that these provide a powerful tool to investigate the relationship between 

perception and action (Chapter 5). Using eye tracking we found that basketball players 

mainly rely on central vision to execute perceptual-motor actions and that for decision 

making peripheral vision seems to play an important role (Chapter 5). We also showed 

that insight into visual search strategies is limited when only using traditional gaze 

variables like search rate, fixation duration, and percentage viewing time; using more 

advanced gaze analysis methods like scan paths or time series analyses yields more 

informative results (Chapter 5). 

 The aim of the final stage of the expert performance approach is to examine the 

acquisition of the identified characteristics of expertise. To this end, we examined the 

effects of self-controlled video feedback in small-sided soccer games. Although the 

participants of the self-control group showed a preference for receiving feedback after 

relatively good trials, we could not find a direct beneficial effect on performance. Instead 

the effects seem to be more indirect: participants of the self-control group spoke more 

about the video footage and showed more initiative in the discussions around the video 

than the participants of the yoked group. Therefore, the ability to control video feedback 

seems to have a positive effect on the involvement of the players in their own learning 

process (Chapter 6). Furthermore, we showed that the video feedback was used to both 

confirm success and to correct errors (Chapter 6). 

General discussion and suggestions for future 
research

Research design
One of the main conclusions of this thesis is that in situ research designs should be used to 

accurately capture performance in team sports, as we have shown that the traditionally used 

video-based tests of anticipation, pattern recall, and decision making could not be used to 

predict on-field performance. A disadvantage however of using in situ research designs is 

that its methodological rigour and control is less than in simulation studies. The popularity of 

video-based laboratory tasks to examine performance and expertise in sport seems plausible 
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given the important advantage of video that it enables the reproducibility of situations in a 

consistent manner from trial to trial, and thus provides an objective method to evaluate 

performance. However, this is outweighed by the fact that video-based laboratory tasks fail 

to adequately replicate the natural performance setting in which the athlete is engaged. 

The visual stimulus in video clips is a less than veridical simulation of the actual performance 

environment, and this has been shown to result in different movement and gaze behaviours 

of athletes compared to in situ conditions (Dicks, Button, & Davids, 2010; Mann, Williams, 

Ward, & Janelle, 2007; Travassos et al., 2013). Requiring participants to respond to the video 

clips verbally or by using button-presses or simplified movements, changes their behaviour 

(Dicks et al., 2010; Mann et al., 2007; Travassos et al., 2013) as the natural perception-action 

coupling is absent and only the role of ventral “vision-for-perception” system is examined 

whereas the contribution of the dorsal “vision-for-action” system is overlooked (two-visual 

system model of Milner and Goodale (1995); Van der Kamp, Rivas, Van Doorn, & Savelsbergh, 

2008). Furthermore, a study of Ryu et al. (2015) showed that even static response slides 

on itself could contain sufficient information to influence response selection to better-

than-chance levels in a video-based decision making task. Thus video-based tests seem to 

be inadequate for both the stimulus and the response mode. Therefore, task constraints 

selected for empirical investigation should be as representative as possible for accurate 

testing, and in situ research designs fulfil these criteria. Nevertheless, a precondition for 

successfully measuring performance in team sports in situ is that the method of assessing 

performance on the field is objective and reliable. 

 A good first step in this direction was taken by developing a detailed notational analysis 

system (Chapter 3) with which the performance of players involved in small-sided soccer 

games can be assessed. However, we have to admit that until now this system is only suitable 

for soccer and adaptations should be made to the system to make it appropriate for other 

team sports as well. Furthermore, on the one hand the detailed character of the notation 

analysis system is one of its strengths as it reveals a great deal of specific information about 

the players, but on the other hand it also makes using the notational analysis system very 

labour-intensive and consequently possibly less attractive to use in science or in practice. 

Upcoming technical advances should make it possible to automatize the notational analysis 

system in the near future by using specialised cameras and software that can track the 

positions of the players and ball in combination with specially designed algorithms. This 

would be time-saving and could possibly also improve the reliability of the system. Possible 

next steps would be to validate the notational analysis system on a larger group of male and 

female players of varying age and skill levels, and to apply the notational analysis system 

on full matches, which would be of both scientific and practical relevance as it is the most 

representative method of assessing performance of team sport athletes. Subsequently 

coaches can use the information to follow the development of their players and to inform 

their game strategy. 
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Another suggestion for future research is to use virtual reality, as it seems to be a 

promising compromise between ecological validity and methodological control. Current 

technologies enable the creation of virtual reality simulations that are reasonably 

representative for the actual performance setting, and at the same time, enable trial 

to trial reproducibility (Bideau et al., 2010; Correia, Araujo, Cummins, & Craig, 2012). 

Using these immersive and interactive simulations, studies examining tactical skills 

and performance in team sports can be conducted, and probably temporal or spatial 

occlusion paradigms can be applied to further study what visual information athletes use 

to inform their decision making or the role of peripheral vision in dynamic sport settings. 

However, for a really realistic virtual environment, some technological improvements 

should be made in terms of better graphics and reducing the delay between motion 

and visual simulation. Then athletes’ feeling of being immersed in the situation (i.e., 

presence) will improve and potential problems of nausea when using virtual reality for 

extended periods of time will be diminished. As Gray (2009) showed that visual, auditory, 

and tactile information are collectively used in the control of complex motor actions, 

it would also be interesting to attempt to add tactile information to the virtual reality 

simulations that until now only exist of visual and at times auditory information. 

 Furthermore, the majority of studies of expertise or visual search behaviour in sport 

have compared the performance of participants who possess very different levels of skill. 

Using this approach clear differences have been found between experts and novices 

in perceptual-cognitive skills and gaze behaviour (e.g., Savelsbergh, Williams, Van der 

Kamp, & Ward, 2002; Williams & Ward, 2007). However, when examining tactical skills 

of team sport players one has to acknowledge that not all expert players are expert 

decision makers, since performance in team sports is multifactorial and depends on 

physiological, technical, psychological and tactical skills. Weaknesses in one aspect could 

be compensated by strengths in other aspects. Therefore, in this thesis we examined 

the differences between successful and less-successful performers within a group 

(Chapter 3 and 4) and between successful and less-successful trials (Chapter 2 and 5). 

Such comparisons are aimed at revealing the more subtle differences in skill or gaze 

behaviour and thus may help to disclose the determinants of successful performance 

that otherwise may have remained unknown when only using studies that rely on expert-

novice comparisons. A precondition is though, that the tests need to be highly sensitive to 

be able to differentiate performance or gaze behaviour of successful and less-successful 

participants, and this might be the cause of some of the null-findings.
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Gaze behaviour
Although we showed in Chapter 5 that mobile eye tracking systems can be used 

successfully to measure gaze behaviour of athletes in dynamic sport settings such as 

basketball, more research in various team sports is needed to investigate the direct 

relationship between perception and action. Moreover, despite technological advances 

there are some substantial limitations of eye tracking techniques that require caution 

when interpreting gaze behaviour. As also mentioned in the General introduction of this 

thesis, eye registration devices measure foveal fixations but these are not necessarily 

directly related to information extraction or attentional focus. First, when a person 

directs his gaze towards a certain location, this is not an assurance that he/she picks 

up information from that location (Ryu et al., 2013; Williams & Davids, 1998; Williams, 

Janelle, & Davids, 2004). This difference between ‘looking’ and ‘seeing’ was also reported 

in Chapter 2, as trials that resulted in good and poor pattern recall accuracy scores were 

accompanied by similar visual search strategies, thus the differences in pattern recall 

score were caused by differences in processing or interpreting visual information instead 

of the employed visual search strategy itself. Second, attention can also be relocated 

in the visual field without making distinctive eye movements to change the point of 

fixation (Ryu et al., 2013; Williams & Davids, 1998; Williams et al., 2004). This means 

that knowing the line-of-gaze of someone does not tell where the person’s attention is 

at that time. The fixation location could reflect one’s attention via central vision, or the 

fixation location could be used as an anchor point to extract information from the visual 

periphery. Peripheral vision seems to be specifically important for decision making in 

team sports (Chapter 5; Ryu et al., 2015; Ryu et al., 2013; Williams & Davids, 1998). More 

research including manipulations of central and peripheral vision in situ is needed to gain 

further insight into the role of peripheral vision in team sports. 

 Another issue in using eye tracking techniques that warrants attention is the context-

specificity of visual search strategies. Watching the same video clips for the purposes of 

anticipation, decision making and pattern recall results in differences in visual search 

strategies, as shown in Chapter 4 and other studies (Gorman et al., 2015; North et al., 

2009). Moreover, Williams and Davids (1998) and Vaeyens, Lenoir, Williams, Mazyn, and 

Philippaerts (2007) have shown that gaze behaviour also depends on task constraints 

such as the number of players displayed in video-based presentations. This means 

that in addition to performance athletes’ visual search strategies vary under different 

experimental designs, and consequently it seems incorrect to assume understanding 

of the visual information used by athletes in sport settings when assessed with video 

simulation tasks and different task constraints. Therefore, attention should be paid to 

the task constraints when comparing results of multiple visual search studies and when 

measuring gaze behaviour in general. Especially, caution is needed when visual search 

strategies of experts are being identified to develop visual attention training. Event-
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related visual occlusion goggles (Mann, Abernethy, & Farrow, 2010; Oudejans, 2012; 

Oudejans, van de Langenberg, & Hutter, 2002) appear to be a good tool to train vision 

during perceptual-motor tasks, as it enables the use of representative task constraints 

and preserves the natural perception-action coupling. 

 Finally, gaze behaviour measurements of players in dynamic team sport settings 

contain a potential wealth of information, however it appears to be difficult to reduce 

that into the traditionally used dependent variables like search rate and fixation duration 

(Chapter 5; Mann, Farrow, Shuttleworth, & Hopwood, 2009). The use of time series 

graphs and scan paths (Chapter 5) is a good first step to enhance our understanding of 

visual search, but other advanced gaze analysis methods should be explored as well in 

future research. By averaging data across trials and participants for statistical analyses, 

important individual differences may have been disguised as this assumes that there 

exists an optimal or universal visual search strategy for all participants (Dicks et al., 2010; 

Withagen & Chemero, 2009). In future research it may be more informative to examine 

gaze behaviour of participants at an individual level in order to thoroughly examine the 

direct relation between perception and action in dynamic sport settings. In addition 

to the most obvious source of perceptual information (i.e., vision), it would also be 

interesting for future studies to examine how athletes use auditory or tactile information 

or integrate multisensory information to inform their decision making. 

Video feedback
The indirect beneficial effects of self-controlled feedback on performance in small-sided 

soccer games (i.e., more active involvement of the players in their own learning process; 

Chapter 6) could be due to the multifactorial nature of performance in small-sided 

games, as well as to the design of the study. The limited number of training sessions 

employed in the study may have been too low to induce a significant performance effect. 

It could be that the participants had not maximized their possible learning benefits by 

the end of the intervention period, and thus our findings may not completely reflect the 

complete extent of the benefits of self-controlled video feedback. Empirical work with 

longer intervention periods is required to verify this. 

 Participants of the self-control group preferred to receive feedback after good trials. 

Post training questionnaires, however, showed that only three out of seven participants 

from the self-control group indicated that they intended to request feedback after they 

thought they had a good trial. This discrepancy may be explained by the complexity of 

the trials in the small-sided game; the trials were too complicated to label as either good 

or bad. Some aspects of the performance might have been good while other aspects 

were not. This was also supported by the finding that although the participants requested 

feedback more often after relatively good trials, in the conversations around the video 

feedback both positive and negative aspects of the trial were discussed. To gain more 
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insight into how participants use self-controlled feedback to enhance the learning of a 

complex task, future research should involve the effects of self-controlled feedback and 

the feedback preferences of the learner in relation to the specific aspect of performance 

the individual is focusing on or the specific goal the individual set for him/herself. 

 Another interesting direction for future research is the necessity of attentional 

guidance by a coach or expert when using self-controlled video feedback. Due to the 

information-richness of video footage, it has been suggested that video feedback is 

most beneficial for learning when attentional cues are provided to direct the learner’s 

attention to the critical information in the video (Janelle, Champenoy, Coombes, & 

Mousseau, 2003; Landin, 1994; Rothstein & Arnold, 1976). However, if players get the 

opportunity to decide themselves when they want to receive video feedback or which 

parts of a filmed match or training session they want to see, they probably have a reason 

for their decision to request or not to request video feedback. It could be that this reason 

is enough to direct the learner’s attention to certain aspects in the video footage and 

that attentional cues from an expert will not provide added value. Future research could 

examine this by presenting self-controlled video feedback on a complex skill with and 

without attentional guidance of an expert. 

Practical implications

The results of the current thesis have a wide range of practical implications. First of 

all, to accurately measure performance in team sports we recommend selecting test 

situations in which the task constraints replicate the actual performance environment of 

the athlete as precisely as possible (i.e., in situ research designs; Chapter 4). This means 

that the assessment of performance should take place on the field in game play and 

not using video-based skill tests of anticipation, decision making or pattern recall. The 

performance of the players should be evaluated in all roles of the game, that is, on-the-

ball and off-the-ball, and in offense and defence. This can be achieved using our developed 

notational analysis system (Chapter 3). Team sport players participate in small-sided 

games and video footage of the games will be thoroughly analysed afterwards. In this 

way, the criteria for a representative environment are met, and furthermore participants 

will hardly notice that their performance is being assessed and the assessment session 

can easily be implemented into a regular training session. Although up to now using the 

notational analysis system is very labour-intensive, upcoming technological advances 

will make it possible to automatize the notational analysis system in the near future. 

 The notational analysis system can serve several purposes in team sports as we have 

also shown in Chapter 3. In addition to the commonly used judgments of scouts, the 

notational analysis system can be used to determine the quality of players for talent 
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identification or to select team members. It also enables to follow the development 

of players during a season or over years, and to set and evaluate individual goals with 

the players. After creating a large benchmark of male and female players of varying 

age and skill levels, the notation system can also be used to create player profiles to 

identify the individual strengths and weaknesses of the players, and to use the system 

as talent identification tool as players can easily be compared. Also, coaches can use 

the information of the notational analysis system to screen opponents or to compare 

players within their team and to use this information to select a more offensively or 

defensively competing player according to their preferred game strategy. With some 

slight modifications it should also be possible to incorporate team strategies into the 

system, so that the system reveals even more specific information to the coaches and 

players. 

 Mobile eye tracking devices can be used in dynamic sport settings to measure gaze 

behaviour of players during in situ game play (Chapter 5). This can be done to gain insight 

into where players are looking while performing on the field, and consequently if needed 

to set up training interventions to improve their visual search behaviour. For example, we 

showed that when players make an incorrect decision, on most occasions they have not 

fixated on the correct option (Chapter 5). Thus, these incorrect decisions could be caused 

by fixating too much on less-informative locations in the environment, and thus missing 

out on the more relevant visual information. This suggests that players may benefit from 

learning where to look to pick up more relevant information to make better decisions. 

Event-related visual occlusion goggles (Mann et al., 2010; Oudejans, 2012; Oudejans et 

al., 2002) offer a good tool to train visual skills on the field, as they enable the use of 

representative task constraints and preserves the natural perception-action coupling. 

Earlier research on visual attention training in more isolated sport skills, for example the 

basketball jump shot, has revealed that it can improve perceptual-motor performance 

(e.g., Oudejans, 2012; Oudejans, Koedijker, Bleijendaal, & Bakker, 2005). 

 In the commonly used way of video feedback in sport practice, the coach generally 

selects moments of the video footage to show to their players, and often these are 

fragments of game situations in which incorrect decisions were made or the game 

situation was otherwise not well executed. The coach then points out what went wrong 

and how this can be improved. However, this contrasts with the revealed preference of 

players to receive feedback after good attempts (Chapter 6). Furthermore, feedback after 

relatively good trials has been shown to be more effective than after relatively poor trials 

(Badami, VaezMousavi, Wulf, & Namazizadeh, 2012; Chiviacowsky & Wulf, 2007; Saemi, 

Porter, Ghotbi-Varzaneh, Zarghami, & Maleki, 2012). Therefore, it is recommended to 

select video clips of game situations more often that are performed well. This may create 

a larger success experience for the learner, which increases motivation which in turn 

can enhance learning. Selecting video clips of good attempts does not necessarily mean 
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that only positive aspects of performance can or should be discussed. We showed that 

although the players in our study more often chose to watch video feedback of good 

attempts, they still were critical about their own performance and discussed both positive 

and negative aspects and how to improve their performance. Thus, the players and coach 

used video feedback to both correct errors and to confirm success. Furthermore, it is 

recommended to give players the possibility to choose when to receive video feedback, 

as it results in more active involvement of the players in their own learning process 

(Chapter 6), which is especially valuable for talent development programs.
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Teamsport biedt een unieke en dynamische omgeving waarin het vermogen om visuele 

informatie op te pikken om te beslissen over een vervolgactie essentieel is voor een 

goede prestatie. Omdat deze beslissingen vaak onder tijdsdruk gemaakt moeten worden, 

moeten de spelers snel het spelpatroon herkennen, anticiperen wat er gaat gebeuren 

en een snelle maar accurate beslissing nemen. Deze kunst van ‘het spel lezen’ is het 

onderwerp van dit proefschrift. Gebaseerd op de drie fases van de expert performance 

approach van Ericsson en Smith (1991), hebben we eerst onderzocht hoe tactische 

vaardigheden in teamsporten objectief en betrouwbaar kunnen worden gemeten. 

Vervolgens hebben we een studie gedaan om meer inzicht te krijgen in de onderliggende 

mechanismen van tactische vaardigheden. En tot slot hebben we gekeken hoe tactische 

vaardigheden kunnen worden ontwikkeld. 

Het meten van tactische vaardigheden
Bij topsporters wordt consequent gevonden dat ze uitblinken in verschillende 

perceptueel-cognitieve taken, zoals anticiperen, spelpatronen herkennen en het nemen 

van beslissingen. Deze vaardigheden worden doorgaans gemeten met behulp van 

simpele videotesten, waarbij de deelnemers niet hoeven te bewegen maar ze hun actie of 

antwoord mondeling kenbaar maken of door op een knop te drukken. Ondanks dat deze 

testen een groot voordeel hebben voor wat betreft methodologische controleerbaarheid, 

is er steeds meer kritiek gekomen op hoe goed deze testen de echte prestatie op het veld 

representeren. Dit proefschrift laat zien dat deze traditioneel gebruikte videotesten van 

anticipatie, patroonherkenning en het nemen van beslissingen minder sterke voorspellers 

zijn van de prestaties op het veld dan voorheen werd aangenomen. We hebben namelijk 

bij een groep zeer getalenteerde voetbalsters de prestaties op het veld vergeleken met 

hun prestaties op de videotesten. De werkelijke prestaties op het veld bleken niet te 

kunnen worden voorspeld op basis van de prestaties op de videotesten (Hoofdstuk 4). 

Voorzichtigheid is dus genoodzaakt bij het gebruik van videotesten om talenten te 

identificeren of om de effectiviteit van trainingsinterventies te bepalen. 

 Bovendien hebben we gevonden dat er bij het gebruik van videotesten voor 

patroonherkenning rekening moet worden gehouden met een bias in perspectief die 

wordt veroorzaakt door het projecteren van 3D visuele informatie op een 2D scherm  

(Hoofdstuk 2). Om hiervoor te corrigeren hebben we twee nieuwe analysemethodes 

ontwikkeld: een methode waarbij we de 2D coördinaten terugrekenen naar coördinaten in 

de werkelijke wereld en een methode waarbij in plaats van de posities van elke afzonderlijke 

speler juist de posities van de spelers in relatie tot elkaar worden geanalyseerd. Gebruik 

makend van deze correcties, hebben we geen verbanden gevonden tussen de prestaties 

op de afzonderlijke testen voor anticipatie, patroonherkenning en het nemen van 

beslissingen van een groep zeer getalenteerde voetbalsters. Dit suggereert dat deze 

testen unieke vaardigheden meten die niet sterk gerelateerd zijn aan elkaar, en dus 
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zou het kunnen dat presteren op deze perceptueel-cognitieve taken een bijproduct van 

expertise is, in plaats van een kenmerk ervan (Hoofdstuk 4). 

 Om prestaties van teamsporters accuraat te meten moeten in situ onderzoeksdesigns 

gebruikt worden zodat de taak, de vereiste reactiemethode en de omgeving zo veel 

mogelijk overeenkomen met de echte vaardigheid en omgeving van de sporter. Er moet 

dus op het veld gemeten worden. Om dit te kunnen doen hebben we een objectief en 

gedetailleerd notatie-analysesysteem ontwikkeld voor kleine voetbal spelvormen, 

waarmee de prestaties van alle spelers op het veld gemeten kunnen worden (Hoofdstuk 

3). In dit systeem heeft elke speler op elk moment in de tijd een van de volgende drie 

rollen: aanvaller met bal, aanvaller zonder bal, of verdediger. Voor alle mogelijke acties 

en uitkomsten werd vooraf een daarbij horend aantal punten vastgesteld door twee 

topcoaches met meer dan 25 jaar ervaring in het nationaal en internationaal voetbal. 

Zo krijgt een speler bijvoorbeeld 2 punten wanneer hij/zij de bal voorwaarts naar een 

teamgenoot speelt en deze teamgenoot de bal ontvangt en maar 1 punt als deze pass 

zijwaarts of achterwaarts was. Door videobeelden van spelvormen beeld voor beeld te 

analyseren kunnen alle acties en uitkomsten daarvan voor elke speler op het veld worden 

geregistreerd. Vervolgens kunnen prestatiescores berekend worden als het gemiddelde 

aantal punten dat een speler in elke rol haalt binnen een bepaalde tijdsperiode. Dit 

notatie-analysesysteem werd getest op een 3 tegen 2 met keeper spelvorm, die werd 

gespeeld door zeer getalenteerde voetbalsters. Het notatie-analysesysteem bleek valide 

en redelijke betrouwbaar te zijn (Hoofdstuk 3). 

Onderliggende mechanismen van tactische vaardigheden
Om de processen en mechanismen te onderzoeken die ten grondslag liggen aan 

presteren in teamsporten, hebben we een studie gedaan om meer inzicht te krijgen in de 

visuele informatie die spelers gebruiken om beslissingen te nemen en acties uit te voeren 

(Hoofdstuk 5). Ervaren basketbalsters namen als balbezitter deel aan een specifieke 3 

tegen 3 basketbal spelsituatie. De verdediging werd geïnstrueerd om op één van drie 

verschillende manieren te verdedigen en de balbezitter moest daarop reageren door een 

optie te kiezen en de actie uit te voeren: schieten, naar de basket driven voor een lay-up, 

of passen naar één van de twee teamgenoten. Daarbij droeg de balbezitter een speciale 

bril om het kijkgedrag te meten. De resultaten lieten zien dat het dragen van de bril geen 

invloed had op het spel van de balbezitter. Daarmee was dit de eerste studie die laat zien 

dat het meten van kijkgedrag goed uitgevoerd kan worden in complexe sportsituaties op 

het veld, en dus dat dit een geschikte manier is om de relatie tussen perceptie en actie 

te onderzoeken (Hoofdstuk 5). Ook vonden we dat de basketbalsters vooral het centrale 

zicht gebruikten om de acties uit te voeren, terwijl voor het nemen van beslissingen het 

perifere zicht een belangrijke rol leek te spelen. Tijdens het spel richtten de speelsters 

vooral hun ogen op het midden van de spelsituatie om vanuit daar ook met het perifere 
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zicht informatie op te nemen over de ontwikkeling van de spelsituatie. Pas aan het 

einde keken de speelsters daadwerkelijk naar de optie die ze kozen om de actie ook echt 

uit te voeren. We hebben ook aangetoond dat het inzicht in kijkgedrag beperkt blijft 

wanneer alleen traditionele kijkgedragvariabelen worden gebruikt zoals, frequentie, 

duur en locatie van fixaties. Wanneer meer geavanceerde kijkgedrag analysemethoden 

worden gebruikt zoals scanpaths en tijdserie-analyses dan levert dat meer informatieve 

resultaten op (Hoofdstuk 5). 

Tactische vaardigheden verbeteren
In de laatste studie van dit proefschrift hebben we gekeken naar hoe tactische vaardigheden 

kunnen worden ontwikkeld. Hiervoor hebben we de effecten van zelfgestuurde video 

feedback in kleine voetbal spelvormen onderzocht. Zeer getalenteerde voetbalsters 

ontvingen video feedback over hun aanvallende prestaties in een 3 tegen 2 spelvorm. De 

helft van de groep mocht zelf kiezen wanneer ze feedback kregen (zelfgestuurde groep) 

en de andere helft niet (controlegroep). Direct na een aanval keken de aanvallers en de 

coach samen naar de video en hun gesprekken werden opgenomen en geanalyseerd. 

Een van de meest interessante resultaten is dat de zelfgestuurde groep een voorkeur 

lieten zien voor het krijgen van feedback na relatief goede pogingen. De analyses van de 

gesprekken bij de video lieten zien dat zowel goede als zwakke aspecten van de poging 

werden besproken en ook hoe die verbeterd konden worden. Dus de videofeedback 

werd zowel gebruikt om succes te bevestigen als om fouten te corrigeren. Alhoewel we 

geen direct positief effect van het zelf kiezen wanneer je feedback krijgt op de prestatie 

hebben gevonden, leek er wel een meer indirect effect te zijn. De speelsters die zelf 

mochten kiezen spraken meer en toonden meer initiatief tijdens de besprekingen rond 

de videofeedback dan de speelsters van de controlegroep. Dus lijkt de mogelijkheid om 

video feedback zelf te sturen een positief effect te hebben op de betrokkenheid van de 

spelers in hun eigen leerproces (Hoofdstuk 6).

Praktische implicaties
De resultaten van dit proefschrift hebben een breed scala aan praktische implicaties. Ten 

eerste adviseren we om het meten van prestaties in teamsporten op het veld uit te voeren 

en niet door middel van videotesten. De prestaties van de spelers moeten in alle rollen 

van het spel gemeten worden: dus zowel met als zonder bal en in aanval en verdediging. 

Dit kan worden gedaan met het door ons ontwikkelde notatie-analysesysteem. Spelers 

zullen hier nauwelijks iets van merken en het is makkelijk in te passen in reguliere 

trainingen. Ondanks dat het notatiesysteem nu nog erg arbeidsintensief is, zullen 

technologische vernieuwingen het snel mogelijk maken om het proces te automatiseren. 

Het notatiesysteem kan dan voor diverse doeleinden gebruikt worden. Het kan 

bijvoorbeeld ingezet worden in aanvulling op beoordelingen van scouts, om talenten 
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te identificeren, om teams te selecteren, om spelers te volgen in hun ontwikkeling, 

om individuele sterktes en zwaktes in kaart te brengen, om doelen te stellen, en om 

tegenstanders te screenen. 

 Mobiele kijkgedragapparatuur kan gebruikt worden om het kijkgedrag van spelers 

tijdens het spel op het veld te meten. Dit kan worden gebruikt om inzicht te krijgen in 

waar spelers kijken tijdens het spel en om vervolgens trainingsinterventies te ontwikkelen 

die gericht zijn op het verbeteren van het kijkgedrag van de spelers. Dit kan bijvoorbeeld 

gedaan worden met visuele occlusiebrillen waarvan het gebruik al effectief is gebleken 

bij bijvoorbeeld het trainen van het basketbalschot.

 In de sportpraktijk is de tot nu toe meest gangbare methode van gebruik van 

videofeedback dat de coach bepaalt welke fragmenten van de wedstrijd of training 

worden terug gekeken en deze fragmenten zijn vaak situaties waarin iets niet goed gaat, 

zodat de coach dit kan laten zien en kan uitleggen hoe het beter moet. Dit blijkt echter niet 

overeen te komen met de voorkeur van spelers om juist goede pogingen terug te zien op 

video. Bovendien heeft eerder onderzoek al aangetoond dat feedback na goede pogingen 

effectiever is dan na zwakke pogingen. We adviseren daarom om vaker fragmenten te 

selecteren van goede pogingen. Dit betekent niet dat alleen goede aspecten van de 

poging kunnen of moeten worden besproken. Ons onderzoek laat zien dat ondanks dat 

speelsters vooral kozen om de goede pogingen terug te zien, zowel de goede als minder 

goede aspecten werden besproken en hoe die verbeterd konden worden. Daarnaast 

raden we aan om spelers vaker de mogelijkheid te geven om zelf te kiezen wanneer 

ze videobeelden willen terug kijken, want dit leidt tot meer actieve betrokkenheid van 

spelers bij hun eigen leerproces, wat speciaal voor talentenontwikkelingsprogramma’s 

zeer waardevol is. 
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