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ABSTRACT

A study was conducted to test the role mental representations play in executing a 

motor skill under different visual conditions that vary in complexity and vividness. High-

skill (n = 20) and low-skill (n = 20) soccer players performed a passing task to a 10 and 

20 yard (9.14 and 18.29 m, respectively) target under three visual conditions: normal, 

occluded, and distorted in a counter-balanced order omitting visual feedback. Following 

each pass, participants provided an estimate of the perceived final ball destination of their

previous pass. This estimate was contrasted to the observed performance, which was

unknown to the performer. Results revealed that the visual attention conditions and the 

task complexity affected the motor task of both the high-skill and low-skill participants.

High-skill participants, however, performed significantly better than low-skill 

participants on all tasks. Furthermore, high-skill players were able to estimate 

performance better than low-skill participants, across all conditions. Findings have major 

implications on the practice of motor skills under varying visual conditions, because of 

the role mental representations play under conditions of uncertainty.
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CHAPTER 1

INTRODUCTION

Visual information plays an important role in motor control and movement 

production (Robertson & Elliott, 1996). Simple motor tasks can deteriorate under a lack 

of visual information (Schmidt & Lee, 2005). For instance, attempting a soccer pass 

would be considerably harder in the dark, with the lights off, than otherwise would be 

with proper vision. Vision supplies the richest source of information for the production of 

skilled performance (Schmidt & Lee, 2005). To this extent, manipulation of vision can 

result in qualitative and quantitative changes in motor performance (Bennett & Davids, 

1995; Robertson & Elliott, 1996; Wannebo & Reeve, 1984).

The eye is a vital sensory receptor that supplies information regarding the 

movement of objects in the environment (Schmidt & Lee, 2005). When vision is 

impaired, the amount and quality of information can be impacted and often result in a 

debilitation of motor performance (Schmidt & Lee, 2005). Tenenbaum’s (2003) 

sequential decision-making model suggests that the role of vision is central to successful 

performance and decision-making. In this model, visual search and attention are crucial 

components in the anticipatory decision-making, response-selection, and execution 

process. With this in mind, differences in the utilization of vision amongst experts and 

novices in the sport domain have been extensively studied (Ericsson, 2006; Schmidt & 

Lee, 2005; Starkes, 2003). Additionally, expert and novices have been shown to possess 

different visual strategies (Tenenbaum, 2003). This notion received support from a meta-

analysis that examined perceptual-cognitive expertise in sport (Mann, Williams, Ward & 

Janelle, 2007), and concluded that experts use fewer eye fixations for longer durations 

and prolonged quiet eye periods, compared with novices. 

Qualitative differences have also been identified in the use of the visual system 

between performers who differ in skill level with higher expertise performers gazing

toward more relevant environmental cues in the display. In the sport domain, athletes are 

required to allocate visual attention to the most important and relevant cues in order to 

perform at the optimal level (Mann, Williams, et al., 2007). High-skill athletes possess 

enhanced perceptual-cognitive skills, acquired with practice (Mann, Williams, et al., 
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2007). Hence, superior athletes gain advanced anticipatory capabilities, which result in 

efficient action-execution processes (Tenenbaum, 2003). 

A majority of the research examining the role of vision in motor control makes 

use of the occlusion paradigm (Janelle & Hillman, 2003; Mann, Williams, et al., 2007). 

The temporal occlusion paradigm enables comparing anticipatory decisions under 

conditions varying in visual exposure (i.e., normal and occluded vision). Temporal and 

spatial occlusion techniques have been used to investigate the role of vision, as well as to 

examine differences in the utilization of vision among experts and novices in various 

sports including gymnastics, golf, soccer and power lifting (Aksamit & Husak, 1983; 

Bennet & Davids, 1995; Ford, Hodges, Huys & Williams, 2006; Paillard & Noe, 2006; 

Robertson & Elliott, 1996; Wannebo & Reeve, 1984).

Past research has made use of the occlusion paradigm to examine mental 

representations. The rationale for using the occlusion paradigm to study mental 

representations is straight-forward. If removal of visual information (i.e., occlusion) has

little impact on skilled performance, a claim can be made that performance is mediated 

via mental representations. Thus, supporting the notion that high-skill performers develop 

efficient cognitive skills (i.e., mental representations) (Hodges, Huys & Starkes, 2007). 

Nevertheless, while the occlusion paradigm is informative, athletes rarely perform in real 

life situations under occlusion conditions. Moreover, the occlusion condition in research 

settings may force the utilization of and reliance on mental representations. 

Significant differences between experts and novices in anticipatory decisions in 

temporal occlusion paradigm research have been attributed to variations in mental 

representations (Harris, 2008; Tenenbaum, 2003). For instance, skilled athletes in fast 

pace sports (i.e., hockey, baseball and tennis) have been shown to have rapid reaction 

times relative to novices, a consequence of advanced anticipatory abilities that allow 

them to identify the relevant cues earlier and efficiently (Ericsson, 2003). The mental 

representations approach assumes that performance is mediated by internalized mental 

representations (i.e., motor programs/schemas), and that motor performance can be 

accomplished in the absence of visual information (i.e., lack of environmental cues) 

(Ericsson, 2003; Harris, 2008). The knowledge base and structure acquired through 
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practice provides high skill performers an efficient and effective action-execution process 

(Tenenbaum, 2003). 

While the occlusion paradigm has been effective in investigating the role vision 

plays in performing anticipatory tasks, it suffers from ecological validity limitations 

(Mann, Williams, et al., 2007). Ecological validity is often compromised by conducting 

research in laboratory rather than sport settings, and especially in studies utilizing the 

occlusion paradigm (Mann, Williams, et al., 2007). Furthermore, inherent in the 

occlusion paradigm is the implication that athletes competing in sports are either unable 

to see entirely, or on the other hand, are able to see under optimal conditions. However, 

in reality the use of extreme visual conditions (i.e., optimal and occlusion) does not fully 

capture the range of visual information available to athletes during performance. An 

example of a situation in which athletes might perform under sub-optimal visual 

conditions would be playing football or soccer during a heavy rain storm. This type of 

visual condition can be termed “distorted or limited visual information”. 

Under distorted vision, visual information is limited or erroneous. Thus, the 

rational for the use of a distorted condition to examine the mental representations 

approach is similar to the occlusion condition, but with a significant addition. 

Specifically, if limited/incorrect visual information (i.e., distorted vision) will have little 

impact on skilled performance, than performance must be mediated by mental 

representations, even when vision is imperfect. Thus, several questions are of concern: (a) 

does performance deteriorate when the visual information provided is altered? (b) is

performance similar under distorted, normal, and occluded conditions (supporting the 

mental representations approach)? (c) is no visual information better than limited/wrong 

visual information in the production of motor tasks? and (d) do mental representations 

mediate performance under all conditions?

As a result, the role of vision in a self-paced motor task under three visual 

conditions (i.e., normal, occluded and distorted) was examined in the present study. The 

study provides valuable information on the role vision plays in motor control and 

movement production. In addition, the study provides more ecological validity to 

research in this area by examining the impact of partial vision in a sport setting, which 

more closely mirrors the visual information perceived during a game situation. In relation 
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to the mental representations approach, the results of the study help clarify if movement 

is mostly controlled by mental representations, or if visual information also plays an 

important and direct role in movement production.
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CHAPTER 2

LITERATURE REVIEW

In this section I will outline information on the role that vision plays in motor

performance. Two leading approaches addressing this issue are discussed in further 

detail: (a) the mental representations approach, and (b) the ecological/dynamical systems 

approach. 

Approaches to the Role of Vision in Motor Movement

The coordination and control of the motor system has been examined in multiple 

domains using a variety of theoretical orientations (Abernethy, Burgess-Limerick & 

Parks, 1994). Different theoretical accounts concerning the motor system involve

different assumptions about the role of visual information in motor control and movement 

production (Harris, 2008). Mental representations and ecological/dynamical systems 

accounts of motor performance are dominant conceptualizations in the extant literature 

(Schack & Tenenbaum, 2004). While the two perspectives are pervasive in the literature, 

each one holds different assumptions regarding the role of vision.

Mental Representations Approach

Foundations of the Mental Representations Approach

The mental representations approach is founded in traditional cognitive 

psychology (Abernethy et al., 1994). The assumptions imperative to cognitive and 

information processing approaches lay the foundations in support of theories relating to 

mental representations, namely schemas, mental maps, and motor programs. 

Mental representations approach and performance. The fundamental principle of 

the mental representations approach is that performance is mediated by internalized 

mental representations (Ericsson, 2003). A number of characteristics, relating to mental 

representations, have been linked with superior performance on motor tasks, such as

attention to cues, improved pattern recognition, enhanced memory characteristics (e.g.,

knowledge base and structure), advanced anticipatory abilities, and efficient visual 

strategies (Hodges, Starkes & MacMahon, 2006). Investigations examining some of these 

characteristics are discussed in this section. It is important to note, however, that the basis 

for these enhanced characteristics (and subsequently improved performance) is the 

acquisition, through practice, of both advanced declarative and procedural knowledge 
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within a specific domain of interest (Abernethy et al., 1994; McPherson & Vickers, 

2004). As such, the majority of research supporting the mental representations approach

involves the examination of differences between high and low skill performers. 

Research Supporting the Mental Representations Approach

This section is focused upon research on mental representations as a mediator of 

performance. Evidence supporting the centralized mechanism (i.e., motor programs) 

responsible for movement control (Schmidt & Lee, 2005) is described. 

Motor programs. Motor programs and mental representations essentially relate to 

the same procedural (or representational) mechanism which mediates performance

(Beilock, Wierenga & Carr, 2003). The difference lies in the domain of study. While 

“mental representation” is the term often used in the cognitive domain, the term “motor 

program” is commonly used in the sensorimotor domain.

The notion that motor programs exist and that movement is planned and 

programmed (before initiation of movement) is in line with the mental representations

approach (Schmidt & Lee, 2005). Evidence for a set of pre-planned commands (e.g.,

motor programs) comes from studies examining reaction times (RT); results indicate that 

there is an increase of RTs in tasks that require complex movements (Schmidt & Lee, 

2005). Hence, more time is necessary to plan and program complex movements. Even 

still, deafferentation studies provide evidence that movement does not require sensory 

feedback, thus implying that movement must be controlled and organized by central 

mechanisms such as motor programs or mental representations (Schmidt & Lee, 2005). 

The evidence supporting motor programs (i.e., mediating cognitive processes) is 

important in providing a framework for exploring the role of environmental information 

in the production of movement. However, to further capture the underlying mechanisms 

mediating performance, a more detailed examination of the role of visual information in 

the production of superior performance is essential. 

Visual information. The information processed by the visual system can be 

organized into two main categories: cognitive and action (Schmidt & Lee, 2005). 

Cognitive processing represents information regarding the identities and characteristics of 

objects in the environment, while action processing is responsible for controlling human

movement toward an object in the environment. As such, a mutual relationship exists 
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between the two processes in which they are dependent on one another for optimal motor 

control and functioning (Schmidt & Lee, 2005). Understanding how vision provides 

information is vital in the exploration of performance on motor tasks (Schmidt & Lee, 

2005). However, to investigate the role of vision in motor control and movement, the 

following questions need to be addressed: What affects the quality and quantity of visual 

information? And is visual information utilized differently in successful performance as 

opposed to failed performance?

Visual attention. Visual information is influenced by cognitive mechanisms 

(Janelle & Hillman, 2003). As such, visual search and attention are imperative 

mechanisms in the production and control of movement. Furthermore, visual attention 

can be target or context oriented (Tenenbaum, 2003). Novice athletes tend to use a target 

control strategy, focusing attention on the target, and thus allocating attention to relevant 

as well as irrelevant cues. Expert athletes, on the other hand, use a context control 

strategy. This strategy entails searching for the relevant environmental information 

depending on the situation and circumstances. As players develop, there is a shift from 

target to context search strategies resulting in increased efficiency in attention allocation 

and visual search (Tenenbaum, 2003). 

An example of differences in search strategies can be established by examining 

eye fixations and durations. Using eye-movement recording techniques, a number of 

studies have investigated the role of visual cues in the execution process of motor tasks 

(Hodges et al., 2006). For example, Vickers (1996) examined gaze behaviors of female 

basketball players during a free throw task. Superior performance was associated with 

long durations of eye fixations on specific and relevant cues (e.g., basketball hoop) prior 

to execution. Gaze behaviors of low-skill players included increased head and eye 

movement and shorter fixation durations. Even still, another study investigating gaze 

behaviors of hockey goaltenders (Panchuk & Vickers, 2006), demonstrated that fixation 

durations were significantly longer and less frequent when goaltenders were able to make 

saves. In addition, quiet eye period (i.e., elapsed time between the last fixation and 

initiation of movement) was longer on saves compared to goal situations. The quiet eye 

period is thought to provide time for environmental information processing, and for 

structuring motor programs relevant for the task (Mann, Williams, et al., 2007). Thus, 
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different search strategies (e.g., duration, frequency and placement) have been shown to 

distinguish between high and low skill performers. 

These studies demonstrate the crucial role vision plays in successful performance, 

and supports (indirectly) the mental representations approach. Nevertheless, another 

means to directly investigate the importance of visual information (and subsequently to 

test the mental representations approach), is to eliminate visual information (Abernethy, 

Summers & Ford, 1998). Accordingly, evidence supporting the mental representations

approach is provided, if performance levels remain similar in the absence of visual 

information. Thus, the next section examines the effect limited visual information has on 

performance.

Occlusion studies and performance. There has been extensive use of the occlusion 

paradigm to investigate the role of vision whilst performing a motor task (Ford, Hodges, 

& Williams, 2007). Robertson and Elliott (1996) made use of the occlusion paradigm to 

examine the importance of vision in crossing a balance beam. The authors compared 

performance of expert and novice gymnasts under three visual conditions: full, occluded 

and distorted. Within group results indicated that expert gymnasts were able to complete 

the task at the same pace with and without the use of vision, while novices performed the 

task at a slower pace in the no vision condition, compared to the full vision condition. 

Even still, it appears that time (i.e., speed of completing the task) differences amongst 

experts and novices are larger in the occluded condition compared to the full vision 

condition. The results support the mental representations approach, given that

performance time for experts (whom have developed enhanced cognitive abilities) was 

similar under no and full visual information. 

Similar results were found in power lifting (Bennett & Davids, 1995), bowling 

(Harris, 2008), soccer (Williams, Weigelt, Harris & Scott, 2002) and golf (Hill, 2007). 

However, interesting results were found in the analysis of the distorted condition. 

Specifically, more time was needed to complete the task under the distorted condition 

(for both experts and novices) compared to the two additional conditions (i.e., full and no 

vision). Given that there is limited research examining performance when vision is 

distorted, the authors suggested that when vision is available, visual information cannot

be ignored and is utilized, unrelated to skill level. Although differences between the 
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groups were larger in the distorted condition (compared to the full vision condition), the 

results were not significant and thus, the findings do not completely adhere to the mental 

representations approach. According to the mental representations approach, performance 

of experts under all three conditions should be somewhat similar. As such, proponents of 

the mental representations approach cannot completely explain the findings regarding the 

distorted condition (i.e., poor performance) in the balance beam study. Thus, other 

approaches that might be able to explain these results need to be examined. The 

dynamical systems approach which does comply with these findings is presented next.

Ecological/Dynamical Systems Approach

Foundations of the Ecological/Dynamical Systems Approach

The ecological/dynamical systems approach is founded in the recently developed 

domain of ecological psychology (Abernethy et al., 1994). Ecological psychology was 

formed as a reaction towards cognitive approaches in the behavioral sciences (Abernethy 

et al., 1994). Under the large umbrella of the ecological domain, several approaches have 

developed, such as ecological psychology, dynamical systems, and perception-action 

coupling approaches. Although there are differences between the approaches (Beek, 

Jacobs, Daffertshofer & Huys, 2003), they share a common theoretical base and hold 

many of the same assumptions (Davids, Araujo, Button & Renshaw, 2007). As such, the 

theoretical framework of the ecological/dynamical systems approach is discussed in the 

following section. 

The central idea of the ecological approaches address issues of perception and 

action related to the motor system (Abernethy et al., 1994). As a reaction to the cognitive 

approach, the ecological approaches are reluctant to explain motor control (and human 

behavior in general), in terms of cognitive constructs like mental representations or motor 

programs (Beek et al., 2003). As such, the components that are salient in the 

ecological/dynamical systems approach are motor responses and environmental 

information (i.e., the physical environment and physical capabilities) (Rosenbaum, 

Augustyn, Cohen & Jax, 2006). Nevertheless, another difference between the cognitive 

and ecological approaches lies in the relationship between the mind, body and 

environment. While the cognitive approach assumes that the components share a 

hierarchal relationship and are independent, the ecological approaches emphasize the 
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mutual/reciprocal and direct relationship between the entities. Hence, the ecological 

approaches dismiss the mind-body dualism and discard the necessity of mental 

representations (Abernethy et al., 1994). As a result, ecological approaches focus on 

intact natural actions and claim that reducing the focus on a specific factor of 

performance will not capture the true nature of the motor system. Even still, proponents 

of the ecological/dynamical systems approach claim that the motor system utilizes a self-

organizing process in which adjustments are constantly and automatically made to 

achieve stability, limited by task constraints (Harris, 2008; Schmidt & Lee, 2003). 

However, related to the current study, it is important to emphasize the role of visual 

information as it relates to the ecological/dynamical systems approach. 

Performance and the Role of Visual Information

Visual information is an imperative component in motor task performance and a 

point of contradiction between the two dominant approaches (Williams & Ward, 2007). 

The ecological/dynamical systems approach claims that visual information during task 

performance is essential for successful performance (Bootsma & van Wieringen, 1990). 

In a study examining gait regulation of skilled long jumpers, for example, Lee, Lishman 

and Thomson (1982) found results indicating that movement was monitored by vision in 

the latter phase of the jump. The authors interpreted the findings that jumpers 

altered/adjusted their stride length (particularly in the final phase of the jump) as 

evidence that visual information was utilized during the long jump task. Even still, they 

concluded that visual information was used to adjust temporal and not spatial parameters 

(Lee et al., 1982), based on the findings that flight time was the main component altered 

during the jump. Furthermore, Bootsma and van Wieringen (1990) investigated temporal 

accuracy of elite table tennis players. The study made use of an attacking forehand task, 

in which movement variability measurements were recorded. Findings suggested that 

execution variability of the skilled players was larger during the initial stage of the 

attacking forehand than during the moment of ball contact. Implying, according to the 

authors, that perception-action coupling was essential in the production of movement. 

Hence, the results indicate that visual information is utilized during the execution of a 

table tennis forehand task and that vision is crucial in the production of successful 

performance. 
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Thus, the two studies (i.e., long jump and table tennis) advocating the 

ecological/dynamical systems approach, conclude that visual information is essential 

during movement production. Consequently, rejecting the mental representations claim 

that visual information is only crucial before (or at the initiation) of movement execution 

(and not during task performance). It is important to note that both studies (i.e., long 

jump and table tennis) do not report outcome measurements, making it difficult to 

conclude that visual information mediates successful or superior performance. However, 

one should still posit how can there exist two diverging approaches that seemingly 

explain the same phenomena; the motor system. In the following section attempt is made 

to integrate the two approaches (i.e., cognitive and ecological), specifically as they relate 

to the role of vision in motor task performance. 

An Integrated Approach

The differences between the two approaches have led to an ongoing debate 

amongst theorists in the behavioral and movement sciences (Schack & Tenenbaum, 

2004). While some researchers have given up on efforts to bridge the gap between the 

approaches, others have attempted to find common grounds where both approaches can 

provide valuable information to the study of the motor system (Schack & Tenenbaum, 

2004; Wulf, McNevin, Shea & Wright, 1999). 

Before discussing the converging forces, it is important to note the fundamental 

diverging factors separating the two approaches. First and foremost, one cannot (and 

should not) ignore the fact that, the foundations of the approaches are essentially different

(Abernethy et al., 1994; Rosenbaum et al., 2006). There are philosophical differences, 

previously highlighted, which construct diverse fundamental assumptions that no 

compromising force can resolve. The relationship between mind and body (i.e.,

independent vs. dependent), as well as, the domains encompassing the two approaches 

(i.e., cognitive vs. ecological) are the roots for the separation among the approaches. 

While the approaches embrace different assumptions and philosophical 

foundations, each approach provides important knowledge relating to movement 

production (Abernethy et al., 1994; Rosenbaum et al., 2006). Furthermore, as previously 

outlined, research exists that support both approaches. Research supporting the mental 

representations approach is provided via studies investigating search strategies (i.e.,
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visual attention) of basketball players (Vickers, 1996) and hockey goaltenders (Panchuk 

& Vickers, 2006 ) during free throws and save trials, respectively. The studies conclude 

that gaze behaviors differentiate skill level (and subsequently performance), and that 

vision plays a crucial role in motor control. Thus, supporting the notion that performance 

is mediated by internalized representations (Janelle & Hillman, 2003; Tenenbaum, 2003). 

Additionally, studies that make use of the occlusion paradigm generally support the 

mental representations approach, by directly investigating the role of vision related to 

superior performance (Abernethy et al., 1998; Harris, 2008). In tasks such as gymnastics 

(Robertson & Elliot, 1996), power lifting (Bennett & Davids, 1995), bowling (Harris, 

2008), golf (Hill, 2007) and soccer (Williams et al., 2002), results provide evidence that 

skilled performers maintained slightly lower levels of performance when vision was

occluded, as mental representations enabled them to estimate the final outcomes to a 

certain degree. On the other hand, low-skill athletes’ anticipatory decisions substantially 

deteriorated under occlusion conditions. Consequently, analyzing differences between 

and within skill levels is essential to thoroughly investigate the role of vision and mental 

representations in performing a motor task (Abernethy et al., 1998) Thus, there is a great 

deal of research and literature supporting the mental representations approach. 

Conversely, support for the ecological/dynamical systems approach is provided 

by research investigating variability of performance, such as studies examining long 

jumpers (Lee et al., 1982), and table tennis players (Bootsma & van Wieringen, 1990). 

Findings in these studies present evidence that expert long jumpers visually regulate gait 

during their approach to the launch pad, and that elite table tennis players utilize visual 

information to accurately strike the ball. Hence, supporting arguments made by 

proponents of the ecological/dynamical systems approach. Proponents of the 

ecological/dynamical systems approach, explicitly state that performance is dependent on 

ongoing visual information. Furthermore, they stress the importance of and reliance on 

perception-action coupling and conclude that visual information mediates advanced 

performance (Bootsma & van Wieringen, 1990). 

These findings stress the differences between the two approaches in regards to the 

role of vision in task performance. Proponents of the mental representations approach 

claim that motor control is mediated by internalized presentations such as performance 
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goals, execution planning, and performance regulation (Harris, 2008). Moreover, experts 

efficiently utilize visual information before initiation of movement, and are not dependent 

on visual information during task performance (Hill, 2007). On the other hand,  

supporters of the ecological/dynamical systems approach state that there is a direct 

perception-action link, mediated only by visual information, and that the motor system 

does not rely on mental representations to mediate performance (Lee et al., 1982). 

However, does this imply (or is evidence provided) that mental representations do not

play a role in performing tasks or, alternatively, that visual information does not mediate 

performance during task performance? Furthermore, can both approaches explain the 

underlying mechanisms that play a role in motor control and movement production? The 

next section is devoted to provide a framework for integrating the two dominant 

approaches. 

Integration of both approaches can be accomplished by considering the type of 

tasks examined (Abernethy et al., 1994). The relationship between performance skill and 

visual information is moderated by factors such as research paradigm, task representation 

(i.e., real world to simulated), and task-type (i.e., interceptive to self-paced) (Mann, 

Williams, et al., 2007). Specifically, findings of a meta-analysis examining perceptual-

cognitive expertise in sport provide evidence that gaze behaviors and response 

measurements (e.g., time and accuracy) are moderated by sport type (Mann, Williams, et 

al., 2007). Hence, task type is an important factor that must be addressed when discussing 

the role of visual information in motor movement (Schmidt & Lee, 2005). In fact when 

observing task characteristics (i.e., open/closed, continuous/discrete and interceptive 

(reactive)/self-pace), interesting trends reveal that the mental representations approach is 

supported in tasks that are relatively closed, discrete and self-paced (e.g., golf, bowling 

and basketball free throws). In tasks that adhere to these qualities, the environment is 

relatively static during task performance, thus implying that visual information is less 

crucial. Whereas in relatively open (e.g., table tennis), continuous (e.g., long jump and 

juggling) and interceptive tasks (e.g., baseball and catching tasks), in which the 

environment is consistently changing, and there is some amount of unpredictability 

during performance, visual information and environmental cues are required for 

successful performance (Rosenbaum et al., 2006). Consequently, the use and reliance of 
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visual information during task performance is dependent on task type. Thus, a claim can 

be made that mental representations mediate performance when the environment (i.e.,

visual cues) is relatively fixed, whereas when the environment is dynamic, visual 

information becomes essential and mediates performance. However, it is important to 

note that task characteristics are not dichotomous, but lay on a continuum. Thus, the 

implication is that both mental representations and direct perception-action coupling play 

a role in most tasks, with the extent of mediation varying according to task qualities. As 

such, the notion is that mental representations guide the visual system during

performance to make necessary adjustments and decisions, limited by task constraints 

(e.g., visual information available). Furthermore, this notion lays a foundation for an 

integrated approach, in which the motor system can rely on vision and on mental 

representations simultaneously. However, there is very limited information in the 

literature that addresses this issue. 

A direct means to examine the mental representations approach is by removing 

visual information, as is the case in the occlusion paradigm (Robertson & Elliott, 1996). 

Hence, performers are forced to rely on internal mental representations. This research

method has been used extensively, with results generally supporting the mental 

representations approach (Harris, 2008). However, to test the ecological/dynamical 

systems approach (and the mental representations approach simultaneously), another 

condition (i.e., distorted perception) is necessary. As described in the study examining the 

role of visual information in a balance beam task (Robertson & Elliott, 1996), results 

provide evidence that performance declines under conditions of limited/erroneous visual 

information. Thus, the role of vision and mental representation is ambiguous under 

limited vision. Still, the distorted condition is seldom used in research examining the role 

of vision. Further examination of the affects of limited/erroneous visual information on 

performance is necessary to increase understanding of the role of vision in task 

performance. 

The Present Study

Purpose of the Study

In the present study, an attempt was made to delineate the role of visual information 

in the control of motor movements across levels of proficiencies in the performance of a 
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set play soccer pass. Thus, performance of a soccer passing task was examined under 

different visual conditions. A set play soccer pass is a relatively discrete, closed and self-

paced task in circumstances where the environment is static and visual cues do not 

change during the task. Thus, the task characteristics are consistent with the typical 

mental representations investigation. 

Thus, it is hypothesized that skilled soccer players hold mental representations of 

the motor task, and that vision plays a minimal role in performance of a set play pass. As 

a result it is also hypothesized that when vision is limited, no major differences in 

performance will occur. As such, outcome performance will remain intact under the three 

visual conditions (i.e., full, occluded and distorted). However, if motor performance 

significantly deteriorates under conditions with limited visual information (i.e., occluded 

and distorted), then it may be suggested that visual information plays a direct role in the 

coordination of movement, supporting an integrated approach in which both visual 

information and mental representations play a role in task performance. Distorted vision 

is an additional condition (to the classic occlusion paradigm) to verify the role of mental 

representations in motor control. Therefore, to further examine the role of mental 

representations and visual information, three visual conditions are required: (a) full vision 

– to control for performance under normal conditions in which both visual information 

and mental representations are intact and available, (b) occluded vision – in which the 

performer is denied access to visual information and consequently is forced to rely solely 

on mental representations, and (c) distorted vision – in which the available visual 

information is erroneous/limited and thus, reliance solely on the available visual 

information will not be sufficient.

It is also hypothesized that low skilled participants will have insufficient mental 

representations. Consequently, reliance on visual information is believed to be greater. 

Thus, limiting visual information is believed to be more evident in novice players, which 

should be evident in participants’ actual performance and performance estimations.

Finally, it is believed that if skilled players use mental representations to guide 

performance, then this representation of the movement and the environment may also be 

evident in estimation of outcome results (i.e., direction and outcome of pass) when 

environmental feedback is limited (Harris, 2008). Analysis of verbal reports in a bowling 
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task revealed that skilled bowlers provided rich and detailed information regarding 

performance representation (e.g., performance goals, monitoring and alterations) (Harris, 

2008). Thus, it is hypothesized that skilled participants will estimate outcome results 

more accurately than low skill participants, whom have not developed advanced mental 

representations. 

Hypotheses of Study

(1) Under normal conditions, skilled participants will perform better than novices 

(i.e., greater accuracy and less variability). 

(2) Under occluded conditions, skilled participants will suffer minor performance 

decrements, while novice performance will be substantially impaired. 

(3) Under distorted conditions, skilled participants will suffer minor performance 

decrements, while novice performance will be substantially impaired.

(4) Skilled participants will estimate outcome results more accurately than novice 

participants in all conditions. 
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CHAPTER 3

METHODS

Participants

Forty participants (20 high-skill and 20 low-skill) took part in the study. High-

skill participants were recruited from a small private university in Southern Georgia and 

from Florida State University (FSU). The high-skill participants from the private 

university were members of the men and women’s soccer teams at the university. The 

teams compete in the National Association of Intercollegiate Athletics (NAIA) division. 

The high-skill participants from FSU all played soccer in college. All High-skill players 

have been playing soccer for more than 9 years and at a competitive level for at least 7 

years (M = 15.7, SD = 6.30 and M = 17.3, SD = 6.42, respectively). Low-skill participants 

consisted of students enrolled at Florida State University. The low-skill participants only 

included students who had played organized soccer for less than a year, and had less than 

3 years of soccer experience of any form (M = .2, SD = .41 and M = 1.6, SD = 1.39, 

respectively). None of the participants were near-sighted and participants who were far-

sighted used contact lenses. 

Passing Task

Participants were asked to pass an official size soccer ball to a target figure 

(Figure 1). The ball was placed at two different distances from the target figure, 10 and 

20 yards (9.14 and 18.29 m, respectively). This was to assure a reasonable level of task 

difficulty, and to observe differences in performance between the two distances. Prior to 

conducting the study, two players, one high-skill and one low-skill, attempted the task at 

various distances. The distances piloted were 5, 10, 15, 20, 25, 30 yards(4.57, 9.14, 

13.72, 18.29, 22.86 and 27.43 m, respectively). Following the piloting and the players’ 

comments, the 10 and 20 yard (9.14 and 18.29 m, respectively) distances were chosen, 

based on task representativeness (i.e., soccer pass) and task difficulty. Each participant 

completed the task for each distance. The task was performed on a soccer field and 

attempted to represent a set-play soccer pass, to meet the requirement of a representative 

task. At the end of each attempt the soccer ball was returned to the original spot. Only 

one soccer ball was used by all participants. After the participants made contact with the 

ball, a black screen was placed in front of them, blocking visual feedback. 
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Figure 1: Passing task 

Visual Conditions

Three visual conditions were used: normal, occluded, and distorted. In the normal 

condition participants wore eyeglasses frames with no glass. The reason for having 

participants wear a glassless frame in the normal condition was to insure that to whatever 

extent the frames interfere, it is consistent across conditions. In the occluded condition 

participants wore the same frame as in the normal condition, but black paint was sprayed

on the frame and the glasses, which blocked (occluded) the participants’ vision. The third 

condition required participants to wear the same frame as in the other two conditions, but 

real glasses were placed in the frame. The glasses used were shortsighted glasses, with a 

high prescription number (i.e., +4.00). In this distorted visual condition, participants 

experienced blurriness and objects appeared larger and closer. Reading glasses from 

+1.00 to + 6.00 were piloted by several individuals. The purpose was to achieve a 

distortion effect that was significant but not extreme, as perceived by the piloting 

individuals.
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Apparatus 

One JVC Everio Hard Disk Camcorders, Model GZ-MG555 (for specifications 

see http://www.jvc.com/presentations/everio_g/lineup.html) was used to videotape 

performance on the passing task. The camera, which was focused on the target figure,

recorded the pass outcome. It was situated 3 yards (2.74 m) behind and 2 yards (1.83 m)

to the right (for left footed participants the camera was situated 2 yards (1.83 m) to the 

left) of the participant. Analysis was conducted using MaxTRAQ v. 2.08 and MaxMATE 

v. 3.6 software (Innovision Systems, Inc., 2002). The software consists of a motion 

analysis computer program that provides information on distance, angles, motion and 

time (for more details see http://www.innovision-systems.com/). The software was used 

to analyze variables of outcome performance. 

Instrumentation

Informed consent form (Appendix A). The consent form informed the participants 

about the nature of the study and tasks, confidentiality, and risks and benefits of the 

study. All the participants agreed to sign the consent form and were allowed to participate 

in the study. 

Demographic questionnaire (Appendix B). Demographic details such as: age, 

gender, years playing soccer (organized and in general), age when first started playing 

soccer, use of glasses and dominant (passing) foot, were collected. 

Perceived Outcome Form (Appendix C). Following each pass participants were

asked to estimate the accuracy of the pass. Accuracy was operationally defined as the 

ball’s horizontal distance from the target (in meters), upon crossing the target line (Figure 

2). Participants verbalized whether they perceived the ball hit the target, missed to the left 

or right of the target, and the estimated distance from the target, if they perceived a miss 

(e.g., Hit/Left/Right distance from target: 3.4m ). The target was the reference point (e.g.,

0). A perceived hit was recorded as 0 distance from the target. A perceived miss to the 

left was recorded as a negative distance (e.g., -3.4m) relative to the target and a miss to 

the right was recorded as a positive distance (e.g., +3.4m) relative to the target. Constant 

error (CE), variable error (VE), absolute error (AE) and total error (TE) were calculated 

for each participant in each task condition using the estimated distance for each trial.
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Figure 2: Estimated distance from target (e.g., -3.5 m.)

Task Efficacy (Appendix D). Before each block of passes (task condition) 

participants were asked to indicate how confident they were in passing the ball accurately 

to the target (e.g., “Please indicate to what degree are you confident that you can 

accurately pass the ball to the target in the following block of passes?”). The task self-

efficacy response format consists of an 11-point Likert-type response ranging from 0 (not 

at all confident) to 100 (very confident), with 10 unit intervals. The item was developed 

by using Bandura’s procedure regarding self-efficacy scales (Bandura, 2005, p. 307-337). 

The guidelines emphasize the importance of developing the scales to the specific domain 

of interest. In particular, as per Bandura’s recommendations, the question employs the 

word can and not will.

Perceived Efficacy (Appendix E). After each block of passes (task condition) 

participants were asked to indicate how confident they were in estimating the distance of 

the ball from the target (e.g., “Please indicate to what degree are you confident that you 

accurately estimated the distance from the target, when the ball passed the target line, in 

the previous condition”). The Perceived self-efficacy item consists of an 11-point Likert-

type response ranging from 0 (not at all confident) to 100 (very confident), with 10 unit 

intervals.

Outcome performance. Horizontal distance from the target was used to measure 

accuracy. The passing task required the participants to pass the ball on the ground.

Vertical distance and depth were not important measurements for this task. With the use 
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of the motion analysis software (MaxTRAQ), balls were marked when they crossed the 

target line (Figure 3). The markings were then converted to numerical data (with the use 

of MaxMATE) and absolute and relative distance from the target was calculated for each 

pass (Table 1). As with the perceived outcome data, constant error (CE), variability error 

(VE), absolute error (AE) and total error (TE) were calculated for each participant in each 

task condition using the horizontal distance (accuracy measure) calculated for each trial. 

These scores were used to obtain accuracy and consistency measurements. 

Figure 3: Example of outcome performance from the MaxTRAQ motion analysis 

software. Each marking represents the point where the ball crossed the target line.

Table 1

Example of accuracy measurements using MaxMATE (motion analysis software) and 

Excel. (Absolute and relative horizontal distance from the target is shown in meters.)

Absolute

Target Ball1 Ball2 Ball3

Distance X Distance X Distance X Distance X

24.29617 18.3775 12.29883 30.32283

Relative 

Distance X Distance X Distance X Distance X

0 -5.91867 -11.9973 6.026667
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Procedure

In order to recruit high-skill participants, contact was made with the soccer coach. 

Once permission to include high-skill players was obtained, players were contacted. 

Low-skill participants were recruited from Florida State University. 

Each participant was asked to arrive at the soccer field wearing comfortable 

clothes and shoes. Participants were asked to read and sign a consent form, and provide 

demographic information. A brief explanation of the study and task requirements was

read to each participant. Participants were given six practice passes (one practice pass for 

each condition), to become familiar with the task and to warm up. Once the participant 

informed the researcher that he/she is ready to begin the study, the camcorder was turned 

on and recording began. Recording was continuous for each participant. Each participant 

performed 120 passes at two different distances, 10 and 20 yards (9.14 and 18.29 m, 

respectively), across three types of visual conditions (normal, occluded, and distorted); 20 

passes for each of the six conditions. The trials were divided into blocks consisting of 20 

passes. Each block of passes comprised a specific condition (e.g., 10 yard (9.14 m)-

occluded). Participants were required to perform the task under all 6 conditions. The 

order of each condition (e.g., block of 20 pass trials) was counter-balanced across all 

participants. 

For each trial the ball was placed on a marked spot, and the participants

positioned and adjusted themselves next to the ball, facing the target. The researcher then 

informed the player the distance and visual condition under which the task will be 

performed using counter-balanced blocks. The researcher described the condition to the 

participant and prompted the participant to ask any questions if the task was unclear. 

Once the participant verified that he/she understood the task, and is ready to begin the 

next set of blocks, the participant filled out the Task self-efficacy item (Appendix D), and 

passing the ball to the target began. 

The researcher placed a frame of glasses, depending on the condition (only frame, 

occluded glasses, near sighted glasses) on the participant, prompting the participant to 

pass the ball to the target (“pass the ball on the ground to the target, as you would during 

a game/practice”). Immediately after contact, a dark screen was positioned in front of the 

participant to prevent outcome feedback. The participants were then asked to state the 
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accuracy of their shot according to the paper form (Appendix C). Water was provided to 

the participants on request.

At the completion of each condition (every block of 20 passes) participants 

completed the perceived self-efficacy item (Appendix E) and took a short break (2 

minutes). During this break the researcher moved the target to the correct distance for the 

next block of passes. The researcher then asked the participants to position and adjust 

themselves next to the ball, facing the target. This procedure followed the same routine 

for the six conditions. 

Upon completing the trials, participants were thanked for their participation in the 

study and were provided with an opportunity to ask questions. They were then informed 

that they were entitled to receive a report of the study when completed. 

Statistical Analysis and Design

A repeated measure (RM) ANOVA was used to analyze separately accuracy and 

error (VE, CE, AE and TE) of observed and perceived performance outcome. Skill level 

will be considered a between-participant factor and visual condition (normal, occluded 

and distorted) and task difficulty (target distance of 10 and 20 yards (9.14 and 18.29 m, 

respectively)) will be considered within-participant factors. The study design is depicted 

in Figure 4. 

Skill Level Task Condition     Distance    Attempts/Passes 

Figure 4: Study design
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CHAPTER 4

RESULTS

Descriptive Statistics

Absolute, constant, variable, and total errors for horizontal distance from the 

target, estimations after each pass and actual-estimation differences were calculated.

Group means and SDs of errors for actual data and estimation differences are shown in 

Table 2. 

Table 2

Means and SDs (in brackets) of errors in meters by task condition and skill-level 

Data Condition High Skill Low Skill

AE CE VE TE AE CE VE TE

Actual

Normal

10y .324 

(.073)

-.034 

(.140) 

.382 

(.086)

.407 

(.086)

.763 

(.263)

-.162 

(.489)

.808 

(.211)

.930 

(.299)

20y .902 

(.248)

-.044 

(.419)

1.032 

(.226)

1.102 

(.270)

1.735 

(.560)

-.232 

(.879)

1.974 

(.602)

2.157 

(.630)

Occluded

10y .448 

(.134)

.025 

(.340)

.454 

(.102)

.552 

(.152)

.825 

(.360)

.114 

(.586)

.901 

(.289)

1.036 

(.406)

20y 1.147 

(.216)

.045 

(.636)

1.26 

(.231)

1.402 

(.249)

1.968 

(.547)

-.211 

(1.135)

2.165 

(.593)

2.433 

(.625)

Distorted

10y .369 

(.087)

-.021 

(.193)

.417 

(.076)

.453 

(.101)

.762 

(.239)

-.187 

(.448)

.851 

(.245)

.959 

(.302)

20y 1.033 

(.219)

-.281 

(.404)

1.190 

(.279)

1.283 

(.285)

1.798 

(.686)

-.145 

(1.143)

1.901 

(.696)

2.184 

(.773)

Actual -Estimation 

Differences

Normal

10y .221 

(.070)

.041 

(.115)

.255 

(.097)

.279 

(.106)

.465 

(.257)

.151 

(.374)

.483 

(.162)

.578 

(.290)

20y .582 

(.301)

.070 

(.253)

.706 

(.438)

.745 

(.450)

.982 

(.302)

.010 

(.452)

1.201 

(.447)

1.280 

(.445)

Occluded

10y .399 

(.162)

.019 

(.230)

.484 

(.456)

.562 

(.461)

.644 

(.287)

-.117 

(.496)

.684 

(.218)

.810 

(.331)

20y .805 

(.206)

-.089 

(.453)

.927 

(.243)

1.024 

(.271)

1.513 

(.516)

-.045 

(.950)

1.696 

(.559)

1.919 

(.603)
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Table 2- continued.

Data Condition High Skill Low Skill

AE CE VE TE AE CE VE TE

Distorted

10y .240 

(.091)

.048 

(.088)

.288 

(.113)

.307 

(.109)

.473 

(.252)

.175 

(.364)

.478 

(.218)

.584 

(.307)

20y .566 

(.199)

.139 

(.215)

.661 

(.247)

.709 

(.241)

1.005 

(.436)

.164 

(.679)

1.102 

(.466)

1.277 

(.519)

Actual Outcome Results

A RM ANOVA was used to examine each performance outcome (i.e., accuracy 

and variability). Skill-level was used as a between participant factor and distance and 

visual condition as within participant factors (see Table 3).

Table 3

RM ANOVA results, with skill-level as a between participant factor and distance and 

visual conditions as within participant factors for each distance error 

Variable Effect Wilks λ F p p
2

AE

A. Skill-level 66.77 <.001 .64

B. Distance .145 223.20 <.001 .86

C. Visual Condition .660 9.08 <.001 .19

D. A by B .751 12.61 .001 .25

E. A by C .982 .27 .767 .01

F. B by C .918 1.86 .163 .05

G. A by B by C .994 .12 .889 <.01

CE

A. Skill-level .43 .519 .01

B. Distance .968 1.25 .270 .03

C. Visual Condition .934 1.56 .217 .04

D. A by B .999 .04 .849 <.01

E. A by C .976 .33 .723 .01

F. B by C .984 .33 .719 .01

G. A by B by C .866 2.73 .071 .07

VE

A. Skill-level 72.37  <.001 .66

B. Distance .098 54.32 <.001 .90

C. Visual Condition .767 5.38 .007 .12

D. A by B .693 16.86 <.001 .31

E. A by C .954 .91 .405 .02

F. B by C .907 1.63 .204 .04

G. A by B by C .950 1.1 .303 .03
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Table 3 – continued.

Variable Effect Wilks λ F p p
2

TE

A. Skill-level 78.36 <.001 .67

B. Distance .128 259.92 <.001 .87

C. Visual Condition .642 10.13 <.001 .21

D. A by B .722 14.60 <.001 .28

E. A by C .972 .43 .653 .01

F. B by C .911 1.9 .157 .05

G. A by B by C .974 .51 .604 .01

Absolute Error (AE). The first hypothesis stated that high skill participants would 

perform better than low skill participants in all conditions, and specifically under normal 

conditions. Accordingly, results revealed a significant main effect for skill-level on 

average absolute distance from the target, F (1, 38) = 66.77, p < .001, p
2

= .64. High-

skill participants were significantly more accurate (M = 0.704, SE = .052) than low-skill 

participants (M = 1.308, SE = .052, ES = 2.59; see Figure 5). To further examine the first 

hypothesis, RM ANOVA was performed for the normal visual conditions only, using 

skill-level as a between participant factor and distance as a within participant factor. 

Results indicated a significant main effect for skill-level, F (1, 38) = 62.64, p < .001, p
2

= .62. Thus, the findings support the first hypothesis that skilled participants will perform 

the passing task more accurately than unskilled participants, specifically under normal 

conditions. 

In addition, significant main effects were revealed for distance and visual 

condition, Wilks λ = .145, F (1, 38) = 223.20, p < .001, p
2 

= .86, and Wilks λ = .660, F 

(2, 76) = 9.08, p < .001, p
2 

= .19, respectively. Participants performed with greater 

accuracy at the shorter distance (i.e., 10 yards (9.14 m)) compared to the longer, 20-yard

(18.28 m), distance (M = .582, SE = .026 and M = 1.431, SE = .061, ES = 5.41 

respectively, see Figure 6).
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Figure 5: Mean absolute distance from the target per skill-level

The second and third hypotheses predicted that (a) both high and low skill 

participants will suffer performance decrements under the occluded and distorted 

conditions, and (b) performance under these conditions will be substantially impaired for 

low skill participants, while skilled participants will suffer only minor impairment. 

Pairwise comparisons indicated that under the normal visual condition, accuracy was 

significantly greater than under the occluded condition (p = .001; Mi – Mj = -.166, SE = 

.04), as predicted by the second hypothesis. However, contrary to the third hypothesis 

postulation, no significant differences resulted between the normal and distorted visual 

conditions (p = .325; Mi – Mj = -.059, SE = .04), as well as between the occluded and 

distorted conditions (p = .062; Mi – Mj = .107, SE = .04, see Figure 7).
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Figure 6: Mean absolute distance from the target by distance
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Figure 7: Mean absolute distance from the target by visual condition
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The only significant interaction was that of skill-level by distance, Wilks λ = 

.6751, F (1, 38) = 12.61, p < .001, p
2

= .25. Distance seemed to affect low skill 

participants (ES = 3.82) more than high skill participants (ES = 2.35, see Figure 8). In 

addition, although the interaction between skill-level and visual condition was not 

significant, Wilks λ = .982, F (2, 76) = .27, p = .767, p
2

= .01, high skilled participants 

were more accurate in all three visual conditions (see main effect of skill-level in Table 

3). However, contrary to the second and third hypotheses, visual manipulation affected 

both the high and low skilled participants similarly (see Figure 9). 
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Figure 8: Mean absolute distance from the target by skill-level and distance

Constant Error (CE). No main or interaction effects were found for CE (see Table 

3). Main effects for skill-level, distance, and visual condition were not  significant (p = 

.519, p = .270 and p = .217, respectively). Additionally, all two-way interactions were 

above the p = .700 significance level. 
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Figure 9: Mean absolute distance from the target by skill-level and visual conditions.

Variable Error (VE). Results revealed significant main effects for skill-level, 

distance, and visual manipulation on variability of outcome performance, F (1, 38) = 

72.37, p < .001, p
2

= .66, Wilks λ = .098, F (1, 38) = 54.32, p < .001, p
2

= .90, Wilks λ = 

.693, F (2, 76) = 5.38, p < .01, p
2

= .12, respectively. High skill participants were more 

consistent than low skill participant (M = .789, SE = .054 and M = 1.434, SE = .054; ES = 

2.68, see Figure 10). The results support the first hypothesis, which stated that the high 

skill group would perform the task more consistently than the low skill group. However, 

to further examine the first hypothesis within the context of the normal visual conditions, 

RM ANOVA was conducted with skill-level as a between participant factor and distance 

as a within participant factor. As predicted, results revealed a significant main effect for 

skill-level, F (1, 38) = 63.66, p < .001, p
2

= .63. Furthermore, consistency decreased as a 

function of distance; VE was smaller in the 10-yard (9.14 m) distance, compared to the 

20-yard (18.28 m) distance (M = .636, SE = .023 and M = 1.587, SE = .060, ES = 5.11 

respectively, see Figure 10). The second and third hypotheses stated that high and low 
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skill participants will suffer performance decrements under the occluded and distorted 

conditions. Pairwise comparisons revealed that consistency was significantly greater in 

the normal condition than in the occluded visual condition (p = .005; Mi – Mj = -.146, SE 

= .04), as predicted by the second hypothesis. Similarly to AE, the distorted visual 

condition was not significantly different from both the occluded and normal conditions, 

thus, this hypothesis was not supported (p = .153; Mi – Mj = .105, SE = .05 and p = 1.000; 

Mi – Mj = -.040, SE = .04, respectively, see Figures 10 through 12). 
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Figure 10: Mean VE by skill-level.

A skill by distance interaction was revealed for VE, Wilks λ = .693, F (1, 38) = 

16.86, p < .001, p
2 

= .31. Target distance affected the consistency of low skill 

participants (ES = 4.43) significantly more than distance affected high skill participants 

(ES = 2.84, see Figure 13).
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Figure 11: Mean VE by distance.

0.95

1

1.05

1.1

1.15

1.2

1.25

Normal Occluded Distorted

Visual Condition

M
e
a
n

 V
a
ri

a
b

le
 E

rr
o

r 
(m

e
te

rs
)

Figure 12: Mean VE by visual condition.

.
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The second and third hypotheses stated that performance under occluded and 

distorted conditions would be substantially impaired for low skill participants, while 

skilled participants will suffer only minor impairment. The skill by visual condition 

interaction was not significant, Wilks λ = .954, F (2, 76) = .91, p = .405, p
2

= .021. Thus 

the second and third hypotheses were only partially supported by the findings. Visual 

manipulation affected similarly the high and low skilled participants (see Figure 14). 
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Figure 13: Mean VE by skill-level and distance.

Total Error (TE). Significant main effects were obtained for skill-level, distance, 

and visual conditions on total error, F (1, 38) = 78.36, p < .001, p
2 

= .67, Wilks λ = .128, 

F(1, 38) = 259.92, p < .001, p
2 = .87, Wilks λ = .642, F (2, 76) = 10.13, p < .001, p

2 
= 

.21, respectively. Skill-level and distance differences followed similar patterns as the AE 

and VE. However, pairwise comparisons revealed that the occluded condition differed 
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significantly between both the normal and distorted visual conditions (p = .001; Mi – Mj = 

-.207, SE = .05, and p = .042; Mi – Mj = -.071, SE = .04, respectively). Finally, only the 

skill by distance interaction reached accepted significant level, Wilks λ = 722, F (1, 38) = 

14.60, p < .001, p
2 

= .28. All the other interactions were not significant. 
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Figure 14: Mean VE by skill-level and visual conditions.

Actual - Estimation Differences

Estimations for pass outcome were recorded and compared to actual outcome 

performance. RM ANOVAs were performed to test the differences between the 

estimations and actual performance. Skill-level was used as a between participant factor 

and distance and visual condition as within participant factors (see Table 4).
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Table 4

RM ANOVA results for estimated-actual error difference using skill-level as a between 

participant factor and distance and visual conditions as within participant factors. 

Variable Effect Wilks λ F p p
2

AE

A. Skill-level 44.742 <.001 .541

B. Distance .286 95.035 <.001 .714

C. Visual Condition .332 37.276 <.001 .668

D. A by B .842 7.130 .011 .158

E. A by C .867 2.850 .071 .133

F. B by C .660 9.538 <.001 .340

G. A by B by C .805 4.479 .018 .195

CE

A. Skill-level .934 .310 .024

B. Distance .999 .039 .845 .001

C. Visual Condition .857 3.081 .058 .143

D. A by B .998 .073 .788 .002

E. A by C .981 .356 .703 .019

F. B by C .931 1.375 .265 .069

G. A by B by C .922 1.572 .221 .078

VE

A. Skill-level 33.047 <.001 .465

B. Distance .238 121.92 <.001 .762

C. Visual Condition .439 23.628 <.001 .561

D. A by B .776 10.977 .002 .224

E. A by C .926 1.485 .250 .074

F. B by C .823 3.979 .027 .177

G. A by B by C .895 2.180 .127 .105

TE

A. Skill-level 41.041 <.001 .419

B. Distance .276 99.785 <.001 .724

C. Visual Condition .402 27.553 <.001 .598

D. A by B .803 9.329 .004 .197

E. A by C .937 1.238 .302 .063

F. B by C .800 4.621 .016 .200

G. A by B by C .846 3.356 .046 .154

Skill-level. The fourth hypothesis stated that skilled participants would estimate 

outcome results more accurately than low skill participants. Main effects for skill-level 

were obtained for AE, VE and TE, F (1, 38) = 44.742, p < .001, p
2

= .54, F (1, 38) = 

33.047.32, p < .001, p
2
= .47, F (1, 38) = 41.041, p < .001, p

2
= .42, respectively. Only 
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the effect on CE was not significant, F (1, 38) = .934, p = .310, p
2

= .02. In line with the 

fourth hypothesis, skilled participants were more accurate and consistent in their overall 

estimations. Skilled participants were more accurate in estimating the final ball location 

(i.e., AE), (M = .469, SE = .040) than the low-skilled participants (M = .847, SE = .040, 

ES = 2.10), and were more consistent in their estimations (i.e., VE) (M = .553, SE = .048 

and M = .941, SE = .048, ES = 1.85, respectively; see Figure 15).
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Figure 15: Mean VE (upper panel) and AE (lower panel) by skill-level
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Furthermore, skill by distance interactions were obtained for AE, VE and TE, 

Wilks λ = .098, F (1, 38) = 54.32, p < .001, p
2

= .90, Wilks λ = .693, F (1, 38) = 5.38, p < 

.01, p
2

= .12, Wilks λ = .098, F (1, 38) = 54.32, p < .001, p
2

= .90. Both high and low 

skill participants estimated the ball location better at the shorter distance. However, the 

effect of distance on performance estimation was significantly greater for the low skill 

group (AE: ES = 2.75 and VE: ES = 3.05) than the high skill group (AE: ES = 1.56 and 

VE: ES = 1.65, see figure 16).
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Figure 16: Mean VE (upper panel) and AE (lower panel) of actual-estimation differences

by skill-level and distance.

Skill-level by visual condition interactions were not significant on all variables. 

However, for AE a strong tendency for significance was revealed (i.e., p = .072). Further 

examination reveals that the difference in estimation accuracy between high skill and low 

skill participants was the greatest in the occluded condition (i.e., ES = 2.77) compared to 

the normal condition (i.e., ES = 2.58) and distorted condition (i.e., ES = 1.97, see Figure 

17). 
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Figure 17: Mean AE of estimations by skill-level and visual conditions.
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CHAPTER 5

DISCUSSION AND CONCLUSIONS

The primary purpose of the study was to examine the role of visual information in 

performing a motor task. Specifically, the aim of the study was to determine whether 

dependence on vision is reduced (and the utilization of mental representations is 

increased) as expertise develops in a self paced motor skill. The literature regarding the 

utilization of vision in the motor control domain is ambiguous (Mann, Williams, et al., 

2007). There are two main approaches (i.e., mental representations and 

ecological/dynamical systems) that attempt to explain the function vision plays in motor 

control and movement production (Schack & Tenenbaum, 2004). 

The mental representations approach is supported by studies that revealed 

differences in search strategies, cue utilization and eye fixations among expert and 

novices (Mann, Williams, et al., 2007; Panchuk & Vickers, 2006; Vickers, 1996). 

Furthermore, several studies that compared expert performance on motor tasks under 

various visual conditions concluded that vision had relatively little impact on 

performance for experts, whereas visual information significantly impacted performance 

of novices (Bennett & Davids, 1995; Harris, 2008; Williams et al., 2002). Thus, 

proponents of the mental representations approach support the notion that vision is 

mainly important for experts in providing information before initiating movement or 

action due to the development of advanced mental representations, which mediate 

performance (Janelle & Hillman, 2003; Tenenbaum, 2003). However, other studies in the 

domain reveal that vision is constantly used to control movement, thus supporting the 

ecological/dynamical systems approach (Bootsma & van Wieringen, 1990; Lee et al., 

1982). An imperative assumption of  this approach is the direct link between perception 

and action, and the dynamic nature of vision in mediating performance (Lee et al., 1982). 

In an attempt to integrate the approaches and further examine the role of vision, a soccer 

pass was examined in which information from the environment is relatively stable 

throughout the task, under three visual conditions; that is, normal, distorted and occluded.

Most of the studies in the domain made use of the occlusion paradigm and 

primarily measured objective and observable behaviors (Mann, Williams, et al., 2007). In 

the current study, cognitive processes during performance (i.e., outcome estimations)
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were collected, in addition to behavioral data. According to the mental representations 

approach, cognitive processes are crucial mechanisms that mediate performance 

(Ericsson, 2003). Thus, differences between high and low skill athletes should not only 

be observed in outcome performance, but in performance representation as well (Harris, 

2008). 

Performance Outcome

Results confirmed the assignment of participants to skill groups based on years of 

experience and level of play. Accordingly, and as predicted by the first hypothesis, 

players with more experience playing at a higher level were significantly more accurate 

and consistent (see Figure 5 and 10), specifically under normal conditions. Thus, this 

finding adheres to the expert performance approach and the use of the expert-novice 

paradigm (Ericsson & Ward, 2007). According to this approach assignment of 

participants to skill-level groups should coincide with actual performance on the specific 

task (and not solely on previous experience, related tasks or other criteria). In addition, 

the data support the belief that practice is a good predictor of athletic performance 

(Ericsson & Ward, 2007). 

Furthermore, as indicated by studies examining the influence of distance on 

performance (Aksamit & Husak, 1983; Wannebo & Reeve, 1984) both high and low 

level skill groups performed better (i.e., accuracy and consistency) at the shorter distance.

This was expected, because distance is an indication of task difficulty, and performance 

should decline with the increase of task complexity (i.e., target distance) (Sutter, 2007). 

However, findings revealed a group by distance effect. In particular, distance did not 

affect high skill players as much. As a result, performance of low skill participants 

fluctuated at a larger rate compared to skilled players (see Figures 8 and 12). An 

explanation for this phenomenon is rooted in the definition of task difficulty that can be 

categorized broadly as nominal and functional (Guadagnoli & Lee, 2004). Nominal task 

difficulty includes the constraints and factors that are related to the characteristics of the 

task, regardless of who is performing the task and under what conditions, while 

functional task difficulty is related to how challenging the task is relative to the skill-level 

of the performer, and the condition it is performed under. Thus, under conditions of very 

low nominal difficulty, performance of all individuals, irrespective of skill-level, should 
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be relatively similar and at a high level of success (i.e., ceiling effect). As task difficulty 

increases performance of low skill individuals declines rapidly and at relatively low 

levels of nominal difficulty. However, for skilled individuals the decline in performance 

is moderate and only high levels of nominal difficulty cause a rapid decrease in 

performance (Guadagnoli & Lee, 2004). 

In the examination of the role vision plays during performance, significant 

findings were revealed as well. The amount of visual information significantly affected 

performance across skill-level and distance. Performance under occluded vision was the 

poorest for both skill-level groups, regardless of distance. Thus, the data supported the 

second hypothesis that performance of both skill groups will decrease under occluded 

conditions, compared to normal conditions. However, contrary to the second hypothesis, 

both groups were affected similarly, resulting in skilled players maintaining (and not 

increasing) their performance edge. Thus, it seems as though both high and low skill-

level groups utilize visual information, to some degree, when performing a motor skill 

even in a relatively self-paced, discrete and closed task such as a soccer pass. Hence, 

contrary to the mental representations approach, and in support of the 

ecological/dynamical systems approach, visual information was important in completing 

a motor task regardless of skill-level. Furthermore, similar findings were found in a study 

examining golf performance of low and high skill players in a putting task (Wannebo & 

Reeve, 1984). In the study participants were required to perform a putt to a target at 

various distances (i.e., 5 ft (1.52 m) and 15 ft (4.57 m)) and visual conditions (i.e., 

normal, blindfolded, and irrelevant cues). Main effects for skill-level, distance, and visual 

conditions were found, however, none of the interactions were significant, concluding 

that visual cues are important in performing a golf putt regardless of skill-level.

Though the effect of visual information was similar across skill-level, the experts 

kept a performance advantage, lending some support to the mental representations 

approach, since experts were still able to produce superior performance in the occluded 

condition. Furthermore, an explanation as to why performance of high and low skill 

participants might have declined at the same rate can be provided by the level of players 

selected for the study. While there was a significant difference between skill groups 

based on experience and level of play, perhaps the skilled athletes did not reach a level of 
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expertise that would allow them to develop advanced mental representations for soccer in 

general, and for the task specifically. It is important to note that mental representations 

are developed and acquired through practice and experience (Ericsson, 2003; 

Tenenbaum, 2003). Hence, it would be interesting to further investigate the role of vision 

whilst changing the nature of the task and the skill-level of the individuals.

Finally, performance under distorted vision was not significantly different from 

both the normal and occluded conditions. Thus, hypothesis three stating that performance 

for both groups will deteriorate under the distorted condition, was not supported by the 

statistical analysis. The results support the belief that some visual information is better 

than none, and that perhaps even if visual information is not accurate and is altered the 

perceptual-motor system is able compensate and adjust (Mann, Ho, De Souza, Watson & 

Taylor, 2007). Nevertheless, looking at the descriptive data, it seems that performance 

under the distorted condition was in between the other two visual conditions; better than 

the occluded condition and worse than the normal condition (see Table 2). An 

explanation to the relatively small effect of visual distortion on performance might be 

related to the amount of distortion induced. In a study examining the effect of vision on 

performance in an interceptive task (i.e., cricket batting), findings indicated that only a 

distortion comparable to that of legal blindness resulted in a significant decrement of 

performance (Mann, Ho,  et al., 2007). Distortion levels that were not as extreme did not 

result in significant performance decrements. Hence, if for an interceptive task, such as 

cricket batting, severe distortion is needed to significantly affect performance, in a self-

paced task, such as a soccer pass, in which vision is even less imperative, similar results 

should be discovered as well. 

Performance Estimations

To further investigate the utilization of mental representations, an analysis of the 

differences between participants’ performance estimation and actual performance was 

conducted. According to the mental representations approach high skill performers 

develop advanced mental representations that enable them to perform with greater 

accuracy, control, and flexibility (Hill, 2007). Furthermore, mental representations can 

take the form of performance goals, the procedure to achieve goals and representation of 

actual performance (Lehmann, 1997, as cited in Harris, 2008). Thus, it was hypothesized 
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that skilled players who have developed mental representations with practice, should be 

able to estimate outcome results more accurately than low skill participants when 

feedback is limited, especially under occluded conditions where the feedback available is 

minimal. Findings from the study supported the fourth hypothesis and the mental 

representations approach. High skill players estimated final ball location more accurately 

and with greater consistency than low skill participants (see Figure 14). Additionally, 

even though the skill by vision interaction was not significant, further examination 

revealed that the greatest estimation differences (i.e., ES = 2.77) between the two groups 

was in the occluded condition (see Figure 16). In the occluded condition reliance on 

mental representations is enhanced, since visual information is not available at all. Thus, 

the findings give further support to the notion that mental representations mediate 

performance, and that skilled performers acquire advanced internal representations which 

allow them to achieve superior performance (Hodges, Huys & Starkes, 2007). 

Conclusion and Future Directions

The present study attempted to further understand the role vision plays in 

performing a motor task, and to investigate the cognitive processes that mediate 

performance. The two leading approaches in the domain differ, among other things, on 

explaining the use of vision in performing a motor skill. The present study supported the 

notion that vision is utilized during a motor task, regardless of skill-level, thus concluding 

that visual information is important in producing performances even when mental 

representations exist, supporting the ecological/dynamical systems approach. 

Furthermore, an innovative attempt was made to collect data that enables to 

inspect internal representations of participants. Performance estimations taken from 

participants revealed that skilled players were able to better estimate performance 

outcomes. Thus, it was concluded that mental representations mediate performance and 

that skilled performers possess advanced mental representations, supporting the mental 

representations approach.

In conclusion, the results indicate that both mental representations and vision 

mediate performance. Further investigation is needed to gain a better understanding 

regarding the amount of visual information that is needed to achieve superior 

performance. In addition, with the use of advanced technology, creative ways to collect 
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data pertaining to mental representations and other cognitive processes should be 

developed. Finally, future research should concentrate on training interventions that will 

allow athletes to perform well under various visual conditions in real-world situations. 
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APPENDIX A

INFORMED CONSENT FORM

Study Title: “Visual and Skill Effects on Soccer Passing”

You are invited to be in a research study examining performance on a soccer passing 

task. You were selected as a possible participant because you are either a skilled or a 

novice soccer player.  We ask that you read this form and ask any questions you may 

have before agreeing to be in the study.

This study is being conducted by Itay Basevitch, as part of a Master thesis requirement in 

the department of Educational Psychology and Learning Systems, Sport Psychology 

program at Florida State University

Background Information:

The purpose of this study is to examine the performance of skilled and novice soccer 

players on a passing task under different visual conditions. 

Procedures:

If you agree to be in this study, we would ask you to do the following things:

Complete a series of passes, using your feet and a soccer ball, to a target at various 

distances and under different visual conditions. You will be videotaped during your 

performance of the task in order to analyze the performance in the lab using video 

equipment. You might be asked to answer a few questions, regarding your performance 

which will be recorded as well. The length of time for participation is approximately 1 

hour. 

Risks and benefits of being in the Study:

I understand that I will be at minimal risk to harm during this study. If at any time I 

experience any emotional or physical discomfort with the task involved in the study, I 

may freely discontinue participation.

The benefits to participation are to provide information and knowledge regarding the use 

of vision in a physical task. 

Confidentiality:

The records of this study will be kept private and confidential to the extent permitted by 

law.  In any sort of report we might publish, we will not include any information that 

will make it possible to identify a subject.  Research records will be stored securely and 

only researchers will have access to the records. I understand that the researcher will 

videotape the task. The researcher will keep these tapes in a locked filing cabinet. I 

understand that only the researcher will have access to these tapes and they will be 

destroyed by March 20th, 2011.

Voluntary Nature of the Study:

Participation in this study is voluntary.  Your decision whether or not to participate will 

not affect your current or future relations with the University.  If you decide to 
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participate, you are free to not answer any question or withdraw at any time without 

affecting those relationships.

Contacts and Questions:

The researcher conducting this study is Itay Basevitch. You may ask any question you 

have now.  If you have a question later, you are encouraged to contact him at (850)575-

3169 or email him at ib05@fsu.edu.  You may also contact Dr Gershon Tenenbaum at 

(850)644-8791.

If you have any questions or concerns regarding this study and would like to talk to 

someone other than the researcher, you are encouraged to contact the FSU IRB at 2010 

Levy Street, Research Building B, Suite 276, Tallahassee, FL  32306-2742, or 850-644-

8633, or by email at jjccoper@fsu.edu.

You will be given a copy of this information to keep for your records.

Statement of Consent:

I have read the above information.  I have asked questions and have received answers.  I 

consent to participate in the study.

________________ _________________

Signature                                          Date

________________ _________________

Signature of Investigator                    Date
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APPENDIX B

DEMOGRAPHIC INFORMATION

ID # ____

Please fill out the following information about yourself

1. Age __________

2. Gender __________

3. How many years have you been playing organized soccer? _______ years.

4. How many years have you been playing soccer (any form)? _________years. 

5. How old were you when you started playing soccer? _______. 

5. Are you Left or Right footed? _________ (Left/Right)

6. Do you wear glasses or use contacts? _______ (Yes/No)
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APPENDIX C

ESTIMATED PERCEIVED OUTCOME FORM

ID # ____

Visual Condition – Normal/Occluded/Distorted

Target Distance – 10yards/20 yards

Please estimate for each attempt if the ball hit the target, passed to the left or to the right 

of the target. Please estimate the distance from the target when the ball passed the target 

line, use an accuracy of .1 yards. 

Example:  Hit/Left/Right Distance from target:  5.3

1 Hit/Left/Right      Distance from target:       

2 Hit/Left/Right      Distance from target:       

3 Hit/Left/Right      Distance from target:       

4 Hit/Left/Right      Distance from target:       

5 Hit/Left/Right      Distance from target:       

6 Hit/Left/Right      Distance from target:       

7 Hit/Left/Right      Distance from target:       

8 Hit/Left/Right      Distance from target:       

9 Hit/Left/Right      Distance from target:       

10 Hit/Left/Right      Distance from target:       

11 Hit/Left/Right      Distance from target:       

12 Hit/Left/Right      Distance from target:       

13 Hit/Left/Right      Distance from target:       

14 Hit/Left/Right      Distance from target:       

15 Hit/Left/Right      Distance from target:       

16 Hit/Left/Right      Distance from target:       

17 Hit/Left/Right      Distance from target:       

18 Hit/Left/Right      Distance from target:       

19 Hit/Left/Right      Distance from target:      

20 Hit/Left/Right      Distance from target:       
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APPENDIX D

TASK EFFICACY

ID # ____

Visual Condition – Normal/Occluded/Distorted

Target Distance – 10yards/20 yards

Please indicate to what degree are you confident that you can accurately pass the ball to 

the target in the following block of passes?

Not confident at all Very confident

0 10 20  30  40  50  60  70  80  90  100
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APPENDIX E

PERCIEVED EFFICACY

ID # ____

Visual Condition – Normal/Occluded/Distorted

Target Distance – 10yards/20 yards

Please indicate to what degree are you confident that you accurately estimated the 

distance from the target, when the ball passed the target line, in the previous block of 

passes?

Not confident at all Very confident

0 10 20  30  40  50  60  70  80  90  100
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APPENDIX F

HUMAN SUBJECTS COMMITTEE APPROVAL

Office of the Vice President For Research

Human Subjects Committee

Tallahassee, Florida 32306-2742

(850) 644-8673 · FAX (850) 644-4392

APPROVAL MEMORANDUM

Date: 4/7/2008

To: Itay Basevitch

Address: 179 Moore Dr. Apt-2, Tallahassee, Fl, 32310

Dept.: EDUCATIONAL PSYCHOLOGY AND LEARNING SYSTEMS

From: Thomas L. Jacobson, Chair

Re: Use of Human Subjects in Research

Visual and Skill Effects on Soccer Passing

The application that you submitted to this office in regard to the use of human subjects in 

the research proposal referenced above has been reviewed by the Human Subjects 

Committee at its meeting on 03/19/2008.  Your project was approved by the Committee.

The Human Subjects Committee has not evaluated your proposal for scientific merit, 

except to weigh the risk to the human participants and the aspects of the proposal related 

to potential risk and benefit. This approval does not replace any departmental or other

approvals, which may be required.

If you submitted a proposed consent form with your application, the approved stamped 

consent form is attached to this approval notice.  Only the stamped version of the consent 

form may be used in recruiting research subjects.

If the project has not been completed by 3/18/2009 you must request a renewal of 

approval for continuation of the project. As a courtesy, a renewal notice will be sent to 

you prior to your expiration date; however, it is your responsibility as the Principal 

Investigator to timely request renewal of your approval from the Committee.

You are advised that any change in protocol for this project must be reviewed and 

approved by the Committee prior to implementation of the proposed change in the 

protocol.  A protocol change/amendment form is required to be submitted for approval by 

the Committee.  In addition, federal regulations require that the Principal Investigator 
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promptly report, in writing any unanticipated problems or adverse events involving risks 

to research subjects or others.

By copy of this memorandum, the Chair of your department and/or your major professor 

is reminded that he/she is responsible for being informed concerning research projects 

involving human subjects in the department, and should review protocols as often as 

needed to insure that the project is being conducted in compliance with our institution 

and with DHHS regulations.

This institution has an Assurance on file with the Office for Human Research Protection. 

The Assurance Number is IRB00000446.

Cc: Gershon Tenenbaum, Advisor

HSC No. 2008.1145
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