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Abstract 

The first purpose of the study was to the determine gaze behaviours of ice hockey players 

performing in live on-ice strategic defensive situations. Second and third purposes were to 

interpret the results relative to the notion of Quiet Eye (QE) and current models of decision

making, recognition-primed (Klein, 1998) or situation probability (Williams, et al., 1994). 

Expert and near-expert participants, who were members of Team Canada and a second tier team 

respectively, performed in two defensive ice hockey plays standard to the game of ice hockey 

(i.e., gap and contain). Using the Vision-in Action (VIA) system (Vickers, 1996a), the gaze and 

motor movements of participants were recorded concurrently during a pattern recognition, 

situation assessment, and decision-making phase of each trial on the ice. Each phase was 

defined by a common skating action indicating the transition from one phase to another. The 

duration of each phase was determined in absolute (ms) and in relative time (%), as was the 

frequency and duration of three gaze behaviors in each phase (fixation/tracking; saccades; and 

other). The relative duration (%) of each fixation/tracking gaze was analyzed in temporal order 

within each phase, as was the duration of fixation/tracking gaze to critical locations. No skill or 

outcome differences were evident in the frequency of gaze or search rate, thus departing from 

previous studies investigating perceptual characteristics in open tactical sports (Heslen & 

Pauwels, 1992; Williams et al., 1994). Second, the results support findings from previous 

studies that show that fixation/tracking duration differentiates skill level or outcome levels 

(Vickers, 1996a, Frehlich, 1997; Vickers & Adolphe, 1997, Janelle et al., 2000; Harle & Vickers, 

2001). Third, results for fixation/tracking duration revealed that expert performers have a shorter 
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duration of critical fixation/tracking gaze, thus departing from the longer durations found in 

closed skills. Finally, during significant fixation/tracking gaze, differences were evident in the 

location of the gaze to critical locations. The results tentatively show that E athlete's gaze 

behavior was more reflective of R P D models of decision-making, while the N E was more similar 

to SP models. 
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C H A P T E R 1 

Introduction 

A n individual's ability to make effective decisions in open sports, where time-pressure 

and uncertainty are prevalent, is a skill that separates many skilled and unskilled athletes 

(Williams & Grant, 1999). Ice hockey is an open sport in which both highly structured cues as 

well as broken patterns must be detected in a rapidly changing environment to implement the 

best course of action (Bard & Fleury, 1980; Starkes, 1987). Individual decisions repeatedly 

occur under time stress and uncertainty, and are related to very specific offensive and defensive 

tactical responsibilities (Helsen & Pauwels, 1992). Pelchat et al. (1980) suggested that "the 

game of ice hockey is one integrated unit like the game of chess: offensive movements are 

protected defensively, and defensive movements are potential attacks" (p. 13). 

In ice hockey, the concept of 'read and react' is referred to as the ability of the athlete to 

observe the environment, anticipate changes, and to execute the required decision (King, 1990). 

'Read and react' may be interpreted as the ability of expert performers to selectively attend to 

locations, which may assist in determining advance signals emitted by the opposition to hasten 

the decision-making process (Goldberg & Bruce, 1985; Goldberg & Seagraves, 1987; Robinson 

& Peterson, 1986). Dave King , a National Hockey League ( N H L ) Head Coach, has suggested 

that the ability of the athlete to quickly 'read and react' is the key to 'game sense' (Percival, 

1951). This term, which is similar to what Thorpe & West (1969) described as 'game sense', 

reflects the cognitive ability of the athlete to analyze the major components of the game and 

make efficient decisions leading to higher levels of performance. Indeed, professional hockey 
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scouts attempt to evaluate an athlete's decision-making abilities or 'hockey sense', and have 

considered background knowledge, understanding of the game, and the potential to devote 

attention to key strategies and tactics within the game as potential contributors (Renger, 1994). 

Does the concept of 'hockey-sense' apply uniquely to each situational event that occurs 

on the playing surface? Or, do expert players possess greater perceptual abilities underlying 

'hockey-sense' that have not yet been detected or defined scientifically? Is there an enhanced 

relationship between perception and action that can be researched in terms of the efficiency of 

the ocular-motor system in the interpretation of hockey information? Does this enhanced 

perception of relevant action information have an effect on the decision-making abilities of the 

athlete? 

The performance analysis of expert athletes in solving complex problems relevant to their 

domain has been an important contributor in understanding decision-making (Richman, Gobet, 

Staszweski, & Simon, 1996). In many sports, expert performance is often characterized by the 

efficiency of the athlete to interpret the problem, recognize a potential solution, and execute the 

correct motor task. Thus, the ability to problem-solve and make accurate decisions based on 

relevant stimuli is often associated with the level of expertise an individual has attained in that 

domain (Chamberlain & Coelho, 1993). Efficient visual perception abilities are involved in 

detecting and interpreting the spatial-temporal structure of environmental information needed for 

successful performance (Williams, Davids, & Will iams, 1999). Expert athletes often differ from 

non-experts in their ability to: a) efficiently recognize and recall sport specific patterns (Allard, 
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the ocular-motor system in the interpretation of hockey information? Does this enhanced 

perception of relevant action information have an effect on the decision-making abilities of the 

athlete? 

The performance analysis of expert athletes in solving complex problems relevant to their 

domain has been an important contributor in understanding decision-making (Richman, Gobet, 

Staszweski, & Simon, 1996). In many sports, expert performance is often characterized by the 

efficiency of the athlete to interpret the problem, recognize a potential solution, and execute the 

correct motor task. Thus, the ability to problem-solve and make accurate decisions based on 

relevant stimuli is often associated with the level of expertise an individual has attained in that 

domain (Chamberlain & Coelho, 1993). Efficient visual perception abilities are involved in 

detecting and interpreting the spatial-temporal structure of environmental information needed for 

successful performance (Williams, Davids, & Will iams, 1999). Expert athletes often differ from 

non-experts in their ability to: a) efficiently recognize and recall sport specific patterns (Allard, 

Graham, & Paarsalu, 1980; Starkes, 1987; Will iams & Davids, 1995), b) are faster and more 
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accurate in perceiving objects of relevance (Allard & Starkes, 1980), and c) are more efficient in 

visual search strategies and reliance on visual cues (Abernethy, 1990a; Vickers, 1992; Helsen & 

Pauwels, 1993). Often early detection, or advanced cue utilization, which is typically conducted 

during the response-selection and response-programming stage (Schmidt, 1988), permits the 

processing of information prior to the execution of the skill or movement time. A s the athlete's 

skill in detecting familiar patterns relevant to a sport specific problem increases, a strengthening 

of the relation between perception and action occurs resulting in a decision-making performance 

that is more efficient and effective (Chamberlain & Coelho, 1993). 

It has been stated that experts in a domain often possess intuitive abilities that allow them 

to solve familiar problems instantly, and new problems that require a more systematic and 

extensive analysis of the situation (Klein, 1998). The intuition of experts often permits a sudden 

solution or insight to a potential problem because of their reported ability to recognize familiar 

cues associated to patterns of information. Similarly, the intuitive nature of expert performance 

permits the athlete to employ a more efficient visual search process as opposed to the novice who 

must conduct a "step-by-step" visual search (Richman et al., 1996). Competent decision-makers 

use their experience to effectively assess a situation to reach an intuitive solution giving these 

experts the appearance of greater perceptual abilities (Klein, 1998). 

Ripol l (1991) has distinguished a semantic visual function, which attempts to identify and 

interpret the event, from the sensorimotor visual function, which carries out the action to be 

generated. In the past, sport researchers have studied semantic and sensorimotor visual 

functions separately, resulting in separate perceiving-acting and perceiving-understanding fields 
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of research. Ripol l (1995) argued that the interaction of these visual functions, as it relates to the 

levels of cognition in time pressured situations with varying levels of complexity, must be 

assessed concurrently to determine the relation between these visual functions. 

Vickers (1992; 1996a; Vickers & Adolphe, 1997; Vickers , Rodrigues, & Brown, in 

press), using the vision-in-action paradigm, studied the gaze behaviours of expert and non-expert 

athletes as they performed complex sport specific skills. The techniques used allowed for the 

coupling of perception and action and the analysis of the athlete's gaze at discrete moments in 

the action. She found that expertise, defined as a higher level of accuracy in the skil l , was 

dependent on the presence of quiet eye (QE), which was a measure of the location, onset, offset, 

and duration of the final fixation on critical locations in the environment recorded prior to the 

initiation of the action. Ecologically valid approaches, such as the ones developed by Vickers, 

thus appear to be of assistance in understanding the visual-motor capabilities of the expert and in 

addressing the connection between perception, pattern identification, decision-making, and 

action in dynamic strategic sports such as ice hockey. 

Purpose of the Thesis 

Although the perceptual skil l of read and react is defined as central to expertise in ice 

hockey, it is not known as to what is 'read' by athletes on the ice, nor the temporal relationship 

between this and effective decision-making and action. The purpose of the thesis is to determine 

i f Q E can be used as a measure of decision-making, or 'hockey sense' in ice hockey. Quiet eye, 

when applied to an ice hockey strategic situation, would occur when a specific location is fixated 
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or tracked prior to the initiation of a positioning, shooting, skating or passing skil l appropriate to 

the strategic problem. 

In the following review of literature, the concept of hockey sense wi l l be reviewed as it 

relates to decision-making and the level of expertise and success in executing basic defensive 

tactics. Several cognitive theories of decision-making wi l l be presented to achieve an 

understanding of how experts make decisions in fast-paced environments with a high degree of 

uncertainty. Special consideration wi l l be given to the process of selective attention and pattern 

recognition in complex skills, theories of visual perception in the visual search paradigm, and the 

vision-in-action paradigms. And finally. Q E as a potential decision-making variable wi l l be 

presented. 
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C H A P T E R 2 

Review of Literature 

Traditional Decision-Making Theories in Sport 

A n early theoretical basis for decision-making in sport is the choice reaction time 

studies of Hick (1952) and Hyman (1953). In these studies, it was found that the time it 

takes an individual to make a decision increases linearly as a function of the amount of 

uncertainty faced in that situation (Alain & Girandin, 1978). According to this cognitive 

approach, athletes can reduce their uncertainty in the decision problem by drawing upon 

task-specific contextual information and the situational probabilities estimates associated 

with each outcome (Williams et al., 1999). In this view of decision-making the 

performer identifies several fixed alternatives, assess the consequences in choosing each 

alternative, and makes a choice based on the rational analysis of each situational 

probability derived from an established knowledge structure (Kahneman, 1973). In other 

words, the formulation of the decision problem is defined by the a) options an individual 

must choose, b) the potential outcomes from these acts, and c) the probabilities that are 

related to the completion of these acts (Tversky & Kahneman, 1981). 

Several theories exist which suggests how decisions are resolved from the 

decision problem. Kahneman (1973) has suggested that heuristics, which assist in 

representing the problem, assess the availability of the relation from memory and the 

numerical predictions related to a problem, are often used to deduce complex situational 

probabilities into simple ones. For example, the heuristic of representativeness is often 

used to determine whether a variable belongs to a recognizable group of information. 
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The heuristic of availability of scenarios are employed when the plausibility of a 

particular outcome needs to be assessed (Tenebaum & Bar-El i , 1993). 

Another theory in decision-making research that hypothesizes how people make 

decisions is the subjective expected utility theory (Savage, 1972). In this theory, 

decisions are based on a set of axioms that assist in providing the rationality for the 

choices an individual makes during a decision event. By basing the decision on the 

subjective probability of each possible action, the gamble associated with the potential 

outcome diminishes. According to Tversky and Kahneman (1981), "The utility of a risky 

prospect is equal to the expected utility of its outcome, obtained by weighting the utility 

of each possible outcome by its probability. When faced with a choice, a rational 

decision-maker w i l l prefer the prospect that offers the highest expected utility" (p.453). 

Decision-making has been analyzed in sport situations as a means to understand 

how athletes make decisions in dynamic and fast paced sports. The analysis of the 

decision-making problem and use of situational probabilities in sport have been 

conducted by several authors (Alain & Proteau, 1977; Ala in & Girandin, 1978; Ala in & 

Proteau, 1980). They studied the decision problems from verbal recall interviews during 

squash rallies. From these interviews, it was determined that the squash athlete is often 

faced with a choice reaction time task which permits the identification of several 

alternatives in the decision-making problems on both offense and defense. To achieve 

success it was postulated that athletes obtained critical information prior to the selection 

of an accurate decision. For instance, the mechanics of the swing of the opposing player, 

player's position, speed of attacking player's displacement and others assist the athlete in 

reducing the uncertainty involved in the decision problem (Alain & Sarazin , 1990). 
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Ala in and Sarazin (1990) conducted stimulated recall interviews with an 

additional 48 squash athletes of different levels of expertise to determine how athletes 

would organize information associated with the decision problem and situational 

probabilities. It was suggested that three general preparatory states exist that enable a 

performer to reduce situational probabilities in the decision problem. During the first 

state, called partial preparation, a specific response is prepared but other possibilities are 

not omitted. If the specific response called for the completion of the decision problem, 

the time needed to complete the task is reduced. In the second state, or total preparation, 

the athlete determines in advance the motor pattern that must be executed in order to 

solve the decision problem. A n d finally, equal preparation occurs when all probability 

responses are equally prepared (Alain & Sarazin , 1990). 

Do normative decision theories based on the heuristics of rational choice 

represent the method of how individuals come to make decisions in many fast-paced 

sports characterized by uncertain and dynamic environments? In many open sports like 

ice hockey, where an individual is required to move and make new decisions with the 

play, it has been suggested that expert athletes exhibit superior strategies in choosing the 

correct decision (Tenebaum & Bar-El i , 1993). 

Naturalistic Decision-Making ( N D M ) 

The field of naturalistic decision-making ( N D M ) emerged in 1989 as an 

unconventional decision research paradigm, which attempted to study how experts from 

various domains use their knowledge to make decisions in their natural environments. 

Essentially, N D M emerged because traditional theories lacked explanatory or predictive 

power in time pressured, unstructured, real world settings with a small amount of 
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information (Zsambok, 1997). More specifically, N D M asks how experts "working as 

individuals or groups in dynamic, uncertain, and often fast-paced environments, identify 

and assess their situation, make decisions and take actions whose consequences are 

meaningful to them and to the larger organization in which they operate" (p.5). Zsambok 

has suggested that N D M differ from the traditional research on decision-making because 

participants are concerned with the assessment of the situation rather than the rational 

comparison of several possible solutions. 

N D M research is closely related to the study of expertise because it focuses on 

how people use their experience to make decisions in real world settings. The N D M 

approach differs from traditional analytic decision-making theories in three ways; 

namely, a) more effort is directed to assessment or understanding the nature of each 

situation, b) single options are generated sequentially through mental simulations rather 

than requiring the decision-maker to choose between the expected probability of each 

outcome, and c) options are selected i f they are deemed acceptable rather than the best 

action. In N D M , decisions in real life situations are a result of a combination of the 

unique features of the task and the subject's knowledge and experience relevant to the 

task (Orasanu & Connolly, 1993). Brehmer (1990) states that, 

The study of decision-making in a dynamic, real time context, relocates the study 

of decision-making and makes it part of the study of action, rather than the study 

of choice. The problem in decision-making, as seen in this framework, is a matter 

of directing and maintaining the continuous flow of behavior towards some set of 

goals rather than a set of discrete episodes involving choice dilemmas, (p.26) 
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In addition, N D M attempts to understand how experts use their acquired knowledge 

structures to interpret the situation. Many N D M problem solving studies suggest that 

experts and non-experts differ in the a) decision strategies implemented, b) the 

interpretation of problems, c) the information that is used to solve problems, and d) the 

speed and accuracy of decisions (Orasanu & Connolly, 1993). 

In N D M , it is argued the individual uses his or her experience to adopt successful 

courses of action without applying analytic strategies. The decision-maker is focused on 

situation assessment rather than the probabilities associated with decision event. Models 

of N D M tend to emphasize a) the role of action in cognition, b) the contribution of the 

perception-action relationship in the development of expertise rather than seeing 

cognition de-coupled from perception, c) how dynamic and evolving situations place 

different cognitive demands on individuals with varying level of expertise, and d) the 

competencies of the decision makers rather than their faults (Klein & Woods, 1993). 

Recognition-Primed Decision (RPD) Model 

K le in (1998) developed the Recognition-Primed (RPD) decision-making model to 

describe how people use acquired knowledge structures to determine the correct decision 

under extreme time pressure without having to compare alternative courses of action. 

The R P D model suggests that an individual's level of experience and domain specific 

knowledge is critical in determining the necessary cues, expectancies, and courses of 

action. The model assumes that proficient decision-makers rarely compare probability 

outcomes deduced from a set of heuristics. Rather, a significant amount of the expert's 

time is spent on the assessment of the situation that results in the selection of an 

appropriate action. 
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The R P D model, which assists in analyzing the performances of individuals in 

situations with time pressure, ambiguous information, ill-defined goals, and changing 

conditions, consists of three phases: a) situation recognition, b) serial option evaluation, 

and c) mental simulation of "how the course of action wi l l play out" (Klein, 1998, p.26). 

In the situation recognition phase of the R P D model, the individual recognizes a situation 

as typical or novel by identifying the critical cues that are inherent within the task. Based 

on this assessment, the individual selects the appropriate action as a result of his/her 

expectancies. During the serial option evaluation phase of the R P D model, the decision

maker assesses the characteristics of the situation until a suitable conclusion can be made. 

The resulting action is the one that is rated as the most typical to the emerging situation. 

The mental simulation phase of the R P D model occurs when the decision-maker does not 

reach an intuitive action and therefore must mentally simulate the steps to be taken, the 

potential outcomes of these steps, the difficulties that may be encountered, and how these 

problems should be handled (Lipshitz, 1993). 

The R P D model is different from classical decision models in several ways: a) in 

its ability to describe how people use their experience to come to a decision, b) on the 

situation assessment capacities of experts, c) by describing how experienced decision

makers identify a reasonable option as the first ones they consider, d) by showing how 

experience permits the individual to find the first usable option rather than the best 

option, e) by focusing on the serial evaluation of options rather than rational assessment 

of probabilities associated with each choice, and f) by conducting mental simulations to 

evaluate the course of each action (Klein, 1993). 



12 

Figure 1 represents the three functions of the integrated R P D model: (a) "the 

simple match", (b) "the diagnosis of the situation", and (c) "the evaluation of the course 

of action" (Klein, 1998, p.25). In Variation 1, a simple match is presented when the 

decision-maker quickly identifies the situation as a typical, or a familiar template-

matching scenario, which ensures ending in the correct action. In these situations, task 

relevant cues, goals, and relevant patterns are recognized easily, resulting in an action 

that is formulated with little uncertainty. Variation 1 of the R P D model is a simple 

"If.. .Then" reaction (p.26). In Variation 2, which is the diagnose variation of the R P D 

model, the decision-maker attempts to link observed events to causal factors to explain 

unanticipated outcomes. In this situation, additional attention is devoted to the correct 

diagnosis of the situation because the situation may not match typical memory structures. 

Variation 2 is similar to " I f (???).. .Then" (p.26). The evaluation course of action 

variation of the R P D means that the first information processing stage requires new novel 

information to solve the problem, but the action remains the same. Essentially, the 

decision-maker determines a single option by processing new and often unusual 

information and anticipating how a situation may be resolved. In Variation 3, the 

decision-maker ponders the outcome as he takes a " I f . . .Then (???)" (p.26) approach to 

solving the anomaly. In this situation the cognitive requirements are often familiar but a 

new, novel action must be generated (Klein, 1998). 
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Experience the Situation in a Changing Context 

Implement 
Course of Action 

Figure 1. Integrated version of Klein's (1998) Recognition Primed Decision-Making 

model. 

But how do expert ice hockey players come to perceive situations as typical or 

novel? And what are the characteristics that some expert ice hockey players possess? 

King (1990), suggested that to increase the read and react capabilities of the ice hockey 

player, the coach needs to constantly rehearse reoccurring game-like situations for 

players to recognize situations as typical. Perron and Chouinard (1991) said that expert 

ice hockey players possess and "come to recognize certain situations as typical play 

patterns necessitating a specific action or intervention" (p.28). These statements, while 

probably true, do not define what information the athlete uses, nor do these descriptions 
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describe or define whether a simple match (i.e., Variation 1), an extra acquisition stage 

(i.e., Variation 2), or the ability to create novel actions (Variation 3) is used. The nature 

of expertise in sport is now reviewed to consider these issues more fully. 

The Role of Experience in Expertise 

It has been argued that a minimum of ten years of preparation is often required for 

an individual to achieve the level of expertise in a given domain (Simon & Chase, 1973; 

Bloom, 1985). More recently, Ericsson, Krampe, and Tesch-Romer (1993) presented the 

theory of deliberate practice, which suggested that the level of performance attained is 

monotonically related to the amount of accumulated practice. The efficacy of Ericsson et 

al.'s theory is broad and wi l l not be considered in depth in this review. However, it does 

suggest that expertise may be dependent on an acquired knowledge base after years of 

practice. 

Simon and Chase (1973) have argued that years of experience in a given domain 

may assist the performer in acquiring vast amounts of task relevant information and 

pattern based retrieval skills. By evaluating expert performers in their prospective 

domains many researchers have attempted to determine the cognitive skills, that are 

needed to achieve success in that field (Williams et al.1999). In recent years, a 

significant amount of research has been conducted suggesting that experts a) have more 

elaborate task specific knowledge, b) develop a deeper understanding of the situation 

from the available information, c) encode and retrieve task specific information more 

efficiently, d) visually detect objects and patterns more accurately, e) make faster and 

more appropriate decisions than non-experts, and f) use situational probability 

information better (Singer & Janelle, 1999). 
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Advocates of this 'software' approach have suggested that the superior 

performance of experts is the result of a cognitive advantage, and the control of the 

degrees of freedom associated with a task (Bernstein, 1967), that has been acquired 

through years of experience (Frehlich, 1999). A n aspect of the 'software' approach 

attempts to clarify whether experts and non-experts differ in their abilities to encode or 

retrieve information, visual search patterns, perceptual anticipation, and whether the 

ability to selectively attend to informational cues can be acquired (Starkes & Deaken, 

1984). 

Perron and Chouinard (1991) in their discussion on experience, selective 

attention, and pattern recognition in ice hockey suggested that, 

Experience and training obviously play a significant role in this process of 

identifying and integrating only the stimuli that wi l l guide the player to execute 

the quality tactical skil l . There is so much information, and so little time to react, 

that the rate of selection becomes extremely critical, especially in hockey, where 

speed is virtually a determining factor (p. 27). 

Experts and Perceptual Anticipation 

It has been observed that expert athletes exposed to difficult or complex game 

situations make decisions more efficiently and accurately than non-experts (Tenebaum & 

Bar-El i , 1993). A s complexity associated with the task increases, the differences 

between the decision-making capabilities of experts and non-experts become more 

apparent. In experiments that examined game situations characterized by complex 

situations, expert volleyball and field hockey performers were 10% and 23% more 

efficient than their less skilled counterparts (Tenebaum & Bar-Eli) . Further, in extremely 
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complex situations the difference between the successful implementation of a proper 

decision between experts and non-experts increased to 111% (Tenebaum & Bar-Eli) . 

Why does such a discrepancy exist in decision-making as the complexity of the situation 

increases? 

Experts seem to possess perceptual anticipation, which is the process of 

determining the final outcome from partial information or visually based cues (Poultan, 

1957). The role of visual perception in sport may be understood as the ability to detect 

and interpret the spatial-temporal structure of environmental information to store the 

form of objects, surfaces, patterns and events (Williams et al., 1999). Schmidt (1988) has 

suggested that many expert performers often predict future events from the utilization of 

advanced cues that are present early in the event. This perceptual anticipation, which is 

typically conducted during the response selection and response programming stage, 

permits the information processing of activities in advance of competitors and ultimately 

reduces overall reaction time. During the response selection stage, the task of deciding 

what movement to make occurs. In the response programming stage, the organization of 

the motor system for the desired task is implemented. According to Schmidt, "skilled 

performers appear to organize movements in advance to get it right from the beginning 

rather than having to modify and correct an initially faulty movement as the movement 

unfolds" (p. 87). 

King (1990) has stated that failure in the defensive zone is often the result of the 

athlete's inability to conduct an efficient search of the offensive and defensive team's 

movement patterns. This failure to 'read' the evolving defensive situation often results in 

a) duplication of previously performed action of teammates, b) hesitations in initiating 
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the final execution of the task, and c) mistakes that may lead to a scoring opportunity for 

the opposing team. To stay a step ahead of the offensive player, the defensive player 

must conduct a careful appraisal of the moves of the offensive player (Percival, 1951). 

Domain-Specific Knowledge Structure in Expertise 

In many domains, it has been found that experts differ from non-experts in the 

amount and type of knowledge they possess and the way this knowledge is used in 

decision-making (Williams et al., 1999). A n expert's superior performance is often due 

to the context-specific knowledge base that is frequently used to interpret events similar 

to those previously experienced (Williams & Davids, 1994). These acquired knowledge 

structures, which consist of a) the chunking of information into manageable units, and b) 

the hierarchical organization of elements, concepts, and motor units, assist in directing 

the vision to more meaningful areas of the display based on past experience and 

contextual information (Vickers, 1990). 

Chi , Glaser, and Fair (1988) have suggested that the knowledge base of athletes is 

represented in the form of semantic networks. These networks propose that the expert 

has a greater number of conceptual nodes which have a) more features that define each 

node, b) a significant pattern that interrelates each node, and c) an enhanced ability to 

retrieve information related to these nodes. The enhanced semantic network of experts 

assist in creating superior problem solving or decision-making skills relevant to novices 

because of the easier access to production systems. A s an expert encounters a standard 

problem, the retrieval of a pre-stored production system is essential in implementing the 

correct action. However, for the novice to make a proper decision, the correct sequence 

to reach a solution must be assembled (Chi et al.). The expert individual's ability to 
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perceive more information in a single glance than non-experts may be evidence that 

experts' knowledge is chunked into meaningful units which assists in identifying patterns 

relevant to possible outcomes (Williams & Davids, 1994). 

Selective Visual Attention 

The expert performer's selectivity to visual cues may provide the foundation for 

the development of perceptual skill in decision-making. Abernethy (1990) suggested that 

the expert's ability to selectively attend to relevant sources of information and to ignore 

irrelevant ones is a skill that separates the expert from the novice. Learning is often 

attributed to the "increased attunement to critical perceptual invariants provided by the 

task" (p. 195). Thus, the skilled athlete is one who exploits advance signals emitted by 

the opposition to hasten the decision-making process. Further, it has been suggested that 

visual attention is accompanied by enhanced neuronal responsiveness to visual stimuli in 

the attended location (Goldberg & Bruce, 1985; Goldberg & Seagraves, 1987; Robinson 

& Peterson, 1986). Decision-making in many fast-based sports, such as ice hockey, is 

therefore reliant on the ability to detect and interpret perceptual information and 

comparing internalized memory structures with situational events (Williams et al., 1999). 

Fixed capacity theories of attention suggest that there is a capacity for the 

processing of information and that performance wi l l deteriorate i f these levels are 

exceeded (Allport, 1993). Many novices often become overloaded with attention 

demands that would be considered automatic to experts. The expert performer identifies 

important information and focuses on relevant cues while ignoring irrelevant ones. Past 

experience and developed knowledge structures interact with environmental stimuli to 
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allow the performer to recognize environmental stimuli as typical and familiar (Williams 

et a l , 1999). 

In addition, cognitive psychologists have equated the term of attention to three 

main processes: a) the state of alertness, b) selective attention, and c) the distribution of 

attention (Allport, 1993). The state of alertness or readiness for action typically examines 

the effects of alertness and arousal on performance. Selective attention is the 

identification and recognition of selected stimulation from visual, auditory, 

proprioceptive, and interceptive inputs that are competing for attention (Woods, 1990). 

Finally, skilled performers often distribute their mental resources across several actions, 

which helps to distinguish between controlled and automatic processing (Schneider, 

Dumais, & Shriffin, 1984). Controlled processing is a slow attention demanding process 

that is under conscious control. Automatic processing, on the other hand, occurs when 

information is processed in a fast, effortless manner without attention control causing 

actions that are reflexive in nature (Schneider et al.). Automaticity is a result of the 

strengthening of the relationship between perception and action (Schmidt, 1987). 

The change in the perception-action relationship is the result of the refinement of 

several processes. First, there is a shift to different sources of feedback as the individual 

attains more experience. Second, experts rely more on motor programs which are 

capable of controlling behaviour for a longer duration and incorporate more control of the 

degrees of freedom during movement control (Schmidt, 1988). According to Williams et 

al. (1999), these motor programs "are recalled and invoked prior to movement initiation 

such that the entire sequence is run-off automatically without conscious attention 

demand" (p. 49). Third, error detection mechanisms may be enhanced due to an 
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increased perceptual trace or memory system. Schmidt (1987) has suggested that 

automaticity is a result of patterns of sensory information that are detected quickly by the 

observer. The recognition of key patterns from their knowledge structure speeds up 

processing because more information can be processed faster with a single glance. 

In ice hockey, information from the playing environment is obtained through all 

of the senses but primarily through vision. In order for an expert hockey player to 

efficiently produce skilled motor movements, he/she must read each situation and react 

accordingly in a time-pressured environment. The player relies on cognitive processes to 

efficiently perceive the environmental situation, make a decision in relation to the play, 

and execute the appropriate action (Perron & Chouinard, 1991). 

Eye Movements and Gaze Behavior 

Schmid and Zambieri (1991) defined gaze as the absolute position of the eyes in 

space, which is dependent upon both the eye position in the orbit and the head position in 

space. Thus, the term gaze behavior is used to refer to the movement of the head and 

eyes to orient relevant information in the environment on to the fovea. Vickers (1996a) 

in a study investigating the gaze behavior of elite athletes during a foul-shooting task, 

defined gaze behavior "as the manner in which athletes move their eyes and head to take 

in available information while preparing and executing a free throw" (p.342). More 

specifically, it included the type, frequency, duration, onset, and offset of the subject's 

gaze behaviors. 

Traditionally, eye movements involved in gaze behavior research have been 

classified into gaze-holding, gaze-shifting, and fixational movements (Carpenter, 1988). 

Gaze-holding movements such as the vestibular-ocular reflex, which maintains the gaze 



21 

on a desired stimulus during head movement, goes beyond the scope of this study and 

wi l l not be investigated. In gaze-shifting movements, six pairs of extraocular muscles 

produce fast or slow eye movements. Saccades, which are rapid movements of the gaze 

to a new point in space, allow the fovea to focus on new environmental stimuli within the 

visual field. The fovea is a highly specialized region of the retina with a large density of 

receptor and ganglion cells located within one to two degrees of the central area of the 

retina. It is specialized for fine discrimination, detail, color vision, enhanced acuity, and 

in the inspection of detail. This inhomogeneous structure of the retina makes it 

impossible to view the perceptual field without eye movements (Carpenter, 1988). A s a 

result of an athlete's reliance on foveal vision, discrete eye movements are needed to 

perceive objects within the visual field (Fischer & Weber, 1993). These gaze-shifting 

movements are guided by the saccadic mechanism, which directs the visual system, in 

advance, to move to another point in the visual array. During this rapid movement, 

saccadic suppression occurs as information can not be acquired due to the inability of the 

fovea to fixate on an object for a minimum amount of time (Carpenter, 1988). 

In slow gaze-shifting movements, called smooth pursuit tracking, information can 

be acquired because the eye foveates on a moving target for an extended period of time. 

In the first 20 ms of smooth pursuit tracking, the acceleration of the eye is constant and 

unrelated to the stimulus but after this initial saccade, the gaze strongly pursues the 

position and velocity of the target stimulus (Carpenter, 1988). 

A fixation occurs when the fovea is focused and remains stable on a specific 

object within the visual field for a specific length of time. The analysis of the 

environmental stimulus, the sampling of the peripheral field, and the planning of the next 
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saccade are all conducted during a typical visual fixation (Viviani , 1990). In sport, 

minimum fixation durations have been reported to be as low as 100 ms in a golf putting 

task (Vickers, 1992) and as high as 1500 ms in soccer (Williams, et al., 1998b). Further, 

it has been assumed that during fixations, the performer conducts a detailed processing of 

environmental information (Williams et al., 1999). In more difficult situations, longer 

fixation durations are evident because more information needs to be processed 

(Carpenter, 1988). 

Visual Search Paradigm in Expertise Research 

Eye movement recording techniques have been used to examine the information-

processing abilities of expert and non-expert athletes in complex sport situations (Bard & 

Fleury, 1976; Abernethy, 1990; 1991; Abernethy & Russell, 1987; Goulet, Bard, & 

Fleury, 1989; Helsen & Pauwels, 1992, Wil l iam et al., 1994). In the visual search 

paradigm, researchers record the eye movements of subjects as they view static pictures, 

films, or live-action sport specific tasks in seated or standing positions with very little 

movement. For instance, Bard & Fleury (1976) conducted an investigation in basketball 

in which participants were randomly shown 84 typical offensive basketball situations to 

analyze the characteristics of visual search patterns. A s the subjects verbally responded 

to situation specific problems, eye movements of expert and naive participants were 

recorded. Results indicated that no differences existed in the decision time between 

groups but that experts had significantly fewer fixations than naive subjects and that the 

type of problem-solving tasks significantly affected the number of fixations and decision 

time (Bard & Fleury, 1976). 
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Bard & Fleury (1981) investigated ocular fixations of goaltenders as they verbally 

responded to a sweep or slap shot of an offensive player. Results indicated significant 

expert-novice differences in the distribution of ocular fixations during the preparation 

phase of the shot. For both the sweep and slap shot, expert goaltenders fixated 65% of 

the time upon the stick of the offensive shooter and 35% of the time on the puck. 

Novices, for a slapshot, fixated 30% of the time on the stick and 70% on the puck. For a 

sweepshot, novices fixated on the stick 13% of the time and on the puck 87%. 

Research from the visual search paradigm, which has examined the relation 

between visual search strategies, decision-making, and expert performance in tactical 

sports, has yet to produce a consensus on the perceptual-cognitive aspects of expertise 

(Helsen & Pauwels, 1992; Will iams et al., 1994; Williams et al., 1999). In fact, some 

researchers have suggested that using evidence from the visual search paradigm to infer 

higher cognitive functions of decision-making must be interpreted with caution because 

the experimentally accessible quantities are simply superficial indicators of cognition 

(Viviani , 1990). This lack of consensus has been evident in studies investigating the 

perceptual-cognitive aspects of expert and non-expert soccer performance. For instance, 

it has been suggested that experts are more skilled at employing an efficient visual search 

process, consisting of lower frequencies of fixations of longer duration than N E . 

Presumably, this economical process assists in locating, determining, and in the 

processing of relevant information used in decision-making (Helsen & Pauwels, 1992). 

Contrary, Will iams et al., (1994) suggested that the skilled nature of the visual search 

process of expert soccer players was contingent on a more extensive visual search 

strategy consisting of a higher frequency of fixations of lower duration. 
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In addition to these equivocal findings, many results from studies investigating 

the visual search characteristics of expert and novices showed that these groups were not 

significantly different (Abernethy, 1990, 1991; Abernethy & Russell, 1987; Goulet, Bard, 

& Fleury, 1989). Often the simple contrived laboratory tasks limited the expert's 

advantage by: a) introducing tasks that did not represent the experiential characteristics of 

the sport, b) implemented measures with potential floor or ceiling effects, c) denying him 

or her access to information that would normally be available in a natural environment, 

and d) presenting tasks with little or no movement (Vickers, 1992). Several researchers 

have questioned the efficacy of the techniques of the visual search paradigm and argued 

for the adoption of more ecologically valid approaches that measure the gaze behavior in 

ecologically valid situations (Ripoll , 1991; Vickers, 1992; Bard et al., 1994). 

Critical Advanced Cues from the Visual Search Paradigm 

In the visual search paradigm, eye movements of expert and novice athletes are 

recorded while viewing slides or films of specific skills or tactics. For example, Shank & 

Haywood (1987) investigated the visual search patterns of nine expert and nine novice 

batters as they tracked a ball during a pitch. The experiment used a simulated film display 

and was conducted in a laboratory setting with no physical movements. The participants 

were required to predict the type of pitch from clips of varying durations. Significant 

differences were found between the experts and novices relative to the duration of 

fixation at the point of release. During the wind-up, experts hitters tended to fixate on the 

release point of the ball from the pitchers hand whereas the novices fixated on the arm 

prior to the release. Further, novices exhibited a sequence of fixations from the release 

point of the ball, to the head, and back to the release point. The authors suggested that 
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the expert's maintenance of fixation only on the release point location was critical in 

maintaining attention and differentiated experts and novices on a baseball pitch. Singer 

(2000) suggested that early information in a task like the baseball pitch is critical because 

it permits an accurate estimation of the ball location relative to the batter. 

Using the visual occlusion approach, where parts of the skill are occluded, the 

perceptual abilities of expert and non-experts athletes were assessed in badminton 

(Abernethy & Russell, 1987a) and squash (Abernethy, 1990). Abernethy and Russell 

(1987a) presented five different temporally occluded stroke sequences to expert and 

novice athletes. Subjects were required to verbally predict the location of the shuttle 

from the information presented. Although few eye movement differences were observed, 

the results indicated that experts were more accurate and able to pick up and use display 

cues than novices when the film was occluded early, prior to contact. In the badminton 

study, the authors attempted to determine i f there were differences between experts and 

novices when spatial information was occluded in the visual display. Several areas of the 

visual display, such as the arm, arm and racquet, face and head and others, were occluded 

during routine rallies. Results indicated that expert athletes were able to pick up advance 

cue information from key locations that differentiated them from the novices. 

Abernethy (1990) similarly examined the visual behaviors of squash athletes 

using a temporally occluded film displays. Typical rally situations were cut off at five 

different intervals, and participants were required to verbally predict the direction of ball 

landing. Results indicated that experts used advanced cue information more often than 

non-experts. The results also indicated that the advanced cue information occurred 

earlier in squash than in badminton. Presumably, the earlier use of critical information in 
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squash was the result of a heavier racquet, which necessitated a greater involvement of 

the earlier acting proximal muscle groups (Abernethy, 1991). 

Magi l l (1994) in discussing the visual search paradigm and results emanating 

from this approach in open skills stated that: 

Visual search is actively looking for information in the environment that wi l l 

enable the performer to determine what to do in a situation. This search is 

especially critical in situations where there is a limited amount of time available 

for making a decision and response. In these situations, people gain advantage by 

successfully anticipating what w i l l occur and preparing an appropriate action 

accordingly. The success of this anticipation depends on being able to select 

critical environmental cues in advance so that the performer can anticipate action 

requirements. Thus, visual search is an important element in 'time pressure' 

situations (p. 104). 

Semantic and Somatosensory Interaction 

It has been suggested that studies investigating expert-novice differences in the 

visual search paradigm tended to be equivocal because of the inability of researchers to 

adequately simulate the semantic and somatosensory characteristics inherent within the 

task (Ripoll , 1991; Vickers 1992; 1996a; Williams et al., 1999). Ripol l (1991) suggested 

that the interaction of the semantic visual function, which identifies, interprets, and 

understands relevant information, and the sensorimotor visual function, which is used to 

carry out the response, is often reflected in open sports as a speed-accuracy trade-off. A s 

uncertainty and temporal pressure increases within the externally paced open-sport 

situation, the regulation of the interaction between the semantic and sensorimotor 
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interaction determines the pertinency of the response. According to Ripol l (1991), 

"Analysis of expert athletes' behavior shows that high level skill demands the 

coordination of sensorimotor and semantic level of processing to reach a high level of 

performance" (p. 238). B y increasing the ecological validity of the task in the 

experimental protocol, the characteristics that determine the experts' advantage over the 

novice can now be examined (Singer, Williams, Frehlich, Janelle, Radio, Barba, & 

Bouchard, 1998; Will iams, Davids, & Burwitz, 1994). 

Vision-in-Action Paradigm 

In recent years, a number of researchers have adopted the vision-in-action (VIA) 

paradigm developed by Vickers (1996a), to research differences in gaze behavior 

characteristics between experts and non-experts while they perform skills in live sport 

and other activity settings (Frehlich, 1997; Frehlich et al., 1999; Harlee & Vickers, 2001; 

Janelle, Hil lman, and Hadfield, 2000; Williams & Davids, 1994; Vickers, 1996a; Vickers 

& Adolphe, 1997; Singer et al., 1998; Vickers, Rodrigues, & Brown, in press; Williams, 

Singer, & Frehlich, in press). The V I A system (Vickers, 1996a), which integrates a 

mobile eye tracker with an external camera, permits the researcher to measure 

simultaneously the frame by frame characteristics of the subject's gaze, ocular, and motor 

behaviors while they physically perform the task. The V I A offers possibilities to study 

the combined semantic and sensorimotor characteristics of tasks that were previously 

separate and not available for analysis. Prior to the V I A , the separation of perception and 

action created a situation that could not adequately represent the physical expertise of the 

individual's skill in the situation and the relevant eye movement characteristics. Since the 

V I A assesses perception and action simultaneously, researchers can now attempt to 
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determine the links of the semantic and sensorimotor characteristics of the expert and 

non-expert athlete (Vickers, 1996a). By comparing the perception-action relationship of 

athletes at various levels of development in open and closed sports, the higher cognitive 

decision-making processes exhibited by experts can now be examined. 

Quiet Eye Defined 

One of the major findings using the V I A approach has been quiet eye (QE). 

Vickers (1996a) determined that expert athletes exhibited a Q E , which was a measure of 

sustained focus on an object or location, prior to performing the skil l . During Q E , 

fixation or tracking is maintained on a specific location or object in space, with onset in 

advance of movement initiation. Quiet eye is thus a perception-action variable, one that 

measures the optimal control of fixation or pursuit tracking relative to a specific motor 

response (Vickers, 1996a). 

Quiet-Eye in Closed or Sell-Paced SkiIk 

Most research in Q E has occurred in closed or self-paced skills where the 

performer is required to execute the skill with limited interference from external sources. 

In these stable and predictable environments, where attentional and preparatory factors 

are often unrestricted by time, researchers have been directed to understanding aspects of 

the cognitive processes and self-regulatory mechanisms that guide successful 

performance (Singer, 2000). During the performance of closed skills, such as in target 

aiming skills, Q E has been identified as an index of cognitive processing which is critical 

in the organization of movement parameters associated with the task. 

Significant skill and accuracy differences in Q E duration have been found in 

closed skills such as the basketball free throw (Vickers, 1996a; 1996b); billiards 
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(Frehlich, 1997; Frehlich et al, 1999); darts (Vickers, Rodrigues & Edworthy, 2000); golf 

(Vickers, 1992); and rifle shooting (Janelle, Hil lman & Hatfield, 2000; Vickers, 

Rodrigues, & brown, in press). When Q E has been experimentally reduced, motor 

performance has been found to decline for both expert and novices (Frehlich, 1997; 

Frehlich, et al., 1999) in skills of this nature. When Q E is overtly trained, onset, offset 

and duration of Q E improves as does performance accuracy (Adolphe Vickers & 

Laplante, 1997; Harle & Vickers, 2000). 

Frehlich (1997) and Williams, Singer, and Frehlich (in press) investigated the 

potential differences in visual search strategies between twelve highly skilled and lesser 

skilled players in a self-paced billiard task to determine the "sequence of gaze behaviours 

accompanying higher levels of accuracy in aiming tasks like the free throw" (Vickers, 

1996a, p. 351). Analysis of the shifting gaze patterns to specific locations (i.e., cue ball 

to object ball to cue ball) revealed similarities in fixation locations between the expert 

and novice group. However, it was determined that the visual search strategies of highly 

skilled billiard players were more efficient and economical than less skilled billiard 

players. Highly skilled billiard players made fewer fixations of longer duration than less 

skilled players who exhibited significantly more fixations of shorter duration. The novice 

group repeated the sequence of gaze behaviour significantly more often than the expert 

group. In addition, Q E was significantly related to performance at varying levels of task 

complexity for both the expert and lesser skilled groups (Frehlich et al., 1999). 

Janelle et al., (2000) attempted to determine i f a combined procedure consisting of 

electroencephalographic (EEG) measures and eye movements could be used to determine 

the underlying cognitive processes related to human visual attention in a self-paced rifle 
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shooting task. Research investigating psychophysiological aspects of expertise in self-

paced sports such as golf (Crews & Landers, 1993), archery (Salazar, Landers, 

Petruzello, & Han, 1990), and shooting (Hatfield, et al., 1984) have consistently found 

significantly less E E G left cortical activity in expert behavior prior to movement 

initiation. Janelle et al., (2000) found that during the preparatory phase of the movement, 

a significant relation existed between a quieter left hemisphere, as exhibited by a decrease 

in E E G alpha levels in the left cortical hemisphere, and Q E duration for the thirteen best 

shots. Janelle et al., (2000) suggested that, "the preliminary findings provided valuable 

insight into the cognitive processes that occur during the quiet eye period preceding 

response initiation" (p.28). 

The study of the behavioural aspects of expertise has succeeded in understanding 

aspects of perceptual-motor and self-regulated cognitive processes needed to excel in 

closed-task situations (Singer, 2000). Quiet eye has been deemed a critical variable in the 

optimal organization of movement parameters associated with closed tasks (Vickers, 

1996a; Janelle et al., 2000). However, in open or externally paced tasks such as ice 

hockey or soccer, the primary cognitive components have yet to be substantiated across 

different sport tasks (Singer, 2000) because of the difficulty in implementing realistic 

testing protocols, which are able to identify the perceptual-motor and cognitive 

characteristics of expert athletes in open sport setting (Williams et al., 1999). 

Q E in Open or Externally-Paced Skills 

In open or externally-paced sports (Singer, 2000), time constraints and temporal 

stress places considerable pressure on the decision-maker to visually search and 

recognize meaningful cues, anticipate the opponents intentions, and initiate the 
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appropriate decision in a timely fashion (Ripoll , 1991; Singer, 2000). Using the V I A 

method, studies have investigated the gaze and motor behaviour of performers in the 

volleyball serve reception and pass (Vickers & Adolphe, 1997; Adolphe, et al., 1997), 

and table tennis (Rodrigues, 2000; Rodrigues, Vickers, & Will iams, in press; Vickers, 

Rodrigues, & Brown., in press). Several of the results from these studies w i l l be 

reviewed in order to illustrate how Q E is defined in open, externally-paced skills. 

Vickers & Adolphe (1997) assessed the gaze behaviour of experts and non

experts athletes as they received a volleyball serve and performed a forearm pass. Quiet 

eye was defined as the onset of the final fixation or tracking gaze on the ball prior to 

stepping movement initiation to receive the ball. The mean frequency of gaze for experts 

and near-experts, who were Team Canada male athletes with high and low receiving 

statistics, respectively, was determined during ball flight. Results indicated that as the 

ball was tossed upward prior to contact of the serve, a lower frequency of gaze was 

exhibited by experts than by near-experts receivers and in successful than unsuccessful 

outcomes. In addition, during ball flight serve to contact, experts differed from near-

experts in that they had a lower frequency of gaze, exhibited a significantly earlier onset 

and longer duration of Q E and performed significantly fewer corrective steps to play the 

ball. Vickers & Adolphe (1997) showed that an early onset of Q E was critical in 

selectively attending to the important visual cues necessary to adequately organize the 

neural networks and motor programs involved in aiming accuracy, and this gaze occurred 

very early in the ball flight. 

In Rodrigues (2000) and Rodrigues et al., (in press) participants tracked the table 

tennis ball in flight and made the correct responses to right or left cued targets. The 
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target cue lights, which came on at varying intervals, provided the participants with more 

than 2 seconds to respond or 500 ms to make the right decision and carry out an effective 

action. Quiet eye was defined as that portion of ball pursuit tracking that occurred prior 

to the movement of arm to hit the ball. The results showed that when the performers had 

ample time to detect the target and hit to the right or left area, the high skilled athletes 

had an earlier onset of Q E , but no differences were found in duration for high skilled over 

low. When Normal adolescents were compared to participants with attentional deficit 

hyperactivity disorder ( A D H D ) (Vickers, Rodrigues, & Brown, in press), the A D H D 

partipants were found to have a later onset and shorter duration of Q E than normal 

controls. However, this was attributed to the A D H D disorder rather than normal 

behavior. When time was constrained in both experiments, the participant's accuracy 

declined, as did Q E duration (Rodrigues, 2000; Rodrigues et al., in press; Vickers et al., 

in press). 

A s is evident from the studies on Q E reviewed in closed and open skills, a number 

of equivocal findings have been found. First, although the onset of Q E occurs prior to 

movement time (MT) , it is unclear in open skill how early this is. Recall in the volleyball 

skill it was before any movement to play the ball and in table tennis early in ball flight, 

prior to backswing of the racquet. In closed skills, it has been observed that Q E onset is 

located just prior to the final movement. The duration of Q E has been consistently shown 

to be longer for experts in closed skills such as golf, basketball, billiards, and darts, but 

contrary evidence of briefer fixation duration by Williams (1994) in soccer suggests a 

shorter duration may be a characteristic of expertise in open skills. Part of the reason for 
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this discrepancy is that Q E has not been assessed extensively in an open sport where the 

gaze and motor behaviour of the performer has been assessed. 

The weight of evidence presented thus far suggests that the skilled hockey player 

wi l l detect critical cues earlier in tactical plays than non-experts, and that additionally this 

information must be fixated for sufficient durations to contribute to skilled outcome. 

Purpose and Hypotheses 

The first purpose of the thesis was to determine the gaze behaviors of expert (E) 

and near-expert (NE) ice hockey players while performing successful (Plus) and 

unsuccessful (Minus) defensive plays on ice. A second purpose was to interpret the 

results relative to the concept of Q E in open sport. The final purpose was to interpret the 

results relative to R P D (Klein, 1998) and or SP (Williams, et al., 1994) models of 

decision-making. 

The expert (E) athletes were members of Team Canada and the near-experts (NE) 

were members of a second tier team of skilled players. Two defensive play standard to 

the game of ice hockey were presented to the participants. Using the V I A system, the 

gaze and motor movements of E and N E participants were recorded concurrently during a 

pattern recognition (PR), situation assessment (SA), and decision making ( D M ) phase of 

each trial on the ice. Each phase was defined by a common skating action indicating the 

transition from one phase to another. The duration of each phase was determined in 

absolute (ms) and in relative time (%), as was the frequency and duration of three gaze 

behaviors in each phase (fixation/tracking (F/T); saccades (Sacc); and other). The 

relative duration (%) of each F/T gaze was analyzed in temporal order within each phase, 

as was the duration of F/T gaze to critical locations. 
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Frequency and Temporal Duration of F/T Gaze 

The analyses focused on detecting differences due to Skil l (E, N E ) and or 

Outcome (Plus, Minus) in the frequency, duration, and location of F/T gaze ( F / T - l , 

.. .F/T-n) in each phase. N o in-depth analyses were carried out on Saccades or Other. In 

closed skills, a lower frequency of critical F/T gaze has been found to differentiate Ski l l 

and/or Outcome (Vickers, 1996a; Vickers & Adolphe, 1997; Frehlich et al., 1999; 

Vickers et al., 1999; Janelle et al, 2000). In open skills, the evidence suggests that 

expertise is dependant upon a higher frequency of F/T and lower duration of F/T 

(Williams, Davids, Burwitz, & Williams, 1994; Will iams & Davids, 1998) to critical 

locations. Significant differences were therefore hypothesized as follows; 1) E wi l l differ 

from N E in having a higher frequency and lower duration of F/T to critical locations 

during each phase, 2) Plus trials w i l l differ from Minus trials in having a higher 

frequency and lower duration gaze to critical locations during each phase. 
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C H A P T E R 3 

Method 

Participants 

Twelve female ice hockey players, with an age range 18 to 35 years volunteered 

to participate in the study. Six E participants were members of the 1998, 1999, 2000, and 

2001 Canadian Women's National team, who were World Champions during all of these 

years except 2000. Five of the six N E , with an age range from 17-22, were members of 

the Under-22 Canadian 2000 Women's National team and the Olympic Oval Extreme, 

which won the Canadian Senior Women's National Championship in the year tested 

(2000). The remaining N E was a member of the 1998 Canadian Women's National team 

who had retired two years previous. Informed consent was secured prior to testing (see 

Appendix A ) . 

Apparatus 

The Vision-in-Action (VIA) system (Vickers, 1996) was used to record the gaze, 

ocular, and motor behaviour of the participants. The V I A system integrates a mobile eye 

tracker with an external camera, a time code generator, and two video mixers which 

couple participants' gaze, motor, and ocular behavior in time. A n Applied Sciences 

Laboratories ( A S L ) 501 eye tracker was interfaced to an external video camera (Sony, 

Model TRV82) and two digital video mixers (Videonics, Model M X - 1 ) to produce the 

frame of video data shown in Figure 2. The eye image (A), which was recorded by the 

eye camera on the eye tracker, contains horizontal and vertical axes at pupil and C R 

centroids. The scene image (B) was recorded by the scene camera also on the eye tracker 

and shows the participant's location of gaze relative to the ice hockey environment. 
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Location of gaze was indicated by the white cursor. The motor image (C) shows the 

participant performing ice hockey as recorded by the external camera. Video output 

frequency for V I A was 30 H z (i.e., one frame every 33.33 ms). 

Figure 2. A frame of video recorded with the Vision-in-Action method (Vickers, 1996) 

containing the (A) eye image, (B) scene image, (C) the motor image, and the location of 

the gaze. 

The A S L 501 is a monocular corneal reflection system that measures eye-line-of-

gaze with respect to the helmet (Figure 3). The helmet had a 10-metre cord attached to 

the waist, connected to the eye control unit, thus permitting the participant near-normal 

mobility. Miniaturized optics (scene and eye cameras), an illuminator, and visor were 

mounted on the helmet, with a total weight of 700 g. This system measured two features 

of the eye: the pupil and the corneal reflection (CR). The C R is the reflection of a small 

helmet-mounted light source from the surface of the cornea. B y measuring both features 
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and using parameters from a calibration procedure the system could accurately calculate 

eye-line-of-gaze with respect to the helmet. 

The eye camera, mounted on the top front of the helmet, is directed to the eye via 

the reflective visor with appropriate magnification so that the camera captured 

approximately a 1-in (2.54 cm) square around the eye. The eye was illuminated by a near 

infrared light source that was beamed coaxially with the camera. The light from the 

illuminator, which was invisible to the participant, retro-reflected from the retina and 

produced an image of a backlighted bright pupil rather than a dark pupil. The reflected 

image of the light source from the corneal surface appeared as a very small spot that was 

even brighter than the pupil image. The video image was processed by a computer to 

identify and determine the centroids of the pupil and the C R . By measuring the vertical 

and horizontal distances between the two centroids, line of gaze with respect to the light 

source could be computed. 

The color scene camera, mounted under the visor, recorded the reflection of the 

external side of the visor and showed the field of view in front of the participant (Figure 

3). When the head is held stable, the vertical field of view is 40 deg and the horizontal 

field of view is 50 deg. A square cursor (representing 2 deg of visual angle with a 4.5 mm 

lens), indicated the participant's location of gaze in the scene was superimposed on the 

video image. The system has an accuracy of ± 1 deg of visual angle and precision of 1/2 

deg. V I A was used to maintain accurate calibration of eye movements during data 

collection. 



Figure 3. Applied Science Laboratory 501 Eye Tracker helmet showing the (A) eye 

camera, (B) color scene camera, and (C) visor. 

Procedure 

Testing was carried out at the Olympic Oval ice hockey rink at the University of 

Calgary. Each participant arrived in full gear and performed in each of the defensive 

strategic situations. Figure 4 presents a schematic representation of the layout used in the 

study. The V I A system was placed on the left side of the defensive zone. A barrier was 

erected to prevent objects or athletes entering the research area. A n external camera was 

placed in an elevated position at the south end of the ice rink that captured the 

movements of the participant, teammates, and opponents in each strategic trial. 
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EC 

Figure 4. Top view of the Vision-in Action system adapted for ice hockey showing the 

position of the A S L 501 system (A), protective wall (B), external camera (EC), defensive 

participant (Dp), cable holder (ch), researcher (R), defensive player one ( D l ) , defensive 

teammate (Dt), offensive player one (01), and offensive player two (02). 

The Defensive and Offensive Players 

The defensive teammates and offensive opponents were elite male hockey players 

(aged 16-20) who were members of the either a Junior A A team or the University of 

Calgary. Two training sessions were carried out with these players, in which the specific 

plays were rehearsed. Both the "contain" and "gap" were well known to all the players. 

Three Phases of the Defensive Strategic Situations 

Each strategic situation consisted of a pattern recognition (PR) phase, a situation 

assessment (SA) phase, and a decision-making (DM) phase. During the PR phase, the 

participant had to quickly identify the developing pattern and assess the movements of 

the players skating through the neutral zone. A short period of scanning the play 

occurred before a definitive skating movement to counter the play. During the S A phase, 
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the athlete skated into the defensive zone and assessed the developing play as it 

progressed into the corner of the ice. This was a longer phase characterized by the 

defensive player reading both the movements of the offense and his teammates in an 

effort to counter the play correctly. The S A phase ended when the participant skated to 

perform in the final assigned role, or coped with a broken play. During the D M phase, 

the athlete completed the final execution of the play, that would prevent the offensive 

player from attacking the net. Figures 5, 6, and 7 illustrate these three phases for the 

"contain" defensive situation only and protocol used in each trial. 

Protocol 

Figure 5 shows the Dp standing in position with eyes closed preparing to respond 

to the movements of players skating through the neutral zone. On the cue word "begin", 

from the researcher, D1 , Dt, 0 1 , and 0 2 skated towards the middle neutral zone on the 

left side of the ice. A l l athletes were instructed to skate in pre-determined well-known 

patterns and compete at game-like intensity and speed of entry into the neutral and 

defensive zone. Once D l passed the blue-line, a whistle was blown which signalled the 

Dp to open her eyes and execute the correct defensive maneuver. The puck was released 

at the same time into the defensive end further defining the defensive trial. The P R phase 

onset occurred with the appearance of Dp's gaze and offset when Dp took her first 

skating movement to counter the movements of the approaching players. 

Each participant skated repetitive trials until at least two Plus, and or two Minus 

plays for each of Gap and Contain were skated. Preliminary assessment of each play was 

determined by the researchers and later confirmed through video analysis by two 

independent experts in ice hockey. 
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Figure 5. Pattern Recognition (PR) phase of the contain situation showing the defensive 

participant (Dp), cable holder (Ch), defensive player one ( D l ) , defensive player two 

(D2), defensive teammate (Dt), offensive player one (01), and offensive player two (02) 

initiating movement through the neutral zone. 

Figure 6 presents the S A phase. Onset of the S A phase began with the first frame 

of video following the onset of skating movement of Dp. During the S A phase, Dp had 

to read the developing defensive situation and execute a final "contain" movement that 

impeded the progress of 0 1 . 

Figure 7 presents the D M phase of the contain situation in which D l and 01 

competed to maintain and/or retrieve the puck in the corner. The Dp executes the 

required defensive skill based on the developing pattern, and it is at this time that the 

Coach evaluated DP ' s decision-making effectiveness by allocating a Plus or Minus. 
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Figure 6. Situation Assessment (SA) phase of the contain situation showing the 

movements of the defensive player one, defensive participant, and defensive teammate 

into the corner to counter the movements of the offensive players. 

Three gaze behaviors were defined using minimum duration parameters derived 

from the eye movement literature (Optican, 1985; Fischer & Weber, 1993; Carl & 

Gellman, 1987; Millodot, 1986). The dynamic nature of the defensive play in ice hockey 

precluded the separation of fixation and tracking behaviors. A single gaze was therefore 

coded, called fixation/tracking (F/T), which occurred when the gaze was stable on a 

stationary or moving player or object for more than 99.9 ms. (3 or more frames). A 

saccade (Sacc) was coded when a shift in gaze was observed from one location to 

another, with a minimum duration of 66.66 ms or two frames of data. A general category 

of gaze data was defined as Other, and included blinks, gaze beyond the rink, as well as 

uncodeable gaze behaviors caused due to excessive head and body movements during 

which the scene was blurred and uncodable. 
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Figure 7. Decision-Making (DM) phase of the contain situation showing the defensive 

participant (Dp) in position to respond to execute the final definitive movement. 

A blink (Millodot, 1986) was evident in the ocular image and had a minimum duration > 

99.9 ms (3 or more frames). Six gaze locations were identified critical in playing 

defensive ice hockey: offense-defense combination (O-D Combo), offensive player 

(Offense), defensive player (Defense), negative space (Neg Space), positive space (Pos 

Space), and other. 

Because the duration of each trial and components within the trial varied, all 

absolute measures of gaze were converted to relative time (Schmidt, 1988) in a 

normalization procedure which expressed each variable as a percent of each phase 

duration. Thus, each phase had on onset transformed to (0%) an offset 100%, and each 

gaze was a proportion of the total time (Schmidt & Lee, 1999). The normalization of the 

data (i.e. both gaze and phase durations) was calculated using the following formula: 

Relative Time = (absolute time of data point - absolute time of trial onset) * 100 

(absolute time of trial offset - absolute time of trial onset) 
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Independent Variables 

Ski l l Level . E Ski l l level was based on team membership on the 2000-01 

Canadian Women's National Team. Five of the six N E ' s were members of the Oval 

Extreme while the one remaining member was a former member of the 1998-99 

Canadian Women's National Team. 

Outcome. Typically, in ice hockey, a "Plus" statistic is given to the athlete when 

he/she is on the ice when a goal is scored. A "Minus" statistic is given to an athlete when 

on the ice for an opposing team's goal. Because shots on goal were not taken during this 

study, Plus/Minus trials were determined by two independent Canadian National team, 

Level 4 Coaches of the Canadian Hockey Association, who viewed the motor component 

(scene C of Figure 2) of the V I A data. A "Minus" trial was defined as the inability of the 

defensive player to impede the progress of the offensive team toward the empty goal. A 

"Plus" trial was defined as any attempt of the athlete to successfully defend, or impede 

the progress of the athlete towards the empty goal. The final data set consisted of two 

Plus trials (1 Gap, 1 Contain) and two Minus trials (1 Gap, 1 Contain) per participant. 

Dependent Variables 

Phase duration (relative percent). Phase duration was determined by the onset of 

gaze in each phase until a final definitive movement in the phase common to all 

performers. This was normally a skating or stick movement toward the play of the puck. 

Frequency of gaze. Frequency of F/T, S A C C , and Other was determined for each 

phase. 
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Relative onset and offset of F/T gaze per phase. Onset and offset of each F/T 

gaze behaviour in temporal order in each phase ( F / T - l , F/T-2, . . .F/T-n) where F / T - l was 

the F/T just prior to the definitive movement defining the end of each phase. 

Relative duration of F/T duration per phase. Duration of each F/T was F/T offset 

minus F/T onset. 

F/T locations. The F/T locations were: Puck, Stick, Offensive Player-Legs/Skate 

(O-LS), Offensive Player-Torso (O-Torso), Offensive Player-Head/Shoulder (O-HS), 

Offensive Player-Combination (O-D Combo), Defensive Player 1 (Defense), Offensive 

Player 2 (Offense), Positive Space (Pos Space), and Negative Space (Neg Space). 

Positive space was defined as the empty ice between two tactical locations and was 

similar to the tactical location of empty space defined by Bard & Fleury (1976). 

Negative Space was defined as any area in which tactical information could not be 

acquired. 

Physiological and Training Data 

Each player's physiological data (max V 0 2 , vertical jump, core body strength, 

height and weight) was acquired from the respective teams. In addition, years of formal 

training in which they had trained in three or more coached ice hockey sessions per week 

was determined. 
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Statistical Analysis 

Table 1 summarizes the trial characteristics of the E and N E athletes as 

determined by two independent judges. The temporal order of the four plus and four 

minus trials selected for analysis are shown. A N O V A procedures were used to analyze 

the data in four plus and four minus outcomes. A one way A N O V A by Ski l l (E, N E ) 

determined differences in age, years of training, and physiological parameters. Phase 

durations and gaze frequency were analyzed using a Ski l l (E, N E ) x Phase (PR, S A , D M ) 

x Outcome (Plus, Minus) x Trials, (4, 4) mixed model A N O V A with repeated measures 

on the last factor. Analysis of F/T was analyzed in each phase separately, using a Ski l l 

(E, N E ) x Outcome (Plus, Minus) x Trials, (4, 4) with repeated measures on the last 

factor. Because some trials were missing due to the failure of an athlete to complete 

enough Minus trials or to use a specific F/T, A N O V A procedures accommodating 

missing cells were used. 
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Table 1. 

Trial characteristics of each subject per trial during the defensive task as  
determined by two independent judges 

Trial # 1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18 19 20 21 22 
E1 X X X X X Y + Y + Y Y + + 7 Z Z X Z X Z z 
E2 X X X X X + X + + + Z Z >: X z X Z z 
E3 Y - + + + X X + X Y X X Y X X X X z z 
E4 . X X X X X X X X X X X X + + + - X Y Y 
E5 Y + X Y Y X X Y + X X + Y Y + Y z z 

Subject # E6 X - Y X Y X Y + - X Y + X Y X + Y X z z 
NE1 + + + + Y X X X Y Y Y X X X X X z z 
NE2 - Y Y X + X X X + X X X Y + X Y + z z 
NE3 X - + - X X X X - Y Y Y Y X X + Y + Y z z 
NE4 X - X X X Y Y X Y - Y + + Y X Y X z z 
NE5 + + + + Y Y X Y Y X Y Y Y X - Y Y X z z 
NEB X X - Y X + - Y X Y v X + X Y Y + X z z 

+= Judges agreed plus 
-= Judges agreed minus 
X= Equipment failure; uncodable data 
Y= Judges inconsistent rank 
Z= Trial not required 
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C H A P T E R 4 

Results 

Age, Physiological, and Training Differences 

N o significant differences were found between E and N E in the physiological 

data. These results were consistent with research which shows that elite athletes are very 

similar in terms of aerobic capacity (McArdle , Katch, & Katch. 1996), muscular strength, 

and power (Komi , 1992). Significant differences were found between the age of the E 

and N E , F (1,10) = 6.94, p < .03. The E group averaged 28.00 (SD = 4.70) years of age 

and the N E averaged 21.66 (SD = 3.50). Significant differences were also found between 

years of formal training of E and N E , F (1,10) = 4.81, p < .05. The E group averaged 

11.16 (SD = 5.88) years of formal training and the N E averaged 5.50 (SD = 2.35). These 

results support previous research showing that a minimum of ten years of preparation is 

often required for an individual to achieve a high level of expertise in a given domain 

(Simon & Chase, 1973; Bloom, 1985a; Ericsson, Krampe, & Tesch-Romer, 1993; 

Helsen, Hodges, Van Winckel , & Starkes, 2000). 

Phase Durations 

Phase durations were analyzed using a Ski l l (E, N E ) x Phase (PR, S A , D M ) x 

Outcome (Plus, Minus) x Trials (4, 4) mixed model A N O V A with repeated measures on 

the last three factors. A significant difference was found for phase, F (1, 42) = 903.80, 

p < .0001. The mean duration of the PR phase, expressed as relative percent was M = 

7.23 %, SD - 2.64 %. Absolute duration (ms) of the P R phase was M = 497.16 ms, SD = 

175.30 ms. The mean duration of the S A phase was M = 78.79 %, SD = 8.59 %. 

Absolute duration of the S A phase was M = 5481.75 ms, SD = 994.72 ms. The mean 
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duration of the D M phase was M = 9.96 %, SD = 4.91 %. Absolute duration of the D M 

phase was M = 706.02 ms, SD = 443.70 ms. Post-hoc contrast of means revealed that the 

S A phase was significantly longer in relative duration than the PR, F (1, 1) = 1574.10, p 

< 0 0 0 1 , a n d D M , F ( l , 1)= 1453.67, p < .0001, phases, as shown in Figure 8. N o other 

significant effects were found. 
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Figure 8. Mean phase duration (relative percent) of the pattern recognition (PR), 

situation assessment (SA), and decision-making ( D M ) phases of the defensive task. 

Mean Frequency of Gaze Behaviors 

The mean frequency of gaze behaviours in the PR, S A , and D M phases were 

analyzed using a Ski l l (E, N E ) x Phase (PR, S A , D M ) x Outcome (Plus, Minus) x Trials 

(4, 4) mixed model A N O V A with repeated measures on the last three factors. A 

significant difference was found for phase F (1, 39) = 128.47, p < .0001. The mean 

frequency of gaze for the P R phase was M = 2.68, SD = 1.06. The mean frequency of 

gaze for the S A phase was M = 17.13, SD = 5.65. The mean frequency of gaze for the 
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D M phase was M = 2.01, SD = 1.26. Post-hoc contrast of means revealed a significantly 

higher frequency of gaze in the S A phase compared to the PR, F (1, 1) = 203.80, p < 

.0001, and D M , F (1, 1) = 212.35, p < .0001, phases as shown in Figure 9. N o other 

significant effects were found. 
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Figure 9. Mean frequency of gaze behaviours in the pattern recognition (PR), situation 

assessment (SA), and decision-making (DM) phases of the defensive task. 

Frequency of Type Gaze (F/T, Saccades. Other) x Phase 

The frequency of type gaze (i.e. F/T, Sacc, Other) in each phase (i.e. PR, S A , 

D M ) were analyzed using a Ski l l (E, N E ) x Outcome (Plus, Minus) x Trials (4, 4) mixed 

model A N O V A . Figure 10 presents the mean frequency of type gaze in each of the PR, 

S A , and D M phases. In the P R phase, a significant difference for type gaze was found F 

(df 1,7) = 5.65. p <.01. The mean frequency of gaze for F/T was M = 1.22, SD = 0.42, 

Saccades was M = 1.44, SD = 0.73, and Other was M = 1.00, SD = 0.00. N o other 

significant effects were found for type of gaze in the P R phase. 
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In the S A phase, a significant main effect was found for type gaze F (1, 40) = 

41.30, p < .0001. The mean frequency of gaze for F/T was M = 7.36, SD = 2.27, 

Saccades was M = 5.99, SD = 2.90, and Other was M = 3.89, SD = 1.78. Post-hoc 

contrast of means revealed a significantly higher frequency of F/T gaze in the S A phase 

compared to Other (1,1) 90.23 = p < .0001. N o other significant effects were found in 

the S A phase. 

Due to missing data in the D M phase, no significance testing was conducted. The 

mean frequency of gaze in the D M phase for F/T was M = 1.42, SD = 0.69, Saccade was 

M = 1.32, SD = .60, and Other was M = 1.03, SD = 0.17. 

Frequency 
of Type 
Gaze 

P R S A D M 

Phase 

Figure 10. Frequency of type gaze in the pattern recognition (PR), situation assessment 

(SA) and decision-making ( D M ) phases of the defensive task. 

Fixation/Tracking (F/T) Gaze Behaviors x Phase  

Pattern Recognition Phase 

The duration of each F/T gaze behaviours was determined in each phase and 

analyzed separately using a Ski l l (E, N E ) x Outcome (Plus, Minus) x Trials (4, 4) mixed 
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model A N O V A . During the PR phase, only one F/T (i.e. F / T - l ) was found. N o 

significant effects for F / T - l were detected. Figure 11 shows a graphic representation of 

the onset and duration of F / T - l during the P R phase. 
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Figure 11. Relative onset and duration of F / T - l of the expert, near-expert, plus and 

minus trials in the pattern recognition phase. 

Situation Assessment Phase 

A n upper range of 11 F/T were found in the S A phase ( F / T - l , F/T-2, .. . F / T - l 1), 

where F / T - l was temporally located just prior to the skating movement, leading to the 

D M phase. Sufficient F/T data was available to analyze F / T - l to F/T-6, with a range of 

92% (F /T- l ) to 66% (F/T-6) of cells filled. Each F/T was analyzed separately using a 

Ski l l (E, N E ) x Outcome (Plus, Minus) x Trials (4, 4) mixed model A N O V A . with 

repeated measures on the last two factors. Table 2 presents the relative duration of F / T - l , 

F /T-2, . . .F/T-6 for skill and outcome in the S A Phase. A graphic overview of the relative 
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onset and duration of each F/T gaze in the S A phase for E and N E and Plus and Minus is 

presented in Figure 12. 

Fixation/Tracking-1 

No significant effects for F / T - l duration were evident in the S A phase. 

Fixation/Tracking-2 

No significant effects for F/T-2 duration were evident in the S A phase. 

Fixation/Tracking-3 

N o significant effects for F/T-3 duration were evident in the S A phase. 

Fixation/Tracking-4 

N o significant effects for F/T-4 duration were evident in the S A phase. 

Fixation/Tracking-5 

A significant effect was found for Ski l l in the relative duration of F/T-5 F (1, 16) 

= 6.13, p <.01 as evident in Table 1. The relative duration of F/T-5 for E was shorter ( M 

= 5.80 %; SD = 5.09 %) than for the N E ( M =10.14 %; SD = 9.68%). 



Table 2. 

Relative Duration of F / T - l . . . F / T N in the situation assessment (SA) phase of the  
defensive zone task, by Ski l l and Outcome. 

Gaze Ski l l Outcome 

E N E Plus Minus 

F / T - l 20.54 17.43 19.90 17.58 

±13.66 ±12.40 ±14.03 ±12.03 

F/T-2 10.88 13.05 12.03 11.92 

±11.48 ±11.52 ±11.87 ±11.24 

F/T-3 7.91 9.46 7.70 9.71 

±6.25 ±6.38 ±5.43 ±7.02 

F/T-4 9.39 8.83 7.52 10.56 

±6.38 ±7.60 ±4.63 ±8.54 

F/T-5 5.80* 10.14* 9.36 7.09 

±5.09 ±9.68 ±10.06 ±5.85 

F/T-6 7.79 7.54 7.53 7.78 

±6.26 ±5.53 ±5.92 ±5.81 

± = Standard Deviation 
* = Significant (p. < .01) 
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Figure 12. Relative onset and duration of fixation/tracking gaze of Expert and Near-

Expert and Plus and Minus in the situation assessment phase. Significant durations are 

indicated by shading. 
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The interaction of Ski l l x Outcome for F/T-5 was also significant F (1, 16) = 6.13. p. < 

.03) as shown in Figure 13. The mean duration for the E in the Plus trials was lower ( M 

= 4.66 %; SD = 2.17 %) than on the Minus trials ( M = 7.01 %; SD = 6.86 %). The mean 

duration for the N E in the Plus trials was longer ( M = 13.58 %; SD = 12.38 %) than in 

the Minus trials ( M = 7.14 %; SD = 5.14 %). 

30 T 

25-

20-

Duration (%) 
of F/T-5 15-

10-

5 -

0 -

E N E 
Figure 13. Mean duration (relative percent) of the F/T-5 gaze by skill and outcome in 

the situation assessment phase. 

Fixation/Tracking-6 

No significant effects for F/T-6 duration were evident in the S A phase. 

Decision-Making Phase 

During the D M phase, no significant effects were observed for F / T - l duration. 

Figure 14 presents the mean onset and duration of F / T - l during the D M phase. 
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Figure 14. Relative onset and duration of F / T - l from the expert, near-expert, plus and 

minus trials in the decision-making phase. 

Fixation Location 

Significant F/T gaze were analyzed further in terms of gaze location. Only one 

F/T gaze duration - F/T-5- was analyzed due to the result revealing a significant effect for 

Ski l l and the interaction of Ski l l x Outcome. 

Fixation/Tracking-5 Location 

The duration (relative percent) of F/T-5 gaze to each location is presented below. 

A low gaze duration was evident at Offense ( M = 2.10 %, SD = 0.22 %), Positive Space 

( M = 4.58 %, SD = 2.71 %), Negative Space ( M = 3.68 %, SD = 1.59 %), and O-Head 

Space ( M = 4.23 %, SD = 3.02 %). A higher gaze duration was evident at the O-D 

Combo ( M = 11.04 %, SD = 9.65 %), and the Puck ( M = 9.99 %, SD = 7.15 %). There 

was insufficient data, for each gaze location to carry out additional statistical tests. 
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Figure 15 presents the percent of O-D Combo, Positive Space, and Puck by skill level 

and plus/minus performance. Sufficient data were not available for Negative Space, 

Offense, and O-Head. The E during Plus trials allocated an equally low duration of time 

to O-D Combo and Puck, whereas the N E in Plus trials needed more time to view the 

same information. Both the E and the N E were similar in allocating fixations on Positive 

Space in Plus and Minus trials. 

E P l u s E Minus N E Plus N E Minus 

Figure 15. The interaction of Ski l l x Outcome at F/T-5 in the situation assessment phase 

to O-D Combo, positive space, and puck. 
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C H A P T E R 5 

Discussion 

The purpose of the thesis was to determine the gaze behaviours of E and N E ice 

hockey players performing in on-ice strategic defensive situations. Second and third 

goals were to interpret the results relative to the notion of Q E and current models of 

decision-making. The study was situated within the context of a tactical defensive 

problem using the V I A paradigm. For the first time, the gaze and motor characteristics of 

ice hockey players were investigated during on-ice defensive plays. 

A number of findings were found that increase our understanding of the 

relationship between the gaze and motor behaviors of elite athletes in ice hockey, as well 

as in open, as opposed to closed motor tasks. First, no skill and/or outcome differences 

were evident in the frequency of gaze or search rate, thus departing from previous studies 

investigating perceptual characteristics in open tactical sports (Heslen & Pauwels, 1992; 

Will iams et al., 1994). Secondly, the results support findings from previous studies 

which show that fixation duration differentiates skill level and/or outcome levels 

(Vickers, 1996a, Frehlich, 1997; Vickers & Adolphe, 1997, Janelle et al., 2000; Harlee & 

Vickers, 2001). Third, results for F/T duration revealed that E performers have a shorter 

duration of critical F/T gaze, thus departing from the longer durations found in closed 

skills. Finally, during significant F/T gaze, skill and outcome differences were evident in 

the location of the gaze to critical locations. 

Mean frequency of gaze per phase, the type of gaze per phase, and the pertinence 

of the critical F/T gaze during the trial are first discussed, followed by a discussion of the 

theoretical implications of Q E in open and closed sports. Finally, the relevance of these 
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results to Recognition-Primed (Klein, 1998) and Situation Probability (Williams et al., 

1994) models of decision-making in sport tactical settings is discussed. 

Mean Frequency and Type of Gaze per Phase Duration  

Pattern Recognition Phase 

In the PR phase, the athletes were required to quickly read the approaching 

pattern of players moving through the neutral zone and initiate movement into the 

defensive task. A danger existed for athletes to get 'left behind' as they viewed the 

quickly unfolding pattern, which necessitated a quick read and a rapid skating movement 

to counter. This phase was of very short duration, on average 497.17 ms, and had a mean 

of 1.22 F/Ts, 1.44 Saccades, and 1.00 Other. These results show that the most frequent 

gaze was the Saccade. Given the temporal pressure evident during this quick phase, the 

athletes searched quickly for tactical cues inherent within the moving pattern of athletes 

and were similar in their ability in doing this. The mean duration of F / T - l gaze for the E 

( M = 64.68 %), N E ( M = 62.72%), Plus ( M = 61.95%) and Minus ( M = 65.34 %) trials 

were similar. The lack of significant skill and/or outcome difference in F / T - l duration 

during the P R phase indicates that the E and N E were very similar in detecting relevant 

cues, and this may have been due to the relatively high skill level of all the players 

involved, and the basic nature of the defensive plays used. 

Situation Assessment Phase 

In the S A phase, a high frequency of all gaze ( M = 17.13) was found in a mean 

phase duration of 5481.75 ms. The high frequency of gaze is reflective of the temporal 

pressure and inherent functional uncertainty which existed for all athletes during this 

phase. The major decision within the S A phase was disguised in the form of a defensive 
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problem (i.e. gap or contain) where the athletes were required to inhibit the offensive 

movement of the opposing team to the net by initiating situation specific defensive 

responsibilities. If an incorrect decision was made, the opposing team could achieve a 

direct route to the net and the participant would fail to execute in the defensive zone. 

Therefore, in order for a correct assessment to occur, the athletes were required to read 

the developing situational characteristics, move accordingly with the pattern of players, 

and react by implementing a timely and appropriate decision. 

Frequency of type gaze differed averaging 7.36 for F/T, 5.99 for Saccades, and 

3.89 for Other. Further, an upper range of eleven F/T were found. These results show 

that the dominant gaze during the S A phase was F/T, as evident by the higher frequency 

of F/T. Table 1 and Figure 12 show that during the initial part of the phase, fixation 

durations were shorter than during the latter part of the phase. Fixation/tracking duration 

ranged from a low of 3% of relative time ( F / T - l 1) to 7% (F/T-3), while F / T - l was 19% 

and F/T-2 was 12%. This shows clearly that during the initial part of the play, the 

participants had very little time to see relevant cues in a space not only characterized by 

the rapid movement of players but also a wider visual angle of the critical ice surface. 

During the latter part of the play, the play was situated within a narrower field of view 

and the players fixated on usually one player and to more immediate cues for longer 

duration. The hypothesized significant differences in overall search rate by skil l and 

outcome were therefore not found in the S A phase because the changing nature of the 

field of view as the play unfolded. 

This result may also explain results from the visual search paradigm investigating 

search rate frequency in open sport has been equivocal, with Abernethy and Russell 
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(1987a), Abernethy (1990), and Williams et al., (1994) finding a high search rate and low 

duration fixation in squash and soccer, respectively, and Ripol l (1991), Helsen and 

Pauwels (1993) finding a low search rate and high duration in volleyball and soccer 

respectively. Helsen & Pauwels (1992) using 3 on 3 and 4 on 4 filmed tactical paradigm 

for 2.49 seconds, found 1.98 fixations per trial with an average fixation duration of 

457.86 ms. The experts had a lower search rate as evident by significantly fewer fixations 

of longer duration than the non-expert group. Will iams et al., (1994) using 11 on 11 open 

play soccer film clips for 10 seconds, found 9.57 fixations per trial with an average 

duration of 1048.55 ms. The experienced soccer players had a higher search rate as 

evident by significantly more fixations of shorter mean duration than inexperienced 

soccer players. Will iams & Davids (1998) investigated this relationship using 3 on 3 and 

1 on 1 soccer film clips. In the 3 on 3 situations, which lasted an average duration of 6 

seconds, the authors found 4.06 fixations per trial with a mean fixation duration of 918.66 

ms. N o differences were evident by skill in search rate. In 1 on 1 situations, which lasted 

an average duration of 4 seconds, the authors found 2.25 fixations per trial with a mean 

fixation duration of 1329.81 ms. N o differences were evident by skill in search rate. 

The underlying reasons for the different search rates and durations in each of 

these studies are not clear. However, it has been argued that different search rates may 

emerge in 1 on 1, 3 on 3, and 11 on 11 tactical situations because each require a different 

approach by the defender to locate and extract critical information (Williams et al., 1994). 

In 11 on 11 situations, a high search rate was evident because players needed to be 

cognizant of cues portrayed in a wide field of view, such as the position of the ball, their 

own position in relation to the ball, locations of the players off the ball, and movements 
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of offensive players initiating penetrating movements into key defensive areas (Williams 

& Davids, 1998). In 3 on 3 tactical situations, the number of perceptual information 

sources is more constrained to a smaller area than the 11 on 11 situation, thus requiring a 

search rate strategy that is not as active. In 1 on 1 tactical plays, the perceptual 

information required by the defender is more precise as reflected by a high mean duration 

and lower frequency of gaze to key areas of the display. 

The results of the current study would agree with the idea that differing search 

rate strategies emerge in situations of varying complexity, but disagree with the notion 

that search rate alone can differentiate skill level and/or outcome. This claim is 

supported by several factors. First, no significant skill and outcome differences existed in 

mean frequency of gaze and type gaze during each of the PR, S A , and D M phases. 

Secondly, this was the first study to record the gaze of players in a live tactical sport 

setting and this may have provided access to data not available in studies employing the 

visual search paradigm where video presentations and no or limited live action was 

present. The high search rate could be due to the extensive number of perceptual 

information sources, as suggested by Williams et al., (1994), or the fact that during the 

early part of the S A phase the players were required to detect relevant stimuli from a 

wider, more active environment. During the latter half of the S A phase, a lower 

frequency of high duration was evident, when the participant was more likely to 

encounter Ion 1 or 2 on 2 tactical patterns, as shown in Figure 13. This could be due to 

either a decrease in the perceptual information sources as suggested by (Williams & 

Davids, 1998) or the increase in the visual angle in the participant's field of view. 
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Recall that six F/T gaze were analyzed in terms of F/T duration and location in 

the S A phase ( F / T - l , F/T-2, . . .F/T-6). Both E and N E were similar in the onset, offset, 

and duration of each gaze (see Figure 12) confirming the very high skill and similar 

abilities of the two groups. One significant F/T was found, F/T-5. The duration of F/T-5 

for E was shorter ( M = 5.80 %) than for N E ( M = 10.14%), 317.94 ms compared to 

555.84 ms. In addition, the E needed less time to process similar critical information at 

this time as they directed their gaze for a shorter duration to the O-D Combo ( M = 7.79 

%) than the N E ( M = 13.47 %). Similarly, the E directed their gaze for a shorter duration 

to the Puck ( M = 6.00 %) than the N E (12.14 %). 

A significant interaction of Sk i l l x Outcome was also found for F/T-5. In Plus 

trials, the E duration was shorter ( M = 4.66 %) than the N E ( M = 13.58 %). In Minus 

trials, the E duration ( M = 7.01%) was similar to the N E ( M = 7.14%). During this 

significant interaction, the location of the gaze differed as well . The E in Plus trials spent 

less time on the area of the O-D Combo ( M = 6.26 %) than the N E ( M = 16.96 %). The 

E in Plus trials spent less time on the area of the Puck ( M = 4.47%) than the N E ( M = 

13.99%). Both the E and N E had similar mean durations to locations in Minus trials. 

Taken together, these results show that a shorter mean F/T-5 gaze duration was used by 

the E players on Plus plays, revealing their enhanced ability to detect relevant cues in less 

time than their N E counterparts. 

These results both differ and agree with previous studies investigating the 

perceptual characteristics of elite athletes in open sports. First, studies investigating 

perceptual characteristics of athletes in open tactical sport have failed to find significant 

F/T gaze, distinguishing skill level and/or outcome (Helsen & Pauwels, 1992; Williams, 
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et al., 1994; Will iams & Davids, 1998). For example, Williams & Davids, (1998) in a 3 

on 3 tactical condition found that defenders spent most of their time fixating on the lower 

part of the soccer dribbler's body, however, no significant differences by skill and/or 

outcome were evident in fixation duration by location. In a 1 on 1 task, defensive 

participants spent more time fixating on the lower part of the dribbler's body. Even 

though there were no significant skill differences were found, the authors reported that 

experienced players fixated on the area between the knees and the shoulders 33.20 % of 

the time while the less experienced group fixated 15.70 % of the time. However, these 

results were not the duration of a single F/T gaze rather they were the accumulated time 

to a specific location. 

Fixation Duration in Open and Closed Skills 

Motor skills have been classified as open or closed, based on anecdotal or other 

non-scientific criteria. No objective evidence has heretofore been presented under this 

classification. 

Studies investigating the perceptual-motor interaction of athletes in closed sport 

tasks have found that a significantly longer F/T gaze successfully differentiated a higher 

skill and/or outcome (Vickers, 1996a; 1996b; Frehlich, 1998; Frehlich et al., 1999; 

Janelle et al. 2001; Harle, & Vickers, 2001). Specifically, a longer Q E duration was 

found to be beneficial in closed skills. Why is a short F/T-5 gaze duration more of a 

benefit in open tactical sport? The reason may lie in the inherent differences in the 

regulation of the gaze and temporal pressure in open and closed skills. 

In closed skills, previous research investigating the visual-motor control of 

athletes in a basketball free throw found that highly skilled athletes orient their gaze 



66 

sooner and maintained vision longer on target than non-experts (Ripoll , Bard, & Paillard, 

1986). Examining this issue further, Vickers (1996a) found that expertise in a free throw 

was dependent upon an early temporal control of the Q E period relative to M T . During 

the preparation phase of the free throw, experts exhibited an earlier Q E onset and a 

significantly longer Q E duration as the last F/T prior to M T , which precipitated an early 

structuring of movement commands associated with the task. Harle & Vickers (2001) 

investigated the temporal control of the Q E period in a basketball free throw and found 

that the timely coordination of Q E relative to the onset of the shooting action was 

associated with success during a basketball free throw. According to the authors, during 

the longer Q E period "fixation is maintained on the hoop prior to the shot, leaving only 

one degree of freedom to be controlled as the shot is performed, that of the hands/ball" 

(p. 304). 

Temporal pressure, in the basketball studies, existed in the form of the regulation 

of the degrees of freedom associated with an efficient movement. This result supports the 

notion that as skill level increases, the degrees of freedom is reduced to lower and more 

manageable levels (Bernstein, 1967). Expert free throw shooters optimally organized 

movement parameters associated with the task as evident by an early onset and longer 

duration of Q E . The inability of near-expert shooters to employ Q E resulted in a failure 

to manage and organize the degrees of freedom and movement parameters associated 

with the task (Vickers, 1996a; Harle & Vickers, 2001). Thus resulting in a higher load of 

temporal pressure. 

In open sports, skill or outcome based differences mainly occur when the task 

reaches critical levels of temporal pressure, uncertainty, and forced choice (Ripoll , 1991). 
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This suggests that athletes regulate multiple forms of temporal pressure, and complete 

efficient movement responses, differently. The regulation of gaze under these conditions 

was investigated in an open skill volleyball serve and reception task (Vickers & Adolphe, 

1997). In this task, athletes were required to visually track and locate a 45-60 kph serve, 

determine its flight characteristics, and implement a final movement in approximately 

1400 ms. It was determined that E receivers had an early onset of Q E with a mean Q E 

duration of 432 ms. The E 's Q E facilitated M T initiation, which was more decisive and 

accurate than the N E . The complete absence of a Q E period by the N E resulted in a 

greater number of steps in the wrong direction, more corrective steps, the reception of the 

ball at more difficult locations and less accuracy. 

The regulation of temporal pressure and uncertainty in the volleyball serve was 

reflected by the E ' s earlier occurring temporal control of the Q E period, in which relative 

predictive information of the ball was obtained. The N E ' s inability to regulate their gaze 

suggests that vision is needed early in the skill rather than late to organize the motor 

programs underlying far aiming accuracy. The pressured conditions of the volleyball 

serve separated E and N E on their ability to selectively attend an early critical 

information source, selectively interpret the correct diagnoses, and selectively determine 

the correct plan of action from multiple possibilities (Vickers & Adolphe, 1997). By 

doing so, the E 's exhibited qualities similar to higher skilled athletes in the basketball 

free throw studies where an effective management of the degrees of freedom permitted a 

skillful production of efficient movement. 

In open tactical sport, highly structured cues in well-defined sport specific 

patterns must be detected in a rapidly changing environment (Bard & Fleury, 1980; 
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Starkes, 1987). Expert athletes repeatedly seem to recognize meaningful cues, anticipate 

the opponent's intentions, and initiate an appropriate response under conditions of severe 

temporal pressure (Singer, 2000). In sports like ice hockey and soccer, the regulation of 

multiple forms of temporal pressure is coupled with higher uncertainty as the opposing 

team could initiate varying movement patterns at any time to alter the outcome. The 

diametrically opposed effects of uncertainty and temporal pressure results in a balance 

between allocated time and required time which forces the athlete to fix the criterion of 

the decision event on a speed accuracy trade-off (Ripoll , 1991). 

In the current study, the criterion of this tradeoff was evident in the temporal 

control of the F/T-5 gaze duration. The high uncertainty and temporal pressure 

interaction for E in Plus and Minus outcomes was lower than the resulting tradeoff which 

occurred for N E in Plus and Minus outcomes. A s a result of the E ' s quicker F/T-5 gaze 

duration during Plus trials, the value of the information contained during this gaze was 

understood and/or processed in a more efficient manner than E in Minus trials and N E in 

Plus trials. The N E in Plus trials needed more time to see similar information to be 

successful than in Minus trials. If the N E did not achieve a minimum F/T gaze duration, 

failure was apparent, as critical information was not obtained. Why was a shorter 

duration of F/T-5 critical for success? 

The E's lower temporal duration of a F/T-5 period to selective attended locations 

suggests that E needed less time than the N E to interpret information related to reducing 

the degrees of freedom associated with the task. Presumably, the lower F/T-5 gaze 

duration by the E in Plus trials permitted a selective management of attention and 

processing skills that was quicker and more efficient than the N E in Plus trials. This 
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suggests that the E sees what is more efficient, is more selective, more rapid, and tied to a 

specific procedure or outcome. The N E , on the other hand, required more time to 

interpret the action, which may have been less proceduralized (Heslen & Pauwels, 1992). 

This failure to see, organize, and manage the degrees of freedom associated with the 

movement parameters in the task was evident by a longer F/T-5 duration. 

Decision-Making Phase 

In the D M phase, a low frequency of gaze ( M = 2.01) was found in a duration of 

706.02 ms. This suggests that the action-dominated nature of the phase predicated a 

lower frequency of gaze and a phase short in duration. The final definitive movement 

was the resulting decision based on the situational characteristics presented in the S A 

phase of the defensive zone task. N o analysis was conducted on the differences in type 

gaze during the D M phase. The mean duration of F / T - l gaze for the E ( M = 50.58 %). 

N E ( M = 58.12%), Plus ( M = 54.83 %) and Minus ( M = 54.44 %) trials were of similar 

duration. 

Quiet Eye as an Indicator of Decision-Making in Ice Hockey 

In previous studies investigating the perceptual-motor interaction in the V I A 

paradigm, Q E was defined as the final F/T prior to M T . During this final F/T gaze, a 

longer Q E duration was indicative of a higher skill and/or success. In the current study, 

no significant differences were observed for skill and/or outcome as the last F/T prior to 

M T thereby showing that critical information required by both E and N E to perform well 

must be derived early in the event. The results showed that an earlier occurring 

significant F/T-5 gaze duration differentiated skill and/or outcome. This suggests that the 

critical F /T gaze in an open tactical skil l is located earlier in the event, which was similar 
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to those results found in volleyball (Vickers & Adolphe, 1997) and in table tennis 

(Rodrigues, 1999; Rodrigues, Vickers, & Will iams, in press). However, these results 

differed in that a characteristic of higher skil l and/or success was a shorter duration of 

F/T-5. Given the novel nature of this study, in that it was the first to study the perception-

action relationship in an open sport setting, the shorter F/T-5 period may be a tentative 

indicator of Q E and decision-making in open skills. Further research and replication wi l l 

be needed to confirm this finding. 

If supported by future investigations, these results may also indicate that the 

notion of read and react, as used widely in ice hockey may be interpreted wrong. Recall 

that the concept of 'read and react' is referred to as the ability of the athlete to observe 

the tactical environment, anticipate changes, and execute an immediate decision (King, 

1990). The term read and react suggests that an immediate and close coupling exists 

between what is perceived and critical skating behaviours. In the current study, in the S A 

phase, F / T - l rather than F/T-5 would represent this close temporal coupling. The 

significant nature F/T-5 revealed that the players read the developing pattern much earlier 

than previously described, in a Q E period that was almost three seconds prior to the 

definitive movement leading to the D M phase. Further, in the current study it was noted 

that a high level of context specific game intelligence was needed to organize and reduce 

the degrees of freedom associated with a particular outcome. This was evident by the E ' s 

shorter F/T-5 duration during Plus plays than the in Minus outcomes. For the N E , the 

longer duration of F/T-5 gaze was indicative of higher success. This suggests that when 

the N E maintained their gaze on the F/T-5 for an extended period, the relevant cues 

became recognized, degrees of freedom managed, and the action implemented. A s a 
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result, the term 'read and react', which denotes an immediate reaction, may be better 

described by the term 'read, recognize, organize and act', which denotes the importance 

of selectively controlling the gaze on appropriate advance cues, determining the 

relevance of each, organizing and implementing the resulting decision. 

Gaze Characteristics and Decision Making Models 

To what extent are the gaze characteristics of E and N E athletes in the current 

study supportive of the Situational Probability (SP) (Williams et al., 1994) and/or 

Recognition Primed (RPD) (Klein, 1998) models of decision-making? Recall that in SP 

models of decision-making in sport, athletes are faced with a choice reaction time task, 

which requires the rapid estimation of probabilities on several possible decisions. In 

R P D models, decision-makers do not compare probability outcomes deduced from a set 

of heuristics, rather, the individual recognizes a situation as typical or novel by 

identifying the critical cues that are inherent within the setting. The two defensive plays 

used in this study were basic defensive situation that an expert player should take little 

time to recognize. Given this basic difference, the results tentatively show that E 

athlete's gaze behavior was more reflective of R P D models of decision-making, while the 

N E was more similar to SP models. 

In discussing decision-making in tactical sport, Will iams et al., (1999) said that 

"even though there is a paucity of research purporting to investigate the importance of 

subjective probabilities in sport, the evidence which does exist clearly suggests that 

players make use of these probabilities to guide perceptions" (p. 120). From the results of 

the current study, this statement must be interpreted with caution, as conclusive evidence 

for the employment of a SP model of decision-making was not apparent. Two lines of 
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evidence are presented from the current investigation, which show that the E athlete was 

more reflective of the characteristics of R P D decision-making, while the N E ' s gaze 

behaviour was more characteristic of SP models. 

First, according to the R P D theory of decision-making, the perceptual-cognitive 

aspects of higher expertise in a tactical domain like ice hockey is reflected by a tight 

coupling between perception and action (Charness, 1981). In this perception-dominated 

theory, experts are more efficient in recognizing familiar critical cues and implementing 

the most appropriate action (Klein, 1997). This is supported by a study by Calderwood et 

al., (1988) in which the chess playing ability of Masters and journeyman were tested 

under regulation time (150 seconds per move) and blitz conditions (approximately 6 

seconds per move). For difficult moves the masters showed no performance decline due 

to time pressure, while the journeyman's decision-making quality sharply decreased. 

This study showed that a quick perception-action link was an important aspect of expert 

chess performance as Masters could determine the typicality of a situation and implement 

an appropriate movement response more efficiently than journeyman (Klein, 1997). The 

R P D paradigm has found that an expert's superior domain specific knowledge base 

permits a decision-making process that is fast, efficient, effortless, and with little or no 

cognitive effort. Accordingly, 



73 

The ability to judge typicality enables experts to perform more effectively and 

efficiently than journeyman. By quickly seeing which goals are feasible, experts 

can direct their actions and not waste any effort. By recognizing which cues are 

relevant, experts can avoid information overload. By anticipating what events to 

expect, experts can rapidly notice i f they have misperceived a situation. A n d by 

recognizing a typical course of action, experts can respond rapidly. This type of 

recognitional decision-making enables experts to handle complex cases under 

time-pressured conditions where analytical methods would not be possible. 

(p.211). 

Given the available evidence on Q E in closed and open sports, the tighter 

perception-action coupling under typical conditions irrespective of time pressure and 

uncertainty, a shorter Q E duration in ice hockey would resemble characteristics of the 

R P D mode of decision-making, while a longer Q E duration would resemble 

characteristics of the SP mode of decision-making. In the current study, three findings 

support the idea that E 's gaze was supportive of the R P D theory: the E had a significantly 

lower F/T-5 gaze duration than the N E , the E had a significantly lower F/T-5 gaze 

duration in Plus outcomes than the N E in the Plus Outcomes, and the E had a lower F/T-5 

gaze duration to the common areas of Puck and O-D Combo than the N E in Plus 

outcomes. 

The combination of these results suggests that E players were more adept at 

recognizing the known perceptual features within the tactical environment. Thus, in the 

current study, the shorter F/T-5 duration of E athletes in Plus outcomes resembles the 

R P D mode of decision-making as key features within the perceptual display were used to 
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prime the resulting decision and subsequent action. Simply put, the E read the evolving 

typical play information, recognized the opportunity to act, extracted an appropriate 

option from memory, and implemented the action accordingly. 

The N E ' s significantly longer F/T-5 gaze duration in Plus outcomes, suggests that 

these athletes' gaze was more reflective of SP models of decision-making. Studies show 

that non-experts often use more of an analytical approach to try and select an 'optimal' 

choice (Orasanu & Connolly, 1993). This is often due to an experience base which is less 

robust and lacks the ability to quickly link a perceived typical events to an obvious action 

(Klein, 1993). The longer F/T-5 duration of the N E in Plus outcomes may reflect their 

inability to recognize and process key perceptual features, or the possibility of employing 

a more analytical strategy in order to determine the optimal solution. By taking more 

time to read the evolving opportunity at F/T-5, the N E may be more susceptible to the 

uncertainty and temporal pressure inherent within the defensive tactical situation. 

The findings reported in this study should be consider tentative due to the low 

number of players and situations tested, the novel nature of the methodology used, and 

the need for future research in more open tactical sport settings. 

Limitations and Recommendations for Future Studies 

The investigation of the perceptual-motor aspects of expertise in a live tactical 

setting sport has not previously been investigated. A s a result several limitations may 

have been apparent which could have affected the experiment. These limiting factors 

should be considered when conducting future investigations of the perceptual-motor 

aspects of tactical expertise. 
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First, the sample size in future studies should be expanded to include a more 

comprehensive sample of expertise in defensive tactical situations. Given the difficulty 

of access to expert and near-expert level athletes in ice hockey, it would be recommended 

to increase the sample to include subjects from differing National level teams over a 

period of time. The more comprehensive data set would assist in determining other 

factors such as the location of the gaze during significant F/T gaze, search rate patterns, 

and temporal location of Q E . 

Secondly, while no major difficulties were apparent in adopting the V I A system 

for ice hockey, in several trials a decrease in mobility was apparent due to the attachment 

of the subject by an external cable to the V I A system. These trials were deemed 

unacceptable, as the subject could not perform in an unrestricted ecologically valid 

environment. Future studies should attempt at investigating the perceptual-motor aspects 

of expertise in a cable free environment. 

Third, the inability to obtain an objective universal rating from the Canadian 

Hockey Association suggests the need for the creation of an objective statistic for playing 

defense. In past studies, such as in the basketball free throw (Vickers, 1996), game 

performance statistics were available to classify athletes into pertinent groups. Likewise, 

this problem should not be an issue in future studies investigating offensive 

characteristics in a tactical sport due to access of game performance statistics. However, 

in the current study, expert and near-expert group membership was determined by team 

membership on National teams, plus/minus criteria, and the selection of coaches. In 

future studies, this newly created objective statistic should be used to further clarify the 

division between groups. 



76 

Appendix A 



77 

T H E UNIVERSITY O F 

CALGARY 
Faculty of KINESIOLOGY 

NeuroMotor Psychology Laboratory 

Research Project Title: Quiet eye as an indicator of decision-making in ice hockey 

Investigator(s): Stephen Martell, Dr. J . N.Vickers (Supervisor) 

Sponsor(s): National Coaching Institute-Calgary, 

This consent form, a copy of which has been given to you, is only part of the process 
of informed consent. It should give you the basic idea of what the research is about 
and what your participation will involve. If you would like more detail about 
something mentioned here, or information not included here, you should feel free to 
ask. Please take the time to read this carefully and to understand any 
accompanying information. 

1. Purpose of the research. 
This research has two purposes. The first is to determine i f during set hockey plays, the 
decisions of'expert ' and 'non-expert' hockey players are different, and i f these differences 
are related to how they watch the play developing. The second is to determine i f the 'gaze-
behavior' and decisions are consistent with one of two models of decision making 
(recognition primed or situational probability). 

2. Description of all experimental measurements and procedures. If special procedures 
are required, these must be spelled out here. 
Y o u are being asked to skate in an on-ice defensive play similar to a play that may arise 
during a real game. Y o u wi l l be the defensive player. Your actions and gaze wi l l be 
assessed during 3 separate phases. A s the defensive player, in phase 1, how you identify a 
developing offensive play pattern including the play moving through the neutral zone, and 
your initial defensive reaction wi l l be assessed. In phase 2, as the play develops, again 
how you watch the play and react w i l l be assessed. Finally, in phase 3, the final execution 
of the play, and your ability to stop the offensive player w i l l be examined. The 
assessments wi l l be performed in 3 ways: 1) you wi l l wear a camera attached to a helmet 
which follows your line of sight and eye movements, 2) the play wi l l be videotaped so that 
your eye movements w i l l be compared to how the play is developing, and 3) your 
execution during the play wi l l be assessed by a hockey coach, and one of the investigators. 
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3. Explanation of the research design. 
Your participation is voluntary. Y o u should feel no coercion in participating, and you 
should feel free to refuse to participate without harm or penalty. A t no time wi l l individual 
data be made available to coaches or others within hockey for purposes of team selection or 
any other factor related to the participant's career in ice hockey. A l l participants wi l l be 
given a visual screening prior to testing using the Optec 2000 which measures basic visual 
characteristics. Participants w i l l be required to complete on-ice defensive plays while the 
Vis ion- in Action System (Vickers, 1996), which records the physical movements and 
ocular characteristics of the participants simultaneously. 

4. Description of the likelihood of any discomforts and inconveniences associated with 
participation, and of known or suspected short- and long-term risks. 
The defensive play is similar to many drills used in hockey. The eye camera is mounted to 
a C S A approved helmet. No known discomfort has been associated with the device. The 
experiment does not require the puck to be lifted, nor is there any checking or physical 
contact required among the participants. 

5. Description of participation of the research subject (regular routines, nature of tests 
and procedures, etc.) 
The study wi l l examine the differences in gaze behaviour and motor characteristics during 
two defensive plays. The participant wi l l be asked to perform a number of trials as they do 
in games, while wearing the A S L 501 eye tracker. Each trial w i l l last approximately 6-10 
seconds. The total time commitment for each participant is 50 minutes. 

6. Probability and nature of direct and indirect benefits to the subjects themselves and 
to others. 
There wi l l be no payment for participating. Upon request, participants and the coaching 
staff wi l l receive a report of the group results. Individual participant information wil l not be 
released to the coaching staff. The overall results may be of benefit to the development of a 
coaching theory and practice in ice hockey. 

7. Explanation of who will ha\e access to information collected and to the identity of the 
subject, including a description of how confidentiality will be protected. 
Your anonymity wi l l be protected. Data wi l l be made available only to the investigative 
team. A subject number wi l l be assigned and the name wi l l never be reported in 
conjunction with the data. The data wi l l be stored in the principal investigator's office. The 
data wi l l be stored for only period of time necessary for peer reviewed publication, not to 
exceed seven years. 
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8. Explanation if subjects will receive new and updated information during the course of 
the research. 
Participants w i l l receive a detailed report of their results and group results upon request at 
the conclusion of the study. 

9. Description of any financial costs that the subject may incur as a condition of or 
because of participation in the research. 
N o financial costs wi l l be incurred by the participants. 

10. In the event that you suffer injury as a result of participating in this research "no 
compensation (or treatment) will be provided for you by, the sponsor (National 
Coaching Institute-Calgary), the University of Calgary (NeuroMotor Psychology 
Laboratory-Faculty of Kinesiology), and/or the investigators (Stephen Martell and/or 
Dr. J . N. Vickers). You still have all your legal rights. Nothing said here about 
treatment or compensation in any way alters your right to recover damages. 

Your signature on this form indicates that you have understood to your satisfaction 
the information regarding participation in the research project and agree to 
participate as a subject. In no way does this waive your legal rights nor release the 
investigators, sponsors, or involved institutions from their legal and professional 
responsibilities. You are free to withdraw from the study at any time without 
jeopardizing your health care. Your continued participation should be as informed as 
your initial consent, so you should feel free to ask for clarification or new information 
throughout your participation. If you have further questions concerning matters 
related to this research, please contact: 

Dr. J. N . Vickers (Supervisor) 403-220-3420 

If you have any questions concerning your rights as a possible participant in this research, 
please contact the Office of the Office of Medical Bioethics, Faculty of Medicine, 
University of Calgary, at 220-7990 or Pat Evans, Associate Director, Internal Awards, 
Research Services, University of Calgary, at 220-3782. 
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Participant's Signature Date 

Investigator and/or Delegate's Signature Date 

Witness' Signature Date 

A copy of this consent form has been given to you to keep for your records and 
reference. 
Revised 2000. 
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