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ABSTRACT

Recent literature on “choking under pressure” has focused on how pressure situations

alter the deployment of cognitive resources – either by drawing attention towards execution, or

by drawing attention away. Based on this insight, research has provided evidence that the use of

secondary tasks designed to draw attention away from skill execution can be beneficial to

performance under pressure. However, the types of secondary tasks employed to control

attentional focus in previous studies have rarely been applicable in a real world sports

environment. As a result, the present study bridged the gap between theory and practice by

examining a practical golf relevant secondary task to prevent pressure induced performance

failure. The study examined skilled (n = 20) and novice (n = 24) golfers on a putting task under

high- and low-pressure, while carrying out two types of concurrent secondary tasks: a traditional

secondary task consisting of random letter generation, and a sport-relevant task consisting of

monitoring club head – ball impact. Putting performance was measured via both outcome and

process-oriented approaches. Results revealed that both the non-relevant and sport-relevant

secondary task prevented choking under pressure in skilled golfers, but also increased motion

variability. Novice outcome performance was unaffected by the secondary task constraints, but

exhibited lower kinematic variability under secondary task conditions. The study clarifies the

underlying mechanisms that determine skill superiority under conditions that vary in attentional

demands, while also shedding light on the relationship between attention and kinematic

variability.
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CHAPTER 1

INTRODUCTION

 “If athletes could think any way they wanted and still play their best game, winning

would be determined by skill and effort alone” (Valiante & Stachura, 2005, p. 122).

Unfortunately, however, this is not always the case, as an athlete’s mindset can have important

implications on performance. Oftentimes under situations of increased stress and pressure,

athletes have marked decreases in performance (Lewis & Linder, 1997).  Paradoxically, when

incentives for optimal performance are high, an increased chance of sub-optimal performance

becomes more prevalent (Beilock & Gray, 2007; Lewis & Linder, 1997). A golfer may miss a

short putt to win a tournament, or a basketball player may miss a game winning free-throw with

a few seconds left in the game. In these instances, the athletes fail to perform a routine task that

they normally complete with consistency and ease during practice.

 For example, PGA Tour Professional, Scott Hoch, missed a two-foot putt during the 1989

Masters to win one of the most sought after titles in the game of golf. This is a putt that

professionals routinely make without difficulty under normal circumstances. In fact, PGA

professionals make putts 2 feet and under in length roughly 97% of the time (Pelz & Frank,

2000). This phenomenon of suboptimal performance during situations where incentives to

perform are high is commonly referred to as “choking under pressure” (Beilock & Carr, 2001;

Lewis & Linder, 1997; Masters, 1992). Choking under pressure is differentiated from mere

random fluctuations of performance in that choking occurs in response to stress and performance

pressure (Beilock & Gray, 2007). As a result, stress and pressure lay at the heart of the choking

phenomenon.

Due to Scott Hoch’s missed putt at the Masters, he was labeled with the unfortunate

moniker of “Scott Hoch…As in Choke” (Reilly, 2000). Choking under pressure is a devastating

phenomenon for many athletes, and sports history is full of famous chokes. Choking has the

power to ruin careers and keep other careers from ever getting started.
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 One career famously tainted by the throes of choking was that of MLB player Bill

Buckner. During the 1986 World Series, Buckner, a member of the Boston Red Sox enjoyed a 3-

2 lead in a best of 7 series against the New York Mets. Tied in the bottom of the tenth inning, a

ground ball was hit towards Buckner at first base. The seemingly routine ground ball rolled

through Buckner’s legs and into the outfield, allowing the winning run to score. The Boston Red

Sox would eventually go on to lose the final game of the World Series, but Buckner was

criticized as having blown the championship. After his career, he moved his family away from

Boston in an attempt to escape the harsh criticisms received for missing the ball (“Bill Buckner,”

2006).

While Buckner’s career was forever tainted by this incident, the career of professional

golfer Jean Van de Velde was stinted by his famous collapse during the 1999 British Open.

Enjoying a 3 shot lead going into the final hole of the tournament, Van de Velde did the

unimaginable and walked away with a triple bogey forcing a three way playoff, which he would

go on to eventually lose. Since Van de Velde’s unfolding at the British Open, he has had little

impact on the golfing world (Harig, 1999).

 The affects of pressure on performance have also been observed during the Baseball

World Series and National Basketball Association (NBA) Finals. Using archival data,

Baumeister and Steinhilber (1984) examined performance during these championships.

Interestingly, the authors reported a home team disadvantage for championship deciding games.

The authors postulated that playing in front of the home crowd might increase pressure to

perform for the home team. As a result, the home team often performed worse.

So why is it that athletes sometimes falter under pressure and stress? Recent research has

led some to suggest that paradoxical performance/choking may be caused by pressure induced

inward attentional focus, which disrupts automaticity and leads to decreases in performance.

However, promising results have been shown in the use of attentional strategies to prevent this

disruption, thus facilitating performance and ameliorating the effects of choking (e.g. Lewis &

Linder, 1997). Unfortunately, the methods and strategies used in these studies have rarely been

of the sort that athletes could apply outside the laboratory. Thus, there is a need for more realistic

and relevant strategies to facilitate automaticity under pressure in an applied setting (Lewis &

Linder, 1997; Mullen, Hardy, & Tattersdal, 2005). Therefore, in an attempt to bridge the gap
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between theory and practice, the viability of facilitating automaticity using a practical sport-

relevant attentional strategy was examined.

 The ramifications from a study of this nature could prove beneficial to the world of

competitive sports. If an effective intervention to inoculate the debilitative effects of

performance pressure can be found, then a greater likelihood exists that an athlete’s true

capability will emerge during competitive situations. It is of primary concern for the majority of

sport psychologist to help athletes play their best (Williams & Straub, 2001), and this research is

intended to be a step in that direction.
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CHAPTER 2

LITERATURE REVIEW

 In order to grasp the underlying mechanisms of an intervention to inoculate choking, an

understanding of the research that has laid the foundation for such theories must be reviewed.

Therefore, the purpose of this literature review is to outline the past research that lays the

foundation for a paradoxical performance intervention to be built. The foundation for this

understanding starts with the cognitive processes behind skill acquisition.

Skill Acquisition Theory

 As athletes transition from novice to more advanced levels, they go through different

phases of motor skill acquisition (Fischman & Oxendine, 2001). Each phase of learning is

characterized by differences in both cognitive control structures and performance quality

(Beilock, Wierenga, & Carr, 2002). Fitts and Posner’s (1967) theory of skill acquisition

postulates a three-phase process: an early or cognitive phase, an associative phase, and an

autonomous phase (Fischman & Oxendine, 2001). However, it should be noted that the three

phases exist on a continuum rather than as discrete stages.

The Early or Cognitive Phase. In the Early or Cognitive Phase of skill acquisition,

beginners are concerned with the “understanding” of the task and movements. Typically, an

instructor demonstrates the skill and provides declarative knowledge to the beginner (Masters,

1992). During this phase, the skill is dependent on unintegrated task control structures held in

working memory and attended to in step-by-step fashion. Thus, novices must commit large

resources of attention and working memory to the details of movement (Beilock et al., 2002;

Fischman & Oxendine, 2001; Gray, 2004). Beginners in golf, for example, must consciously pay

attention to their swing mechanics in order to attempt the desired outcome. As a result, attention

is given to consciously processing the motor task, which hinders beginners from devoting

attention to other relevant aspects of the environment such as strategies or on-field movement of

players (Fischman & Oxendine, 2001). These cognitive and attentional requirements resulting
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from controlled processing are characterized by slow, attention demanding, serial, and error

prone movement that is typical of novice performance (Beilock et al., 2002; Beilock, Bertenthal,

McCoy, & Carr, 2004; Gray, 2004; Lidor, Reeves, & Tenenbaum, in review; Schmidt & Lee,

1999; Schneider & Shiffrin, 1977). The completion of this learning phase occurs when the

novice can reasonably demonstrate the skill (Christina & Corcos, 1988).

The Associative Phase. During the second stage or Associative Phase, novices gradually

begin to eliminate unwanted movements through trial and error learning (Fischman & Oxendine,

2001; Singer, Lidor, & Cauraugh, 1993). Speed, accuracy, and consistency begin to show signs

of improvement as skill progresses. Also, during this time, the unintegrated task control

structures of the cognitive phase begins to become more integrated requiring less attention to the

physical execution of the movements. The first formation of proprioceptive control or “feel”

begins to emerge. Generally, this phase is associated with practice and the further improvement

of motor skill. The end of this phase is considered to be the point of mastery (Fischman &

Oxendine, 2001).

The Autonomous Phase. As mastery develops through practice, the once laborious and

attention-demanding task becomes quick and effortless placing less demand on attentional

capacities. In short, during the autonomous phase of skill acquisition, the task can be said to

become automatic (Fitts & Posner, 1967; Kimble & Perlmuter, 1970; Logan, 1988). The

controlled processing of the previous stages is replaced by automatic and procedural processing

requiring less attention to the step-by-step details of movement.

Automatic processing is qualitatively different from controlled processing in that it is

fast, smooth, efficient, and relatively attention free (Beilock, et al., 2002; Brown & Carr, 1989;

Fischman & Oxendine, 2001; Fitts & Posner, 1967; Gray, 2004; Kimble & Perlmuter, 1970;

Logan, 1988; Langer & Imber, 1979; Schmidt & Lee, 2005). The resulting “liberation of

attention” as referred to by William James (1890/1950), allows attention to be deployed to other

tasks rather than to actively controlling the execution of the movement. In fact, asking experts to

focus attention on the details of movement will negatively impact their performance (Beilock &

Carr, 2001; Beilock et al., 2002; Beilock et al., 2004; Beilock & Gray, 2007; Kimble &

Perlmuter, 1970). An experienced golfer who turns attention to the mechanics of his/her golf

swing may find it difficult to reproduce his/her normal motion (Fitts & Posner, 1967). It is with

automatic processing of movement where the greatest levels of proficiency and performance are
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achieved. Attaining this state of automaticity is the goal for any dedicated athlete (Singer, Lidor,

& Cauraugh, 1993).

 In summary, Fitts and Posner’s (1967) theory of skill acquisition states that the beginning

of motor skill learning starts with declarative, slow, and attention demanding cognitive

processes, and ends with procedural knowledge allowing for fast, efficient, and attention free

automatic processing. However, under situations of stress and pressure, expert athletes

commonly fail at tasks assumed to be automated. Using the guidelines set forth by skill

acquisition theory, attentional theories attempt to account for these performance failures in

expert athletes. Therefore, focus will now be given to attentional theories that attempt to explain

choking under pressure.

Attentional Theories

 Perhaps the best chance for understanding the cognitive processes underlying the

phenomenon of choking lies in attentional theories (Baumeister & Showers, 1986; Lewis &

Linder, 1997). Attentional theories seek to explain performance based on how pressure situations

alter the deployment of cognitive resources. These theories are based on the assumption that

successful performance is dependent on attending to certain relevant information, while ignoring

others (Beilock & Gray, 2007; Lewis & Linder, 1997). There are two main attentional theories

that attempt to explain this process. Distraction Theory is based on the idea that performance

pressure diverts attention from relevant task information, which results in poor performance

(Lewis & Linder, 1997). Explicit Monitoring Theory, on the other hand, states that performance

pressure shifts attention inward causing self-focus, which inhibits automaticity resulting in a

decrease in performance. Each of these theories is discussed in turn.

Distraction Theory. Distraction Theory proposes that choking under pressure results from

a distracting environment shifting attention to task-irrelevant information. The theory is based

upon resource allocation models of information processing (Hardy, Mullens, & Jones, 1996).

Pressure situations compromise attentional capacity and working memory with task-irrelevant

thoughts such as worries and outcomes (Beilock & Carr, 2001; Beilock & Gray, 2007; Gray,

2004). As specified by resource allocation models of information processing, attention and

working memory are both believed to be limited in capacity. This limited capacity affects the

ability to handle information from the environment and task (Schmidt & Lee, 1999). If

attentional capacity becomes divided between task relevant information and non-relevant
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information, then the two may compete for limited working memory resulting in a decrease in

performance. The consumption of attention by the irrelevant information does not leave adequate

processing capacity to optimally perform the primary task. Therefore, choking under pressure

according to the distraction theory, results from attentional resources being compromised by task

irrelevant information (Hardy, Mullens, & Jones, 1996).

 The most promising support for this theory has come from research involving test anxiety

(Beilock & Gray, 2007). Wine (1971) investigated the impact of anxiety on test outcomes.

Results revealed that highly test anxious individuals divide their attention between task relevant

and irrelevant thoughts. Low-anxious individuals, however, were found to be focused more

solely on the task at hand. As a result, the test takers who were less anxious, performed better

than the highly test anxious individuals. Wine concluded that since difficult tasks require full

attention, highly anxious individuals who divide attention between task irrelevant and task

relevant cues compromise their working memory capacity. This compromise in capacity thus

leads to decreases in performance.

 Further support for the notion that pressure and anxiety lead to an increase in task

irrelevant thoughts comes from the work of Ganzer (1968). While studying the effects of test

anxiety on learning, Ganzer recorded all the task-irrelevant comments made by the participants

during a learning task. Results indicated “High TAS (Test Anxiety Scale) scorers, especially in

the observed condition, emitted significantly more of these irrelevant responses than any other

group” (p. 197). These results support the idea that pressure and anxiety does in fact increase

task irrelevant thoughts.

 In another study, Deffenbacher (1978) investigated the performance on an anagram task

in high and low scorers on the Test Anxiety Scale under evaluative and non-evaluative

conditions. In accordance with the distraction theory, the high-anxiety high-stress group reported

greater distractions of attention as a result of emotionality and worry. Results further revealed

that the high-anxiety group estimated spending less time focused on the task at hand (60%) than

the low-anxiety group (80%). Finally, the performance of the high-anxiety group resulted in

fewer solved anagrams compared with the low-anxiety group, which was assumed to be caused

by the compromises to working memory brought on by the task-irrelevant thoughts.

 A similar study by Nottelman and Hill (1977) compared performance and off-task

behaviors in children who scored low, middle, and high on the Test Anxiety Scale for Children
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(TASC). Based on their TASC score, the children were assigned to one of these three conditions

and asked to complete an anagram task. The results indicated that high-anxious children

performed the lowest on the anagram task while also producing substantially more off-task

glances than the low-anxious group. The off-task glancing exhibited by the high-anxious

children was deemed to reflect the amount of task-irrelevant thoughts experienced during

completion of the anagram task. Consequently, the associated low performance scores on the

anagram task are believed to be a by-product of compromises to working memory caused by the

substantial amount of task-irrelevant thoughts resulting from pressure and anxiety in the high-

anxiety children.

 While evidence exists supporting the notion that compromises to attention and working

memory cause performance failure, not all tasks require attention and working memory as

pointed out by skill acquisition theories (Fitts & Posner, 1967; Kimble & Perlmuter, 1970;

Schmidt & Lee, 2005). Theories of automaticity suggest that skills comprising of proceduralized

knowledge do not require constant online attention to step-by-step components, and run largely

outside of working memory (Beilock et al., 2002; Fitts & Posner, 1967). In fact, the majority of

motor skills susceptible to choking are thought to be automated and run off of automatic

processing. As a result, these tasks should be largely unaffected by the demands on attention as

would be suggested by the distraction theory (Beilock & Gray, 2007). Therefore, an alternative

attentional theory is needed to account for these limitations.

Explicit Monitoring Theory. The main alternative to the distraction theory states that the

mechanisms underlying choking under pressure result from performance pressure raising self-

consciousness, which leads to an increased focus on the step-by-step processes of movement

(Lewis & Linder, 1997). This shift in attention to the details of movement disrupts the

automaticity of a well-learned skill, resulting in performance breakdown (i.e., choking)

(Baumeister, 1984; Beilock & Gray, 2007; Fitts & Posner, 1967; Reeves, 2005). The foundations

for the explicit monitoring theory are anchored in both self-awareness and skill acquisition

theories (Hardy et al., 1996; Lewis & Linder, 1997). Baumeister (1984) suggested that

performance pressure increases self-focused attention. He defined pressure as “any factor or

combinations of factors that increases the importance of performing well on a particular

occasion” (Baumeister, 1984, p. 610). The suggestion that pressure increases self-consciousness

has been supported by research in the self-awareness literature. (e.g. Fenigstein & Carver; 1978;
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Lewis & Linder, 1997). Situational factors such as audience presence, ego-relevance,

competition, reward contingency, and punishment contingency have been shown to heighten

arousal and increase pressure, thus elevating inward attentional focus (Baumeister & Showers,

1986; Lewis & Linder, 1997). The argument linking pressure to self-focus draws on the idea that

under pressure, the importance of the task becomes more salient. In order to ensure correctness

of execution, more attention is given to monitoring the processes of performance (Baumeister,

1984; Lewis & Linder, 1997).

 Gray (2004) provided direct support for this assumption using Division I Intercollegiate

baseball players. The players were asked to perform a hitting task, while simultaneously

performing either an extraneous dual task or a skill-focused dual task. The extraneous dual task

consisted of monitoring the frequency of tones presented while performing the primary batting

task. The player’s task was to identify the tone frequency by saying either “high” or “low” as

quickly as possible after the tone was presented. The skill-focused dual task, on the other hand,

consisted of signaling the movement of the bat either “up” or “down” at the instant the tone was

presented. This task is skill focused in that it requires inward focus on the processes of

movement to complete. If the assumption is correct that pressure increases self-focused attention,

then the accuracy of the skill-focused dual task should improve under conditions of pressure as

opposed to low-pressure conditions. The pressure condition should help facilitate the inward

focus improving performance on the skill-focused dual task. Results confirmed this assumption.

Performance on the skill-focused dual task improved dramatically under conditions of high-

pressure relative to low-pressure. However, performance on the extraneous dual task, which was

not dependent on self-focus to complete, was unaffected by pressure, thus giving evidence that

pressure increases self-focus.

The second aspect of the explicit monitoring theory is anchored in the tenets of skill

acquisition theory (Lewis & Linder, 1997). Baumeister (1984) suggested that the increased self-

focus caused by pressure leads to a disruption in the automatic nature of skill execution resulting

in performance breakdown (i.e., choking). Previous findings have noted that an increase in self-

focus and attention to the details of movement of a well-learned skill may lead to impaired

performance (Beilock & Carr, 2001; Beilock et al., 2002; Beilock et al., 2004; Kimble &

Perlmuter, 1970; Langer & Imber, 1979). Kimble and Perlmuter (1970) found that once a skill

has become well learned, consciously attending to it disrupts its performance and inhibits its
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occurrence. Baumeister (1984) tested the influence of self-consciousness by suggesting that if

self-consciousness is harmful to performance, then in situations of low-pressure, persons who are

habitually high in self-consciousness should perform worse than those who are habitually low in

self-consciousness. However, under pressure conditions, persons who are habitually high in self-

consciousness should be more accustomed to performing while self-conscious, thus

outperforming individuals habitually low in self-consciousness. Baumeister’s results confirmed

these assumptions supporting the link between inward attentional focus and performance.

 The specific mechanism underlying this breakdown of automaticity is offered by

Masters’ (1992) Reinvestment Hypothesis. Masters hypothesized that under stress, increased self-

focus causes expert performers to reinvest declarative or explicit knowledge learned during

earlier stages of skill acquisition (Gray, 2004; Mullens, Hardy, & Tattersal, 2005). This

reinvestment of explicit knowledge leads to the “dechunking” of automatic control structures that

normally run uninterrupted. The “dechunking” results in the automatic control structures being

broken down into smaller sequences of independent units, which must be run and activated

separately (Beilock & Carr, 2001). Once the control structure has been broken down, the process

of activating and running each independent unit not only slows the performance, but also

increases the likelihood of errors at each transition between the units (Beilock & Carr, 2001;

Beilock & Gray, 2007).

 Using explicit monitoring theory as a guideline, a number of recent studies were designed

to examine the link between attentional focus and performance (Beilock & Carr, 2001). If

performance pressure causes an increase in self-focused attention, then attentional strategy is an

important factor in choking under pressure (Lidor, Reeves, & Tenenbaum, in review). However,

many of these studies did not use pressure conditions to induce shifts in attentional focus, but

rather employed the use of secondary tasks to direct attention in ways that mimic changes

brought on by pressure (e.g., Beilock et al., 2002; Beilock et al., 2004; Gray, 2004). Secondary

task methods work by having the participant perform two tasks simultaneously – the primary

task or main task of interest for which the effects of attentional focus is sought, and a secondary

task designed to draw attention to or away from the execution of the primary task (Beilock et al.,

2004). Attention is directed via means of secondary task demands. It is through the use of

secondary tasks that attention is controlled in order to mimic the effects of pressure. Numerous
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studies have used secondary task methods to understand the link between attentional focus and

performance based on the principles of the explicit monitoring theory.

 Beilock, Carr, MacMahon, and Starkes (2002) directly manipulated attentional focus

using the dual task method in order to examine the role of attention in expert golf putting. The

study involved experienced golfers performing in a skill-focused condition and external-focused

dual task condition designed to draw attention to or away from the process of performance. In

the skill-focused dual task, participants were instructed to monitor a specific component of the

putting stroke, and say the word “stop” out loud at the cessation of the putting stroke. The

externally focused dual task was designed to draw attention away from the process of skill

execution. It consisted of putting while listening to a series of recorded tones. Specifically, the

participants were instructed to listen for and identify a particular target tone while carrying out

the primary task of putting.

Results indicated that performing under the skill-focused condition was detrimental to

performance, whereas performance under the external-focused condition was unharmed.

According to skill acquisition theories, high-level skill execution is supported by automatic

procedural knowledge that runs largely outside of working memory. As a result, performance

should not be compromised by dual tasks designed to draw attention away from the processes of

skill execution. However, a return to conscious online control of skill execution (i.e. skill-

focused) may be harmful to high-level performance (Baumeister, 1984; Beilock & Carr, 2001;

Lewis & Linder, 1997). These findings indicate that attentional focus directed toward skill

execution is detrimental to performance, and supports the assertions made by the explicit

monitoring theory suggesting that attentional focus is linked to performance and skill-level.

 In a second study by Beilock et al. (2002) the previous results were replicated on a

different sport task while also extending examination of the attentional mechanisms controlling

performance across differing levels of skill proficiency. In accordance with skill acquisition

theories, cognitive control structures underlying task performance are qualitatively different

between novices and experts. Novice task execution is supported by declarative, slow, and

attention demanding controlled processes, whereas expert task execution is supported by

procedural, fast, efficient, and attention free automatic processing (Fitts & Posner, 1967). Based

on the theory of skill acquisition, the impact of attention on performance may differ across skill
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level. Beilock et al. (2002), therefore, sought to investigate the attentional mechanisms

supporting performance across different skill levels.

The impact of attention across skill level was first examined by having novice and

experienced soccer players perform a soccer dribbling task while under either a skill-focused or

distracting dual task. Several predictions about the differences between the attentional

mechanisms of novice and expert performance can be inferred from skill acquisition theories.

First, as has been previously shown, experienced performers do not require constant online

attention to the details of movement, and in fact are harmed by such attentional focus. Therefore,

experienced performers should maintain performance levels while performing a secondary

distracting dual task, while showing performance decrements when prompted to attend to

specific components of skill execution by the means of skill-focused dual tasks. However, novice

performance requires constant online attention to support skill execution. Therefore, a second

prediction based on skill acquisition theories suggests that skill-focused dual tasks will benefit

novices, whereas a distracting dual task will be detrimental to performance.

To test these assumptions, Beilock et al. (2002) assessed soccer dribbling performance of

novice and experienced soccer players under skill-focused and distracting dual task conditions.

The skill-focused condition consisted of individuals dribbling through a slalom course while

listening for a tone to be presented. Once the tone was presented, the participants verbally

indicated whether the inside or the outside of their foot last touched the ball. The distracting dual

task consisted of dribbling through a slalom course while monitoring for a target word to be

played from a tape recorder. Once the target word was spotted, participants were required to

repeat the word out loud. Results confirmed the assumptions based on skill acquisition theories.

Novices performed significantly poorer in the distracting dual task condition, while showing

improved performance under the skill-focused condition relative to a single task control

condition. The opposite pattern of results was found for experienced performers. In line with

earlier studies, experienced performers were hindered under skill-focused conditions relative to

distracting dual task conditions.

 To further confirm this pattern of results, Beilock et al., (2002) required the participants

to perform the same dribbling task while using their non-dominant foot. Beilock et al. stated that

even though experienced players may be skilled using both feet, typically, athletes admit to

having more ability with one foot over the other. The assumption is that if the two feet differ on
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task proficiency, then the attentional mechanisms underlying task performance are likely to be

different. The results indicated that, indeed, a difference existed in the attentional mechanisms

underlying performance between the dominant and non-dominant foot. Using the non-dominant

foot, novices and experts both showed performance improvements in the skill-focused condition,

indicating that the non-dominant foot was not at the same level of skill proficiency as the

dominant one. However, using the dominant foot, experts showed performance decrements when

prompted to focus attention on the execution of the skill. These results further support the

connection between attention and performance as identified by the explicit monitoring theory.

 In a similar study, Beilock, Bertenthal, McCoy, and Carr (2004) differentiated the

attentional control structures governing novice and expert performance on a golf-putting task.

Novice and expert golfers performed a putting task under both a skill-focused and distracting

dual task condition. The skill-focused dual tasked was designed to draw attention towards the

step-by-step components of skill execution, while the distracting dual task was designed to draw

attention away from skill execution. The results complimented the previous body of research

suggesting that performance of novices and experts are governed by different cognitive control

structures, and that task performance is dependent upon proper attentional focus. Novice

performance under a distracting dual task condition was harmed by the demands placed on

attention by the distracting dual task. The novice, who requires dedicated attention to controlling

skill execution, does not have adequate working memory capacity to attend to both the skill

execution and the dual task, thus performance decreases. Experts, however, who do not require

constant online attention, have adequate attentional capacity to meet the demands of the

distracting dual task without performance being compromised. Under the skill-focused dual task,

however, the opposite performance results were seen. Novices who require attention to the

processes of skill execution were benefited by the skill-focused task, which increased inward

attentional focus. The experts, however, showed performance decrements under the skill-focused

condition, when attention was forced to focus on the components of task execution. This finding

mimics pressure’s impact on attention giving way to performance decrements as outlined by the

explicit monitoring theory.

 In a separate experiment, Gray (2004) examined the effects of attending to extraneous

information on a baseball-batting task across levels of expertise. Similar to previous studies,

Gray assessed the impact of an extraneous dual task and a skill-focused dual task on baseball
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batting swing kinematics. He predicted that experts should have adequate attentional resources to

both perform the primary task effectively and the secondary extraneous dual task. Novices, on

the other hand, were not predicted to have adequate attentional capacities to both perform the

primary task and the secondary task, thus suffering performance decreases. Gray also predicted

that attending to skill execution under the skill-focused dual task would degrade performance for

experts, but not novices.

Similar to Gray’s (2004) earlier experiment, he incorporated monitoring tone frequency

as the extraneous dual task. For the skill-focused dual task, participants were instructed to say

whether their bat was moving “up” or “down” at the moment the tone was presented. Consistent

with previous findings, the results suggested significant difference in the attentional mechanisms

governing expert and novice performance. Where experts showed no performance decrements

under the extraneous dual task, novices appeared to lack sufficient attentional resources to

simultaneously perform both the primary task and the extraneous dual task. These findings are in

accordance with skill acquisition theories stating that expert performance runs off control

structures largely outside of working memory, freeing up attentional resources to attend to other

environmental stimuli (Fischman & Oxendine, 2001). Under the skill-focused condition, levels

of expertise had a differential impact on performance. Experts who were required to pay

continuous attention to the step-by-step components of swing execution showed increased

batting errors, while batting performance for novices was unaffected. Again, this is in line with

skill acquisition theories, where early in skill learning, novices require constant online attention

to the processes of skill execution.

 While these studies provide indirect support of the explicit monitoring theory by showing

how manipulations of attentional focus impacts performance, other studies have more directly

assessed the relevance of the explicit monitoring theory through direct manipulation of

performance pressure. According to the explicit monitoring theory, it is the performance pressure

that has the potential to turn focus inward, thus leading to performance failures. Through the use

of pressure manipulations, Lewis and Linder (1997) distinguished between two competing

explanations of paradoxical performance (i.e., choking under pressure) set out by the distraction

theory and the explicit monitoring theory. As mentioned previously, the distraction theory

accounts for choking under pressure through the means of a distracting environment, which

compromises working memory and takes attention away from the task at hand (Beilock & Gray,



15

2007; Wine, 1971). In order to distinguish between the two theories, Lewis and Linder (1997)

proposed a method to increase pressure during a golf-putting task while participants performed

in either a distraction condition or a self-awareness adapted condition. The rationale behind this

method is two-fold. First, if the distraction theory holds true, then adding a distracter while

putting under pressure should have an additive negative effect on performance. However, if the

addition of the distracter does not further impair performance, then it can be inferred that the

distracter prevented the performer from focusing on skill execution, thus facilitating automaticity

in accordance with the explicit monitoring theory. Second, previous research by Baumeister

(1984) suggests that individuals habitually high in self-awareness are less likely to experience

performance decrements under pressure due to being accustomed to performing under high self-

awareness conditions. Therefore, Lewis and Linder proposed a second condition of participants

trained under heightened self-awareness conditions in order to adapt them to situations of

performance pressure, thus inoculating them to the effects of choking. If this assumption holds

true, then support for the explicit monitoring theory can be derived.

 To test these hypotheses, Lewis and Linder (1997) compared golf putting performance

between the distraction condition and the self-awareness condition under levels of high and low-

pressure. The distraction condition consisted of the primary putting task, while simultaneously

counting backwards from 100 by twos, out loud. The adaptation to self-awareness condition was

created by having participants practice while being videotaped from different angles. Further

more, the participants were told that the tapes would then be reviewed by sport psychologists and

golf coaches. Pressure was induced during the testing phase by offering the participants double

the extra credit for participation if they could increase their performance by a given amount over

the next series of putts.

 Results indicated overwhelming support for the mechanisms of choking as described by

the explicit monitoring theory. First, participants who performed under pressure in the distraction

condition significantly outperformed those in the control group. Lewis and Linder concluded that

the counting backwards consumed portions of the participants attentional resources, thus

preventing the focusing of attention on the processes of skill execution. Therefore, the distracting

dual task helped facilitate automaticity, thus ameliorating choking under pressure. However, it

was found that during low-pressure trials, distracted participants performed worse than non-

distracted participants. Further research is therefore needed to explain this finding. The second
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major finding from the study revealed that participants adapted to heightened self-awareness did

not show signs of choking compared to non-adapted participants, thus confirming the role of

self-focus in choking. These findings, therefore, support the mechanisms of choking as described

by the explicit monitoring theories.

 However, do these findings suggest that the explicit monitoring theory is exclusively

correct in stating the mechanism in which choking occurs? As previously stated, Wine (1971)

found evidence that choking during test taking was caused by a compromise to working memory

as outlined by the distraction theory. Thus, evidence exists that, at least for some tasks, the

predictions of the distraction theory are correct. Beilock and Gray (2007) suggested that for tasks

that require working memory, typically academic based (i.e., test taking), compromises to

working memory will hinder performance as suggested by the distraction theory. In contrast,

choking on tasks that are typically automated and require little to no working memory are better

explained by the explicit monitoring theory. As a result, studies that examine choking under

pressure in sports skills have supported the claims of the explicit monitoring theory. Therefore,

the basis for any choking intervention involving proceduralized automated motor skills should be

based on the tenets of the explicit monitoring theory.

Types of Interventions

 The tenets of the explicit monitoring theory allude to three main areas in which

interventions can be based in order to inoculate the effects of performance pressure. Self-

awareness training, implicit learning, and distracting secondary tasks have all been shown to

alleviate choking under laboratory settings.

Self-Awareness Training. Interventions based on self-awareness training work off the

assumption that individuals who practice and learn a skill under heightened self-focus will learn

to adapt and become accustomed to the increased awareness that occurs under pressure. Lewis

and Linder (1997) found support for this method by training participants under heightened self-

awareness using a video camera. During pressure conditions, the individuals who had become

accustomed to performing under heightened self-awareness were not adversely affected by the

increase in pressure. A similar study by Beilock and Carr (2001) examined the effects of self-

conscious training on the performance of a golf-putting task. Beilock and Carr trained

participants under a self-awareness condition, similar to Lewis and Linder (1997), to a high skill

level. Again, the results revealed that participants trained under self-awareness strategies showed
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no performance decrements under pressure compared to a control group that was not trained

under a self-awareness strategy. The benefits from the training condition were stated to have

come from adapting to the attentional focus that typically occurs under performance pressure.

Beilock and Gray (2007) also stated that a possible benefit from self-awareness training is that it

may adapt individuals to the pressure situation itself, and not only to the shift in attentional

focus.

 While support for this type of intervention has been found, there are a few possible

problems associated with this approach. First, it may be difficult to always train in a highly self-

aware condition. Also, the extent to which a self-awareness situation created under training

conditions can simulate real world situations is questionable (Beilock & Gray, 2007). Self-

awareness has been shown to be caused by many situational factors such as audience presence,

ego-relevance, competition, punishment contingency and reward contingency (Baumeister &

Shower, 1986; Sanders, Baron, & Moore, 1978). The likelihood that a practice environment can

simulate these factors is doubtful.

Implicit Learning. According to Masters’ (1992) reinvestment hypothesis, under pressure

situations expert performance may breakdown when reinvested with explicit knowledge learned

at earlier stages of skill acquisition. Implicit learning on the other hand refers to knowledge

acquired without conscious awareness (Bright & Freedman, 1998). As a result, the knowledge is

often unavailable to verbal report and reflection (Bright & Freedman, 1998; Hardy, Mullens, &

Jones, 1996). Masters suggests that knowledge acquired through implicit learning would not be

available to be reinvested unlike explicit knowledge, thus performance may by unaffected by

pressure. If for example, a golfer is unaware of proper technique, then he will be unable to turn

attention inward on this technique, which has been shown to be harmful to performance (Beilock

et al., 2002). Support for this line of thinking has come from a study by Masters (1992) in which

participants were trained either implicitly or explicitly on a golf-putting task. Once trained, the

participants were exposed to a high-pressure condition, and asked to perform the task. The

results revealed that under the pressure situation, the explicitly trained group showed decrease in

performance, while the implicitly trained group showed signs of improvement (Beilock & Gray,

2007). However, it should be pointed out that Masters’ study suffers from some serious

methodological problems. For one, under the high-pressure test, the implicitly trained condition

lacked the requirement to perform a distracting dual task, which was used to suppress the
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acquisition of explicit knowledge. Therefore, performance under the pressure test could be a

result from discontinued use of the dual task, and not the benefits of implicit learning. Second, it

should be noted that prior to the pressure test, performance of the explicitly trained condition was

significantly better than the implicitly learned condition suggesting that explicit knowledge

helped facilitate skill acquisition quicker. To account for these shortcomings in methodology,

Hardy, Mullens and Jones (1996) replicated Masters’ study, but in doing so addressed the

aforementioned shortcomings. The results, however, still confirmed those found by Masters.

 Implicit learning, however, is not without its problems. As was mentioned, skill

acquisition seems to be slowed through the process of implicit learning. Without access to

specific instructions for complex sensorimotor skills, skill acquisition can take longer to acquire

(see also Maxwell, Masters, & Eves, 2000). Also, the extent to which expertise can be achieved

without proper instructions is theoretically questionable (MacMahon & Masters, 2002). Perhaps

for simple motor skills, implicit learning may be an appropriate strategy, but seems to be less

appropriate for more complex skills. The feasibility of learning a complex motor skill, such as a

golf swing, can also be scrutinized. A plethora of avenues to acquire explicit information about

proper mechanics exist such as instruction books, video, professional lessons, TV shows, and

friendly advice. It would seem impossible to acquire a complex skill such as a golf swing

without coming into contact with any of these avenues that offer explicit knowledge. Even if the

acquisition of explicit knowledge from these avenues can be avoided, evidence suggests that

even in the absence of explicit knowledge, performers are still capable of forming their own

unique explicit knowledge base that can be used to guide performance (Hardy, Mullens, & Jones,

1996). Therefore, the use of implicit learning strategies is marred by questions of appropriateness

and feasibility.

Secondary Tasks. The third possible intervention, and perhaps the most promising, is the

use of a distracting secondary task. Typically, studies have incorporated secondary tasks to direct

attentional focus in order to learn about cognitive control structures (Schmidt & Lee, 1999).

However, a variation in the use of secondary tasks has been to use it as a distracter for expert

performers (Schmidt & Lee, 1999). Distracting secondary tasks increase the cognitive load on

the performer, often limiting their ability to focus on other stimuli. Lewis and Linder (1997)

found that the implementation of a distracting secondary task (i.e., counting backwards) helped

inoculate against choking under pressure. The rationale behind this method is that the secondary



19

task consumes working memory, which prevents attention being shifted to the processes of skill

execution. As a result, performance decrements due to pressure are ameliorated.

 Evidence for the efficacy of a secondary task to prevent choking under pressure also

comes from a study by Jackson, Ashford, and Norsworthy (2006). In the study, experienced field

hockey players performed a dribbling task under high- and low-pressure manipulations. Also,

during the dribbling task, the participants performed under single-task, skill-focused, or dual-task

attentional constraints. Performance under pressure across the different attention conditions was

consistent with the findings of Lewis and Linder (1997). Performance during the dual-task

condition was significantly better compared to the single and skill-focused task conditions. The

dual-task condition was stated to have counteracted the negative tendency for pressure to shift

attention inward to skill execution. As a result, performance remained intact under the demands

of pressure.

 The current limitations to secondary tasks as feasible interventions are that for one, the

implementations of secondary tasks to inoculate choking have never made it outside the

laboratory. The types of secondary tasks used in previous studies have rarely been of the type

that can be applied in a real world setting. Many of these previous studies have used auditory

monitoring tasks in which performers would have to attend and identify target stimuli out of a

sequence of words or tones (e.g. Beilock & Carr, 2001; Beilock et al., 2004; Gray, 2004). Such

secondary tasks are not feasible in an applied setting. Furthermore, secondary tasks that may be

feasible (i.e., counting backwards) in an applied setting lack task relevance and sport specificity.

As a result, they may not necessarily be the ideal choice (Lewis & Linder, 1997). A study by

Reeves (2005) incorporated a sport-relevant dual task in a soccer dribbling skill. However, the

secondary task consisted of paying attention to a multi colored soccer ball, which is not found in

competitive soccer. As a result, the particular secondary task cannot be incorporated into a real

life competitive situation. Therefore, there exists a need to develop appropriate secondary task

interventions that are ecologically applicable and sport relevant.

 The present study bridges that gap between theory and application in order to test the

viability of a sport-relevant secondary task to facilitate automaticity, and thus inoculating the

effects of choking. Specifically, this study will examine the impact of an ecologically valid

secondary task relative to a non-relevant secondary task in order to identify the viability of the

new approach. If the new secondary task can be shown to be as effective, if not more so, than
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previously tested non-relevant secondary tasks, then ground can be gained for the applicability of

this new secondary task in an applied setting.

Development and Testing

Secondary Task Development. In order to create a secondary task intervention that can be

used in an applied setting, the feasibility problems of past secondary tasks must be accounted for.

Specifically, a secondary task intervention must be both sport relevant and specific, while at the

same time avoiding structural interference. The secondary task developed for this study is

designed to be both relevant and specific to the skill of golf putting. Specifically, the task will

revolve around focus drawn toward the golf ball. The reasoning behind this is three-fold. First,

the act of putting is a direct attempt to manipulate the motion of the golf ball. As a result, the golf

ball is a relevant stimulus to the task, thus, making this a sport-relevant secondary task.

Secondly, since concentration is important to performance (Schmid, Peper, & Wilson, 2001), a

secondary task designed to draw attention towards a relevant stimuli should act to help enhance

concentration. Cox (1990) states that few areas are as important as concentration in sport

performance. Finally, the golf ball was chosen to be the focus of the secondary task because it is

external to the processes of skill execution. Focus drawn towards the golf ball should ameliorate

focus turned inward to the step-by-step processes of skill execution. Research has identified that

an external, relevant attentional focus is better for preventing choking as opposed to an internal

focus (Abernethy, Masters, Maxwell, Kamp, & Jackson, 2007; Reeves, 2005).

 The last hurdle to overcome in developing a sport-relevant dual task is to account for the

confound of structural interference (Kahneman, 1973; Wickens, 1980, 1984). Structural

interference occurs when the primary and secondary task require the same sensory modality

(Beilock et al., 2002; Lidor, Reeves, & Tenenbaum, in review). For instance, structural

interference could occur if both the primary and secondary task required visual input to perform.

Thus, the two tasks would compete for visual information. The current dual task incorporated for

this study should be free from any such confounds. First, while putting does use the visual

modality, it is not mandatory for the processing of the actual putting stroke. Putting could still be

performed with the eyes closed. Second, since the secondary task involves the same visual

information as the primary putting task, then the two tasks should not compete for visual

attention from two separate sources. Theoretically, the sport-relevant secondary task
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incorporated in this study should offer the same facilitative benefits as previous secondary tasks

while also correcting the applied limitations.

Outcome Measures of Choking. An important consideration in the development of a

sport-relevant secondary task involves determining the best method for measuring the effects and

outcomes produced by the secondary task. Previous studies (e.g. Beilock & Carr, 2001; Beilock

et al., 2002; Beilock, Wierenga, & Carr, 2002; Beilock, et al., 2004; Lewis & Linder, 1997;

Mullen, Hardy, & Tattersall, 2005) using golf putting as the primary task have all essentially

measured putting performance in a similar manner. The primary dependent measure for these

studies involved participants putting to a target at varying distances. The goal of the task was to

stop the golf ball on or as near as possible to the target (i.e., hole, or a piece of tape on the

ground). The distance the golf ball was to the target after each putt was determined and used to

calculate the proficiency of the performance. While on the surface such measures of putting

performance seem to be appropriate, further examination reveals two major weaknesses of such

an approach. Such weaknesses call into question these outcome measures’ relevancy to the task

of putting, and to the validity of the measurement itself.

 The first fundamental problem with the existing outcome measures for putting

performance involves the goal of the task itself, which is to stop the golf ball on the target. The

problem with such a goal is that it has no relevancy to the skill of golf putting. It is invalid to

measure the performance of a particular skill by having it performed in a manner that it was not

trained to perform in. Golfers are not trained to stop a golf ball on a target, but to roll the golf

ball over the target. The reasoning behind this is that a golf ball has been found to have the best

chance of being holed out if the ball has enough velocity to roll 12 – 18 inches past the hole,

assuming the ball does not go into the hole. Such velocity allows the golf ball maximum

opportunity to go into the hole at all angles, while also minimizing the affects of variations in the

putting surface, which can have an impact on a slowly rolling ball (Pelz & Frank, 2000). A ball

that is coming to a stop is much more likely to be affected by imperfections of the green than a

ball rolling at the appropriate degree of velocity. Therefore, when golfers are trying to make a

putt, they are not concerned with stopping the ball at the spot where the hole is, but rather rolling

the ball with a certain velocity over the spot where the hole would be. While this may seem like a

small distinction, its effect on task performance could be substantial. Studies using such a

method to measure expert putting performance may in fact be placing novel task demands on the



22

expert performance. Therefore, the assumptions derived from the expert performance may not

indicate expert performance at all, but rather a novice performing on a novel task.

 The second fundamental problem with measures of outcome performance in past research

deals with the measurement of the performance itself. As mentioned previously, the goal of the

putting task was to stop the ball as near as possible to some target. A measurement was then

taken of the distance the ball was to the target. This measure was intended to reflect the

performance quality of the putt. Again, this seems like a logical method to evaluate putting

performance. However, further inquiry into the essence of the art of putting reveals that for

studies examining the automaticity of a putting stroke, such measures of putting performance or

automaticity are not sound. Measuring the distance of the ball to the hole as a means of

performance measurement takes into account two types of performance variables.

The first variable accounted for by the distance to the target measurement is the lateral

error (i.e. how far the ball is left or right of the target). The second variable accounted for is the

longitudinal error (i.e. how far short or past the target the ball ended up). Both lateral and

longitudinal errors are contributing to the overall distance from the target measurement. The

problem with using such an outcome measure is that mechanisms controlling the lateral error and

the longitudinal error may not be one in the same. Previous studies infer that both of these

variables are governed by processes assumed to be automated. Inquiry into the art of putting,

however, reveals this not to be the case. It may well be that putting mechanics are indeed

automated, but distance control remains under conscious control.

During a round of golf, a golfer may attempt anywhere around 36 putts per 18 holes.

However, rarely will any two putts during the round be identical in terms of the length of the

putt. As a result, controlling the distance of a putt must be actively attended to each time. To the

contrary, the actual putting mechanics that determine the direction of the putt will always remain

the same for every putt. The importance of this fact in terms of assessing automaticity is that

while putting mechanics remain the same from putt to putt, the distance of the putt is constantly

changing per putt. Therefore, putting mechanics can be assumed to be controlled by automatic

processes, but the mechanism for controlling distance may be held in working memory, and does

not run outside of conscious awareness.

It appears that the skill of putting runs off of two types of cognitive processes, one

automatic and one controlled. Directionally, the putt is controlled by the mechanics of the putting
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stroke and assumed to be automated. The distance control of the putt, however, is assumed to be

actively controlled. As a result, performance measures that take into account the distance a ball is

from the target are assessing both a controlled and automatic process. For a study trying to

measure the automaticity of a putting stroke, such a measure is recording more than just an

outcome produced by an automated process, thus diluting the results.

In order to account for these issues, putting performance should be measured via both

outcome- and process-oriented approaches. An appropriate outcome measure should only

account for final positions of the putt, thus eliminating the longitudinal variable. The inclusion of

a process-oriented approach would allow for further insight into the relationship between

attention and movement variability, thus providing a broader understanding of the effects of

choking under pressure.

Aims of the Present Study

The main purpose of the present study was to bridge the gap between theory and practice

by identifying an ecologically valid secondary task to prevent choking under pressure. The study

examined skilled and novice golfers on a putting task while carrying out two types of secondary

tasks: a traditional secondary task found in previous research, which consisted of random letter

generation, along with a new sport-relevant secondary task, which consisted of monitoring club

head – ball impact. If the sport-relevant secondary task can be shown to be as effective, if not

more so, than previously tested non-relevant secondary tasks, then support for the sport-relevant

secondary task intervention will be inferred.

A secondary purpose of the study was to examine the relationship between kinematic

variability under conditions which varied in pressure and attentional demands.

The hypotheses of this research are as follows:

1) Under single task performance, both novice and skilled golfers will show signs of

impaired putting performance under high-pressure manipulations.

2) Under non-relevant secondary task conditions, skilled participants will not suffer

performance decrements under pressure. Novice performance, however, will be further

impaired under pressure.

3) Under sport-relevant secondary task conditions, skilled participants will not suffer

performance decrements under pressure. Novice performance, on the other hand, will be

further impaired under pressure.
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4) Performance under pressure will be further facilitated during sport-relevant task

constraints relative to non-relevant task constraints for skilled participants. Novice

performance will be further impaired by the non-relevant task condition.

5) Secondary task constraints will impair skilled performance on kinematic variables related

to controlling the distance of a golf putt.
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CHAPTER 3

METHODS

Participants

Forty-four participants (n = 20 skilled and n = 24 novices) were recruited to participate in

the study. Skilled participants consisted of experienced golfers with a USGA handicap of  5. A

handicap of 5 and below was determined to best represent skilled golfers as only 5% of the

golfing population meets this standard, indicating a skilled status (“Men’s USGA Handicap,”

2005). Novice participants were students enrolled at Florida State University, and defined as

having less than one-year previous golf experience.

Performance Task

 Using a standard golf ball and putter, participants were required to perform a golf-putting

task on an indoor-carpeted surface. The putting task required participants to putt a golf ball to a

target hole 10 feet away. The object of the task was to roll the ball to the target as accurately as

possible in order to simulate the act of real world golf putting. Each participant performed the

golf-putting task under high- and low-pressure manipulations across three types of attentional

conditions.

Attentional Conditions

To determine the feasibility and validity of an intervention to prevent paradoxical

performance, the effects of three attentional manipulations were investigated. Specifically,

attentional focus was manipulated by the inclusion or omission of two types of secondary tasks:

a non-sport relevant secondary task used in previous research consisting of random letter

generation, and a sport-relevant secondary task consisting of monitoring club-head ball impact.

Single task condition. Participants putting under the single task condition were instructed

to focus solely on the primary task of rolling the golf ball as accurately as possible to the target

10 feet away. This control condition did not implement a secondary task, and served as a

baseline measure in which to compare the following two attentional conditions. This condition
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consisted of 40 (k=20 low-pressure, and k=20 high-pressure) attempts at rolling the ball to the

target.

Non-relevant secondary task condition. In line with the research of Jackson et al., (2006),

this condition involved participants performing the primary task of putting while simultaneously

performing a random letter generation task. Participants were asked to speak aloud a random

letter each time they heard an auditory signal. The auditory signal was produced by a metronome

and occurred at 1.5 second intervals. Participants were instructed that priority was to be given to

the randomization of the letters produced. They were asked to avoid generating alphabetical

sequences and repeating sequences such as A-B-A. On trials where the participant failed to

implement the secondary task, the results for that putt were thrown out, and the participant was

reminded of the secondary task. Forty putts (k = 20 low-pressure, and k = 20 high-pressure) were

attempted during this condition.

Sport-relevant secondary task condition. The sport-relevant condition consisted of the

primary putting task while monitoring club head - ball contact. The participants were informed

that the goal of the condition was to not only putt accurately, but also indicate as precisely as

possible the moment the club strikes the golf ball by saying the word hit out loud at impact.

Having the participants indicate the precise moment of club head - ball impact ensured that

attention was being directed towards the ball. Again, the audible response of the participants

indicated that the secondary task was being implemented. On trials where the participant failed

to perform the secondary task, the results were thrown out and the participant was reminded of

the secondary task. Forty putts (k = 20 low-pressure, and k = 20 high-pressure) were completed

under this condition.

Pressure Manipulation

In order to assess the effectiveness of each secondary task at inoculating the effects of

choking, pressure was manipulated in order to simulate the pressure experienced during

competition. Participants putted under conditions of both low and high-pressure.

Low-pressure. The low-pressure condition consisted of a set of putts described to the

participants as a practice session. It was assumed that being informed of the practice condition

would result in participants experiencing minimum amounts of pressure. During the practice

session, participants were instructed to do their best. The low-pressure condition was mainly

used to offer a baseline performance within each attentional condition.
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High-pressure. A high-pressure condition was implemented to mimic the effects of

performance pressure experienced during competition. Baumeister and Showers (1986) indicated

that a task presented as “ego-relevant” has been shown to induce pressure and choking on a

variety of tasks. Task conditions that are described as evaluative or diagnostic in nature have

been used to increase this sense of “ego-relevance,” and thus enhance the likelihood of choking

under pressure (e.g. Deffenbacher, 1978). Therefore, the high-pressure manipulation consisted of

a cover story informing the participants that their putting performance was to be video taped and

evaluated by an expert golfer. The participants were also informed that the footage taken during

the trials would later be used to create a training film about the basic skills of putting. The

presence of an expert evaluator and video camera has both been shown to effectively manipulate

pressure in previous research (e.g. Beilock & Carr, 2001; Deffenbacher, 1978; Jackson et al.,

2006; Masters, 1992; Mullen & Hardy, 2000).

Instrumentation

 Informed consent (see Appendix A). Prior to participation, participants were informed of

the demands of the study along with the minimal risks and the participant’s right to withdraw

from the study at any time. Additionally, the participants were informed that confidentiality

would be maintained throughout the study. The participants were asked to sign an informed

consent form indicating their willingness to participate.

Demographic information (see Appendix B). Demographic information about each

participant was collected prior to participation. The demographic information collected included:

age, year in school, number of years playing golf, and golf handicap.

Pressure manipulation check (see Appendix C). Before and after each block of putting

(see Figure 3), participants were given a questionnaire, which asked to indicate on a scale

ranging from 0 (no pressure) to 10 (very high pressure), “how much pressure are you feeling

right now?” Additionally, a second question asked to indicate on a scale ranging from 0 (not

determined at all) to 10 (very highly determined), “how determined are you to do your best?”

These questions were used to ensure that the pressure manipulations were indeed impacting

pressure perceptions as well as ensuring that the participants were putting forth acceptable effort.
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Performance Measures

 To assess the secondary tasks’ potential to facilitate automaticity, and thus inoculate

against the negative effects of choking, putting performance was analyzed. Putting performance

was examined via 2 methods: kinematic variability and outcome performance.

Kinematic Variables. In order to measure trial-to-trial variability of putting motion (i.e.,

consistency), the V1 Putt Visual Putting System by Interactive Frontiers was used (see Figure 1).

V1 Putt is a computer based motion analysis system for measuring critical factors of putter head

motion during golf putting (“V1 Putt,” 2005). Thirteen critical factors were recorded for each

trial, and were used to determine motion variability. The kinematic variables measured for each

putt were as follows:

• Aim at Address – A measurement of the face angle at address in degrees from square.

• Path Angle – A measurement, in degrees, describing how much the stroke path

deviates from square (i.e., inside-out or outside-in).

• Toe/Heel – A measure, in inches from center, of where the ball contacted the putter

face at impact.

• Aim at Impact – A measurement, in degrees from square, of the angle of the putter

face at the moment of ball contact.

• Rhythm – A ratio of the backstroke to the forward stroke indicating how much time it

takes to draw the putter back compared to the time it takes to bring the putter forward

to impact.

• Backswing – A measurement, in inches, of the length of the backstroke.

• Delta Angle – Difference between aim at address and aim at impact.

• Head Speed – The speed of the putter head in inches/second at impact.

• Ball Speed – The speed of the ball in inches/second immediately after impact with the

putter.

• Expected RPM – An approximation of RPM calculated by the speed of the ball and

the typical radius of a golf ball.

• Difference Angle – A second measure of the difference between aim at address and

aim at impact.
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• Velocity – A measure of ball roll control indicating where a ball would stop relative to

an average target.

• Path Arc – A measure of the size of the arc along which the putter head moved during

the stroke, as seen from above the golfer.

Figure 1: Example output from the V1 Putting Visual Putting System.

Outcome Performance. Along with kinematic variables, the outcome performance of

each putting trial was recorded. The V1 Putt Visual Putting System records the final outcome of

each trial relative to 9 possible outcome locations (see Figure 2). The final outcome position of

each putt served as an additional measure of the efficacy of the secondary task interventions.

Figure 2: Outcome location measured by V1 Putt.
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Procedure

 Once Human Subjects Committee approval was obtained (see Appendix D), participants

for the study were recruited. In order to recruit skilled golfers, a golf coach at a major southeast

Division I collegiate golf program was contacted. Also, additional skilled participants were

recruited through flyers at area golf courses. Once contacted, the purpose and goals of the study

were conveyed, and permission to collect data was sought. To recruit novice participants,

professors at Florida State University were contacted and asked permission to come into their

class and seek volunteers for the study. Once permission was granted, a sign-up sheet was

distributed asking for volunteers.

 The study required meeting individually with each participant on three occasions spread

out over separate days. In the first meeting, participants were briefed on the general purpose of

the study and asked to sign an informed consent form. Next, the participants were classified as

either a novice or skilled based on their past golfing experience and golf handicap. The initial

putting trial on day 1 was performed under single task constraints. The single task putting

condition was performed first to ensure that the secondary tasks learned in the subsequent trials

were not employed during the single task condition. Prior to participation, the participants were

given 5 practice putts to become familiar with the putter and the task itself. Following the initial

familiarization phase, participants randomly performed first under either the high- or low-

pressure manipulation. Two blocks of ten putts each were completed for each pressure

manipulation for a total of twenty putts. Regardless of the pressure manipulation, each

participant was instructed to “do one’s best.” Between each block of putts, the participants were

allowed a 3-minute break. Additionally, before and after each putting block, the participants

were asked to indicate on a scale ranging from 0 (no pressure) to 10 (very high pressure), “how

much pressure are you feeling right now?” and “On a scale ranging from 0 to 10, with 0 being

(not at all determined) and 10 being (very highly determined), how determined are you to do

your best?” Upon completion of the putting trials, arrangements were made to schedule the next

session.

 The second meeting started by randomly selecting one of the remaining two secondary

task attentional conditions. Once the attentional condition was selected, the primary and

secondary task was demonstrated, and participants were given 5 “warm up” putts. Prior and after

completion of each block of putts, the participants were asked to complete the pressure check
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questionnaire, similar to day 1. Once again, the order of the pressure manipulations were

randomized and counter balanced across all participants. Upon completion of the second day of

putting, the time for the final meeting was arranged.

 The third and final meeting consisted of performing the primary putting task in the

remaining attentional condition. The primary and secondary task was demonstrated, and

participants were given 5 putts to become familiar with the task. The ordering of the high- and

low-pressure manipulation was randomly selected, and the participants performed 2 blocks of 10

putts under each pressure manipulation. Before and after participation in each block of putts, the

participants were asked to complete the pressure check questionnaire, similar to the previous two

days. Upon completion of the final day, each participant was fully debriefed and thanked for

their time. Also, any additional questions the participants had were answered.

Design and Statistical Analysis

 In order to examine the effectiveness of the secondary tasks on ameliorating the effects of

choking, each dependent variable (kinematic variables and outcome performance) was subjected

separately to a repeated measures ANOVA. The RM ANOVA consisted of using skill level

(skilled and novice) as a between-subjects factor, and attentional condition (control, sport-

relevant, and non-relevant) and pressure level (low and high) as within-subjects factors. Pressure

and determination were each separately measured on a Likert type scale ranging from 0-10. Both

manipulation checks were administered before and after each block of 10 trials and were

subjected to a repeated measures ANOVA using attentional conditions (control, sport-relevant,

and non-relevant), pressure level (low and high), and pre-post trial (2) as within subject factors

and skill-level (expert and novice) as a between-subjects factor (see Figure 3).
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     Skill Level            Task Condition           Pressure              Putting Blocks

Figure 3:  Conceptual Scheme of Methods Design
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CHAPTER 4

RESULTS

Examination of Normality Assumptions

Repeated measures analysis of variance (RM ANOVA) was the primary method of data

analysis used in this study. The assumptions of normality, equality of variance and correlations

was tested using Mauchly’s test of sphericity. When sphericity was violated, the Greenhouse-

Geisser adjustment of df and significance was used.

Manipulation Checks

 Pressure.  The efficacy of the pressure manipulation was examined through analysis of

the perceived pressure questionnaire. A 2 (novice, skilled) X 3 (control, sport-relevant, non-

relevant) X 2 (low-pressure, high-pressure) X 3 (pre-trial, mid-trial, post trial) ANOVA on the

manipulation check revealed a significant main effect of pressure, Wilks  = .32, F (1, 42) =

90.67, p < .001,
2
 = .68. Figure 4 illustrates the significant effect of pressure manipulation.

Participants reported perceiving more pressure during the high-pressure manipulation (M = 4.95,

SE = .35) than during the low-pressure manipulation (M = 3.12, SE = .32). The pressure

manipulation was therefore deemed effective (ES = .48).
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Figure 4:  Mean perceived pressure for all participants under high- and low-pressure manipulation

across all conditions.
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Determination.  To evaluate the extent to which participants’ were determined to do their

best, a manipulation check was used to access their perceived effort. A 2 (novice, skilled) X 3

(control, sport-relevant, non-relevant) X 2 (low-pressure, high-pressure) X 3 (pre-trial, mid-trial,

post-trial) analysis of variance (ANOVA) revealed a main effect of pressure manipulation, Wilks

 = .45, F (1,42) = 51.51, p < .001,
2
 = .55. Under high-pressure (M = 8.44, SE = .23),

participants were more determined to do their best than under the low-pressure manipulation (M

= 7.5, SE = .30). Figure 5 represents the effect of pressure on determination. No main effect of

condition was revealed, Wilks  = .88, F (2, 41) = 2.80, p > .05, indicating that participants were

equally determined to do their best across all three attentional conditions.
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Skill Level. To determine whether the novice and skilled participants differed as a

function of skill, RM ANOVAs were used to test performance on both the kinematic and

outcome measures. For the kinematic variables, the RM ANOVAs using skill-level as a between-

subjects factor, and attentional condition and pressure level as within-subjects factors revealed a

significant main effect for skill-level across all motion variables (see Table 1). These findings

suggest that the skilled participants were statistically less variable (i.e., more consistent) in

putting mechanics than the novice participants, indicating that skilled and novice participants

differed in level of putting proficiency (see Figure 6). Also, a RM ANOVA on the outcome

measure using skill-level as a between-subjects factor, and attentional condition and pressure

level as within-subjects factors revealed a significant main effect for skill-level on the number of

putts made, F (1,42) = 222.40, p < .001,
2
 = .84 (see Figure 7). Skilled participants made

Figure 5:  Mean perceived determination for all participants under high- and low-pressure

across all conditions.
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significantly more putts (M = 12.91, SE = .33) than novice participants (M = 6.35, SE = .30, ES =

4.51). Figure 8 represents the locational outcome results for skilled and novice participants.

Thus, it was concluded that the skilled participants differed significantly in skill level compared

to the novice participants.

Table 1

Main effects of skill level for all kinematic variables including effect size.
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Figure 6: Mean SD values for skill level differences across all motion variables.

 Main Effect of Skill Level

Kinematic Variable F  p η2 ES

Angle at Address  36.93 .000 .47 1.84

Angle Difference  59.92 .000 .59 2.34

Delta  24.38 .000 .37 1.49

Head Speed  125.04 .000 .75 3.39

Ball Speed  143.77 .000 .77 3.63

Estimated RPM  140.76 .000 .77 3.59

Toe/Heel  .84.43 .000 .67 2.84

Angle at Impact  53.48 .000 .56 2.23

Velocity  132.72 .000 .76 3.49

Rhythm  18.19 .000 .32 1.28

Path Angle  20.17 .000 .32 1.36

Arc  30.40 .000 .42 1.67

Backswing  14.59 .000 .65 2.45
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Figure 6 – continued.
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Velocity
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Figure 6 – continued.
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Secondary Task Performance. From the 5,280 total trials, there were 32 instances in

which participants failed to provide a response during the sport-relevant secondary task. In

addition, during the non-relevant secondary task, there were 40 instances in which participants

failed to produce a response at one or more tones during the putting trial. These 72 trials were

discarded from the data set, and the participants were asked to repeat the trial. Skilled and novice

participants did not differ in the number of failed response to the secondary tasks (p > .05).

Figure 7:  Average number of putts made per skill level in all conditions.
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Figure 8:  Location outcomes for skilled and novice participants.
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Hypotheses Testing

To test the study’s hypotheses, putting performance was accessed via means of outcome

and process-oriented approaches. To obtain an indicator of performance consistency, standard

deviations were calculated for each of the dependent kinematic variables per performer across

both attentional and pressure conditions. For each of the 13 kinematic variables, repeated

measure ANOVAs were performed on the standard deviations using skill-level as a between-

subjects factor and attentional conditions (e.g., control, sport-relevant, and non-relevant) and

pressure level (e.g., low and high) as within-subject factors (see Table 2). Table 2 represents the

main and interaction effects for each dependent kinematic variable. Outcome performance was

also analyzed using a RM ANOVA using skill-level as a between-subjects factor, and attentional

condition and pressure level as within-subjects factors (see Table 3).

Table 2

RM ANOVA results for kinematic variable consistency using skill level as a BS factor, and

attentional condition and pressure level as WS factors.

Variable Effect Wilks’ λ F  p η2

Angle at Address

A. Skill Level  36.93 .000 .47

B. Attentional Condition .93 1.54 .226 .07

C. Pressure .99 .65 .425 .02

D. A by B .91 2.07 .137 .09

E. A by C .99 .07  .800 .00

F. B by C .92 1.78 .181 .08

G. A by B by C .99 .30 .744 .01

Angle Difference

A. Skill Level  59.92 .000 .59

B. Attentional Condition .95 1.09 .344 .05

C. Pressure .96 1.76 .192 .04

D. A by B .93 1.60 .214 .07

E. A by C .99 .19 .668 .00

F. B by C .93 1.54 .226 .07

G. A by B by C .95 1.11 .337 .05
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Table 2 – continued.

Variable Effect Wilks’ λ F  p η2

Ball Speed

A. Skill Level  143.77 .000 .77

B. Attentional Condition .88 2.79 .073 .12

C. Pressure .99 .16 .693 .00

D. A by B .84 3.94 .027 .161

E. A by C .99 .31 .583 .01

F. B by C .96 .87 .426 .04

G. A by B by C .95 1.04 .362 .05

Estimated RPM

A. Skill Level  140.76 .000 .77

B. Attentional Condition .89 2.53 .092 .11

C. Pressure .99 .40 .531 .01

D. A by B .884 2.70 .079 .12

E. A by C .98 1.03 .316 .02

F. B by C .987 .27 .762 .01

G. A by B by C .977 .48 .624 .02

Toe/Heel

A. Skill Level  .84.43 .000 .67

B. Attentional Condition .94 1.33 .275 .06

C. Pressure .98 .89 .350 .02

D. A by B .94 1.26 .295 .06

E. A by C .97 1.17 .285 .03

F. B by C .95 1.10 .342 .05

G. A by B by C .96 .87 .427 .04

Arc

A. Skill Level  30.40 .000 .42

B. Attentional Condition .89 2.49 .095 .11

C. Pressure 1.00 .21 .652 .01

D. A by B .77 6.26 .004 .23

E. A by C .94 2.71 .107 .06

F. B by C .95 1.04 .363 .05

G. A by B by C .80 5.00 .011 .20

Backswing

A. Skill Level  14.59 .000 .65

B. Attentional Condition .88 2.34 .112 .12

C. Pressure .96 1.37 .250 .04

D. A by B .81 4.19 .023 .19

E. A by C .99 .20 .656 .01

F. B by C .95 .88 .425 .05

G. A by B by C .79 4.72 .015 .21
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Table 2 – continued.

Variable Effect GG ms F  p η2

Rhythm

A. Skill Level  18.19 .000 .32

B. Attentional Condition .361 2.88 .070 .07

C. Pressure .000 .00 .963 .00

D. A by B .133 1.06 .344 .03

E. A by C .029 1.03 .317 .03

F. B by C .100 1.53 .230 .04

G. A by B by C .008 .11 .774 .00

Path Angle

A. Skill Level  20.17 .000 .32

B. Attentional Condition 6.049 1.12 .298 .03

C. Pressure .057 .40 .529 .01

D. A by B 10.11 1.87 .179 .04

E. A by C .207 1.47 .232 .03

F. B by C .628 3.73 .035 .08

G. A by B by C .243 1.44 .244 .03

Delta

A. Skill Level  24.38 .000 .37

B. Attentional Condition 1.567 2.03 .159 .04

C. Pressure .005 .12 .732 .00

D. A by B 1.635 2.12 .150 .05

E. A by C .000 .00 .994 .00

F. B by C .020 .327 .710 .01

G. A by B by C .037 .618 .533 .01

Angle at Impact

A. Skill Level  53.48 .000 .56

B. Attentional Condition .237 2.57 .099 .06

C. Pressure .001 .02 .894 .00

D. A by B .121 1.32 .273 .03

E. A by C .014 .24 .630 .01

F. B by C .074 .68 .449 .02

G. A by B by C .092 .84 .389 .02

Head Speed

A. Skill Level  125.04 .000 .75

B. Attentional Condition 4.964 3.16 .060 .07

C. Pressure .232 .34 .565 .01

D. A by B 12.41 7.88 .002 .16

E. A by C .003 .00 .947 .00

F. B by C .959 .839 .436 .02

G. A by B by C .849 .743 .479 .02
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Table 2 – continued.

Variable Effect Wilks’ λ F  p η2

Velocity

A. Skill Level  132.72 .000 .76

B. Attentional Condition 5.324 3.19 .060 .07

C. Pressure .373 .48 .491 .01

D. A by B 12.61 7.55 .003 .15

E. A by C .012 .02 .899 .00

F. B by C .130 .15 .847 .01

G. A by B by C .335 .38 .668 .01

Table 3

Outcome Results

Single Task Performance. The first hypothesis stated that both novice and skilled participants

would show performance decrements under high-pressure manipulation during single task

performance. While the omnibus RM ANOVA failed to reach significance (p = .86) for an

attentional condition by pressure interaction, a planned comparison examining performance

under pressure during the single task condition revealed that skilled participants made

significantly more putts under low-pressure manipulation (M = 12.35, SE = .69) compared to

high-pressure (M = 10.90, SE = .60), t(19) = 2.18, p < .05, d = 0.55 (see Figure 9). However,

non-significant (p = .32) differences were found between the number of putts made during the

low and high-pressure manipulations for novice participants under single task performance (see

Effect Wilks’ λ F p η2

A. Skill Level  222.40 .000 .84

B. Treatment Condition .87 3.17 .053 .13

C. Pressure .98 .68 .414 .02

D. A by B .90 2.38 .105 .10

E. A by C .95 2.39 .131 .05

F. B by C .99 .16 .857 .01

G. A by B by C .934 1.42 .252 .07

RM ANOVA results for outcome performance using skill level as a BS

factor, and attentional condition and pressure level as WS factors.
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Figure 9). As a result, only skilled participants showed signs of pressure induced performance

failure under the single task – high-pressure condition.
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Non-Relevant Task Performance. The second hypothesis stated that under non-relevant

secondary task conditions, pressure induced performance failure would be ameliorated in skilled

participants, but facilitated in novice participants. To test this hypothesis, performance during the

single task condition was compared to performance during the non-relevant task condition. A

planned comparison revealed a significant (p < .05) difference in performance for skilled

participants under pressure in the single task condition compared to the non-relevant task

condition. Skilled participants made significantly more putts under pressure during the non-

relevant task condition (M = 13.1, SE = 2.59) than during the single task condition (M = 10.9, SE

= 2.67), t(19) = -2.604, p < .05, d = 0.84 (see Figure 9). Thus, the outcome results supported the

hypothesis that under pressure, the non-relevant secondary task would help prevent pressure

induced performance failure in skilled participants.

 Novice performance, however, was predicted to be hindered by the addition of the non-

relevant secondary task. A planned comparison failed to reach significance (p > .05) indicating

Skilled Novice

Figure 9:  Average number of putts made per skill level across all attentional and pressure

conditions.
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no difference in performance under pressure between single task and non-relevant task

conditions, t(19) = .341, p > .05 (see Figure 9). Therefore, the hypothesis that novice

performance would suffer under non-relevant task conditions was not supported by the outcome

performance measure.

Sport-Relevant Task Performance. The third hypothesis assumed that experts in the sport-

relevant task condition would not suffer performance decrements under pressure, and that novice

performance would be further impaired under sport-relevant secondary task constraints. To

examine this hypothesis, performance during the sport-relevant condition was compared to

performance under single task constraints. A planned comparison revealed a significant (p < .05)

difference in performance for skilled participants under pressure in the single task condition

compared to the sport-relevant task condition. Skilled participants made significantly more putts

under pressure during the sport-relevant condition (M = 13.9, SE = .78) than during the single

task condition (M = 10.9, SE = .60), t(19) = 2.73, p< .05, d = 0.97. Thus, under sport-relevant

task conditions, pressure induced performance failure was ameliorated in skilled participants.

 For novices, a planned comparison of performance under pressure during single task and

sport-relevant task conditions revealed no significant differences (p > .05) in the number of putts

made. Contrary to the hypothesis, novice performance was not further impaired by the sport-

relevant task condition (see Figure 9).

Sport-Relevant vs. Non-Relevant Task Performance. The fourth hypothesis stated that

performance under pressure would be further facilitated during sport-relevant task constraints

relative to non-relevant task constraints. For skilled participants, a planned comparison of

performance under pressure during the sport-relevant and non-relevant task conditions revealed a

non-significant difference (p = .35) in performance between the two conditions, t(19) = .97, p

>.05. A planned comparison of novice performance under pressure during sport-relevant and

non-relevant task conditions also failed to reach significance, t(23) = .05, p >.05.

Kinematic Results

Single Task Performance. The omnibus RM ANOVAs on the kinematic variables

revealed that a main effect of pressure on performance variability failed to reach significance for

all dependent kinematic parameters (p > .05). However, an attentional condition by pressure

interaction existed for the variable path angle, Wilks’  = .85, F (2, 41) = 3.52, p < .05,
2
 = .15

(see Figure 10). A planned comparison of variability under single task performance revealed a
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non-significant difference in variability between low and high-pressure performance, t(43) = -

1.17, p = .246.
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The omnibus RM ANOVA test also revealed significant skill level by attentional

condition by pressure interactions for both the arc and backswing kinematic variables (see Table

1). Figure 11 represents the significant skill level by attentional condition by pressure interaction

for arc. Further examination of the interactions revealed a significant pressure by skill level

interaction for the arc variable during single task performance, Wilks’  = .88, F (1, 42) = 5.69, p

< .05,
2
 = .64. Under single task performance novice consistency improved under high-pressure

(M = 77.39, SE = 6.79) compared to low-pressure manipulation (M = 86.25, SE = 5.58). In

contrast, skilled performance decreased in consistency under high-pressure manipulation (M =

31.59, SE = 7.43) compared to low-pressure (M = 26.47, SE = 6.12). While the RM ANOVA

indicated a significant skill level by pressure interaction (p < .05), paired t-tests revealed only a

tendency towards significance for a change in performance within each skill level due to

pressure, t(23) = 1.84, p = .078, d = 0.26; t(19) = -1.82, p = .084, d = -0.20 for novice and skilled

participants respectively.

Figure 10:  Kinematic variability for path angle across both attention and pressure

conditions for all participants.
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Figure 12 represents the significant skill-level by attentional condition by pressure

interaction for variable backswing, Wilks’  = .79, F (1, 42) = 4.72, p < .05,
2
 = .21. However,

further examination revealed non-significant (p > .05) effects of pressure on performance under

single task conditions for both skilled and novice participants.
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Figure 11:  Kinematic variability for arc across both attention and pressure conditions for

skilled and novice participants.

Skilled Novice

Skilled Novice

Figure 12:  Kinematic variability for backswing across both attention and pressure

conditions for skilled and novice participants.
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 Non-Relevant and Sport-Relevant Task Performance. The omnibus RM ANOVAs

indicated that an effect of attentional condition existed for the kinematic variables: head speed,

ball speed, velocity, path angle, arc, and backswing. Each kinematic variable is analyzed in turn.

 Examination of the head speed variable revealed a significant skill level by attentional

condition interaction, GG ms = 12.41, F (1.6, 42) = 7.89, p < .05,
2
 = .16 (see Figure 13). For

skilled participants, head speed was most consistent during single task performance (M = 1.95,

SE = .29) followed by the sport-relevant condition (M = 2.08, SE = .21), and finally the non-

relevant task condition (M = 2.24, SE = .21). Pairwise comparisons indicated that skilled

participants were more consistent during the single task condition than during the non-relevant

condition (p = .001; Mi – Mj = -.28, SE = .08). The mean difference between the single task

condition and the sport-relevant condition failed to reach significance (p = .20; Mi – Mj = -.13,

SE = .10); similarly, the mean difference between the sport-relevant condition and the non-

relevant condition also failed to reach significance (p = .21; Mi – Mj = -.15, SE = .12).

 Observing the pairwise comparisons, novice participants were significantly more variable

during single task condition than during the sport-relevant (p = .01; Mi – Mj = .90, SE = .33) or

non-relevant task condition (p = .01; Mi – Mj = .99, SE = .35). The mean difference between the

sport-relevant and non-relevant condition failed to reach significance (p = .63; Mi – Mj = .10, SE

= .20).
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Figure 13:  Mean SD values representing skill level by attentional interaction for head

speed.



48

 A skill level by attentional interaction was revealed for the kinematic variable ball speed,

Wilks’  = .84, F (1, 42) = 3.94, p < .05,
2
 = .16 (see Figure 14). Examining the pairwise

comparisons for skilled participants, differences in the means for the three attentional conditions

failed to reach significance (p > .05). However, novice participants were most variable during

single task performance (M = 11.41, SE = .48) compared to the sport-relevant (M = 9.90, SE =

.51), and non-relevant task conditions (M = 9.65, SE = .42). Pairwise comparisons of novice

performance revealed that single task performance was significantly less consistent compared to

the sport-relevant (p = .03; Mi – Mj = 1.51, SE = .65) and non-relevant task conditions (p = .01;

Mi – Mj = 1.77, SE = .64). The mean difference between the sport-relevant and non-relevant

condition failed to reach significance (p = .66; Mi – Mj = .256, SE = .58).
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 The omnibus RM ANOVA revealed a significant skill level by attentional condition

interaction for the kinematic variable velocity, GG ms = 12.61, F (1.6, 42) = 7.55, p < .05,
2
 = .15

(see Figure 15). Overall, skilled participants were more variable under non-relevant task

conditions (M = 2.24, SE = .19) followed by the sport-relevant (M = 1.99, SE = .21) and single

task conditions (M = 1.96, SE = .30). Pairwise comparisons indicated that skilled performance

was most inconsistent during the non-relevant task condition compared to both the single task (p

Skilled Novice

Figure 14:  Mean SD values representing skill level by attentional interaction for ball

speed.
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= .01; Mi – Mj = .28, SE = .08) and sport-relevant conditions (p = .01; Mi – Mj = .25, SE = .09).

The mean difference between the single task and sport-relevant condition failed to reach

significance (p = .60; Mi – Mj = -.03, SE = .06).

 Overall, the kinematic results of velocity for novice participants indicated that

performance during the non-relevant task condition was most consistent (M = 4.46, SE = .17)

followed by the sport-relevant (M = 4.77, SE = .19) and single task condition (M = 5.52, SE =

.27), respectively (see Figure 15). The pairwise comparisons revealed that performance during

the single task condition was significantly more variable than the sport-relevant (p = .04; Mi – Mj

= .76, SE = .34) and non-relevant conditions (p = .01; Mi – Mj = 1.06, SE = .36). The mean

difference between the sport-relevant and non-relevant conditions failed to reach significance (p

= .16; Mi – Mj = .30, SE = .20).
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 The kinematic variable path angle revealed a significant attentional condition by pressure

interaction, GG ms = .207, F (1.7,42) = 3.73, p < .05,
2
 = .08 (see Figure 16). Further examination

of the effects of attentional conditions on path angle for skilled participants revealed a significant

main effect of attentional condition, Wilks’  = .71, F (2,18) = 3.65, p < .05,
2
 = .29 (see Figure

17). Pairwise comparisons indicated that skilled performance was significantly less consistent

during the non-relevant task condition compared to the single task condition (p = .01; Mi – Mj =

.13, SE = .05). The mean difference for all other pairwise comparisons failed to reach

Skilled Novice

Figure 15:  Mean SD values representing skill level by attentional interaction for velocity.
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significance (p > .05). Further examination of the effects of attentional conditions on path angle

for novice participants failed to reach significance (p > .05).
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 The omnibus RM ANOVAs also revealed a significant skill level by attentional condition

by pressure interaction for the variable arc, Wilks’  = .80, F (1,42) = 5.00, p < .05,
2
 = .20 (see

Figure 18). To further examine the interaction, a 3 (control, sport-relevant, non-relevant task

condition) by 2 (low-pressure, high-pressure) RM ANOVA was conducted for skilled

participants. However, results failed to reach significance (p > .05). Thus, variability on arc did

Figure 16:  Mean SD values for path angle variability across all attentional and pressure

conditions for all participants.

Figure 17:  Mean SD values for path angle variability for skilled participants across

attentional conditions.
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not differ as a function of attentional condition or pressure across the trials for skilled

participants.
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 To further examine the interaction for novice participants, a 3 (control, sport-relevant,

non-relevant task condition) by 2 (low-pressure, high-pressure) RM ANOVA was conducted.

Results indicated a significant main effect for attentional condition, Wilks’  = .63, F (2,22) =

6.46, p < .05,
2
 = .37, and attentional condition by pressure interaction, Wilks’  = .70, F (2,22)

= 4.79, p < .05,
2
 = .30 (see Figure 18). Overall, novice participants were more consistent

during the sport-relevant task condition (M = 65.46, SE = 6.66) than during the non-relevant (M

= 71.84, SE = 6.26) or single task condition (M = 81.82, SE = 6.55). Examining the pairwise

comparisons, novice participants were significantly less consistent during the single task

condition compared to the sport-relevant (p = .01; Mi – Mj = 16.36, SE = 4.45) and non-relevant

task conditions (p = .045; Mi – Mj = 9.98, SE = 4.71; see Figure 19). The mean difference

between the sport-relevant and non-relevant conditions failed to reach significance (p = .16; Mi –

Mj = -6.38, SE = 4.34). Under high-pressure manipulation, motion variability increased during

the sport-relevant task condition, but decreased during both the single task and non-relevant task

conditions (see Figure 18).

Skilled Novice

Figure 18:  Kinematic results of arc for skilled and novice participants under high- and

low-pressure for all three attentional conditions.
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 The omnibus RM ANOVAs also revealed a significant skill level by attentional condition

by pressure interaction for backswing (see Figure 20). Again, to further examine the skill level

by attentional condition by pressure interaction, a 3 (control, sport-relevant, non-relevant task

condition) by 2 (low-pressure, high-pressure) RM ANOVA on backswing for skilled participants

was performed. The RM ANOVA results revealed a main effect of attentional condition, Wilks’

 = .58, F (2, 18) = 6.44, p < .01,
2
 = .42 (see Figure 21). Overall, skilled participants were most

consistent during the single task condition (M = .42, SE = .02) compared to the sport-relevant (M

= .46, SE = .03) and non-relevant task condition (M = .55, SE = .03). Pairwise comparisons

indicated that skilled participants were most variable under non-relevant task conditions

compared to both single task (p = .04; Mi – Mj = .134, SE = .4.45) and sport-relevant task

conditions (p = .01; Mi – Mj = 16.36, SE = .4.45). The mean difference between the single task

and sport-relevant task conditions failed to reach significance (p = .10; Mi – Mj = -.04, SE = .02).

Figure 19:  Mean SD values for arc variability for novice participants across all attentional

conditions.
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To further examine the skill level by attentional condition by pressure interaction for

novice participants, a 3 (control, sport-relevant, non-relevant task condition) by 2 (low-pressure,

high-pressure) RM ANOVA on backswing was performed. However, the RM ANOVA failed to

reach significance. Thus, backswing variability did not differ as a function of attentional

condition or pressure across trials for novice participants (see Figure 20).

Skilled Novice

Figure 20:  Mean SD values for the kinematic results of backswing for skilled and novice

participants under high- and low-pressure for all three attentional conditions.

Figure 21:  Mean SD values for backswing variability for skilled participants across

attentional conditions.
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Sport-Relevant vs. Non-Relevant Task Performance. The fourth hypothesis stated that

performance under pressure would be further facilitated during sport-relevant task constraints

relative to non-relevant task constraints. To examine this hypothesis, planned pairwise

comparisons of performance under pressure for each kinematic variable were performed for

sport-relevant and non-relevant task conditions. Of the thirteen kinematic variables examined,

velocity, path angle, and backswing indicated significant differences (p < .05) between sport-

relevant and non-relevant task performance for skilled participants (see Figure 22). Skilled

participants were more consistent in velocity during the sport-relevant secondary task (M = 1.89,

SE = .09) than the non-relevant task condition (M = 2.2, SE = .12), t(19) = 2.28, p = .034, d =

0.66. Path angle consistency indicated that performance during the sport-relevant task condition

(M = .89, SE = .05) was more consistent than the non-relevant task condition, (M = 1.02, SE =

.05), t(19) = 2.09, p = .05, d = 0.56. Finally, backswing consistency also was more consistent

during the sport-relevant condition (M = .41, SE = .03) than the non-relevant task condition, (M

= .56, SE = .05), t(19) = 2.45, p = .024, d = 0.77.
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Novice performance indicated that only rhythm significantly differed in kinematic

variability under pressure between sport-relevant and non-relevant task conditions (see Figure

23). Novice participants were more consistent during sport-relevant – high-pressure

Figure 22:  Mean SD values for the kinematic variables differing in performance variability

during sport-relevant and non-relevant task conditions under pressure for skilled

participants.
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manipulation (M = .40, SE = .06) compared to non-relevant – high-pressure manipulation (M =

.64, SE = .11), t(23) = -2.18, p = .041, d = 0.52.
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Secondary Tasks and Distance Control. The last hypothesis stated that secondary task

constraints would impair skilled performance on motion variables related to distance control in

golf putting. Of the thirteen motion variables, the variables relating to distance control were

deemed to be head speed, ball speed, estimated rpm, velocity, and backswing. In order to

examine this hypothesis, RM ANOVAs were performed for skilled participants using attentional

condition (single task, sport-relevant, and non-relevant) and pressure level (low and high) as

within subject factors for each of the 5 distance control kinematic variables. Of the five

variables, a significant main effect (p < .05) of attentional condition was found for the variables:

head speed, velocity, and backswing.

 RM ANOVA revealed a significant main effect of attentional condition for head speed,

Wilks’  = .56, F (2, 18) = 7.15, p = .005,
2
 = .44 (see Figure 13). Overall, participants were

most consistent during the single-task condition (M = 1.95, SE = .07) compared to the sport-

relevant condition (M = 2.08, SE = .09) and the non-relevant condition (M = 2.24, SE = .10).

Performing pairwise comparisons, skilled participants were more consistent during the single

task condition than during the non-relevant task condition (p = .001; Mi – Mj = -.28, SE = .07).

The mean difference between the single task and the sport-relevant condition failed to reach

significance (p = .20; Mi – Mj = -.13, SE = .10); similarly, the mean difference between the sport-

Figure 23:  Mean SD values for the kinematic variability of rhythm for novice participants

under pressure.
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relevant condition and the non-relevant condition also failed to reach significance (p = .21; Mi –

Mj = -.15, SE = .12).

  For the kinematic variable, velocity, RM ANOVA revealed a significant main effect of

attentional condition, Wilks’  = .59, F (2, 18) = 6.33, p = .008,
2
 = .41 (see Figure 15). Overall,

participants were least consistent during the non-relevant condition (M = 2.24, SE = .10) than

under the sport-relevant condition (M = 1.99, SE = .07) or the single task condition (M = 1.96, SE

= .06). Pairwise comparisons revealed that performance during the non-relevant task condition

was significantly less consistent compared to the sport-relevant condition (p = .014; Mi – Mj =

.25, SE = .09), as well as the single task condition (p = .002; Mi – Mj = .28, SE = .08). The mean

difference between the sport-relevant and single task condition failed to reach significance (p =

.60; Mi – Mj = .03, SE = .06).

 Finally, RM ANOVA revealed a significant main effect of attentional condition for

backswing, Wilks’  = .58, F (2, 18) = 6.44, p = .008,
2
 = .42 (see Figure 21). Participants were

most consistent during the single task condition (M = .42, SE = .02) followed by the sport-

relevant condition (M = .46, SE = .03), and finally the non-relevant task condition (M = .55, SE =

.03). Pairwise comparisons reveal that under non-relevant task constraints, participants were

more variable in their backswing length compared to the control condition (p = .002; Mi – Mj =

.13, SE = .04) and the sport-relevant condition (p = .01; Mi – Mj = .10, SE = .03). The mean

difference between the single task condition and the sport-relevant task condition failed to reach

significance (p = .10; Mi – Mj = .04, SE = .02).
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CHAPTER 5

DISCUSSION AND CONCLUSIONS

The primary purpose of the present study was to determine the efficacy of a practical

sport-relevant secondary task to prevent choking under pressure. Recent literature on choking

(e.g., Baumeister, 1984; Beilock & Carr, 2001; Lewis & Linder, 1997) has focused on how

pressure situations alter the deployment of cognitive resources – either by drawing attention

towards execution, or by drawing attention away. The explicit monitoring theory suggests that

the mechanisms underlying this phenomenon results from performance pressure heightening

self-focused awareness, which leads to an increased focus on the step-by-step processes of skill

execution (Baumeister, 1984; Beilock & Carr, 2001; Lewis & Linder, 1997). This shift in

attention to the details of movement disrupts the automaticity of well-learned skills, resulting in

performance breakdown (Masters, 1992). However, recent evidence has suggested that

secondary tasks may be beneficial to ameliorating the negative effects of pressure induced

performance failure (Jackson et al., 2006; Lewis & Linder, 1997).

Secondary tasks work to prevent choking under pressure by consuming attentional

resources, which prevents attentional focus being shifted to the details of task execution (Lewis

& Linder, 1997). Therefore, secondary tasks are believed to facilitate automaticity and prevent

breakdown in skilled performance under pressure. However, up until this point, the secondary

tasks used in previous research have rarely been applicable outside the laboratory setting. As a

result, this study was aimed at illuminating a practical secondary task that could be easily

incorporated into a real world sports setting.

A secondary purpose of the present study was to describe the kinematic variability in

performance under situations varying in attentional demands and pressure. Up until this point,

the research on choking under pressure has typically relied upon outcome performance as the

primary objective measure used to distinguish the cognitive mechanisms supporting skill failure

(Pijpers, Oudejans, Holsheimer, & Bakker, 2003). While the current study maintained an
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outcome or product-oriented approach, it also extended findings in regards to a process-oriented

approach. The inclusion of kinematic data produces a broader understanding of the mechanisms

underlying pressure induce performance failure.

Outcome Performance

 Skill Level Differences. To gain a clearer picture of the impact secondary tasks have on

performance, both novice and skilled performance was examined. Central to an expert – novice

paradigm, is whether real skill-level differences exist between the groups. In the present study,

the differences between skilled and novice participants appeared to be real and meaningful.

Skilled participants on average made twice as many putts as the novice participants (see Figure

7). Also, the locational outcomes of the putts indicated differences due to skill level. When a

skilled participant missed a putt, it was more likely to end up past the hole, whereas novice

performance was more evenly distributed around the hole (see Figure 8).

 The distribution of locational outcomes for the skilled participants raises interesting

questions about the inadequacies of the outcome measures used in previous research (e.g.

Beilock & Carr, 2001; Beilock et al., 2002; Beilock, Wierenga, & Carr, 2002; Beilock, et al.,

2004; Lewis & Linder, 1997; Mullen, Hardy, & Tattersall, 2005). These studies have employed

an outcome measure determined by measuring the distance the ball finished away from the

target. However, the current findings support the assertion that skilled golfers are trained to not

stop the ball on the hole, but rather roll the ball with enough velocity to roll past the hole. The

implication of such incongruence in the way a skill is normally performed and the way in which

it is measured is that such non-task related measurements could impose novel task constraints on

the participant. Thus, these novel task constraints could diminish the effects associated with skill

level differences.

Single Task Performance. Initially, it was necessary to demonstrate that choking under

pressure could be induced in a laboratory setting. Therefore, the first hypothesis stated that under

single task performance, both novice and skilled participants would show signs of impaired

putting performance under high-pressure manipulations. Findings from the present study

partially supported this hypothesis. Skilled participants made significantly more putts under low-

pressure compared to high-pressure manipulation (see Figure 9). Thus, skilled participants

indicated signs of performance breakdown under pressure. Novice performance, however, failed
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to conform to the hypothesis. Under single task – high-pressure manipulation, outcome

performance did not vary as a function of the pressure manipulation.

 While novice participants failed to show signs of choking under pressure, the results are

consistent with the explicit monitoring theory and theories of skill acquisition. According to skill

acquisition theories, novice and expert performance is characterized by differences in the

underlying cognitive control structures (Anderson, 1982, 1983; Fitts & Posner, 1967). Novice

skill execution is held in working memory and attended to in a step-by-step fashion, while expert

performance is highly automated and operates largely outside of working memory.

Consequently, situations that increase the likelihood of skill-focused attention may aid in novice

performance. This assumption was supported by Gray (2004), who showed that novice

performance on a batting task improved under conditions designed to heighten skill-focused

attention. Furthermore, Mullen and Hardy (2000) found that under pressure, novice performance

was not significantly impaired on a golf-putting task. Although novice participants failed to

conform to the first hypothesis, these findings remain in line with the explicit monitoring theory

and previous research.

Secondary Task Performance. The second and third hypotheses both state that under

secondary task demands, skilled participants would not suffer performance decrements under

pressure; while novice performance, on the other hand, would be further impaired. Again, the

present findings only partially supported these hypotheses. Consistent with the prediction, skilled

performance was not impaired by pressure under both sport-relevant and non-relevant task

constraints. Skilled participants made significantly more putts under pressure during the

secondary task conditions compared to the single task condition (see Figure 9). In effect, the

secondary task demands facilitated automaticity, and prevented skill breakdown under pressure.

These findings are in line with the explicit monitoring theory, which was used to postulate the

study’s hypotheses.

The explicit monitoring theory suggests that performance pressure shifts attentional

resources towards the execution of well-learned skills, resulting in a breakdown of automaticity

(Beilock & Carr, 2001). However, the secondary task constraints prevented this disruption by

consuming attentional resources and directing focus away from task execution. Previous research

supports this reasoning. Lewis and Linder (1997) found that the addition of a distraction task

designed to prevent self-focused attention attenuated performance decrements under pressure in
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golf putting. Additionally, Jackson et al. (2006) showed that under pressure, a random letter

generation task, similar to the one used in this study, prevented choking under pressure in field

hockey players.

 While skilled performance under pressure was predicted to be facilitated by the

secondary task demands, novice performance was hypothesized to be impaired. This prediction

was based on theories of skill acquisition (e.g., Anderson, 1982, 1983; Fitts & Posner, 1967),

which suggest that novice task performance is supported by declarative knowledge that is held in

working memory. Early in learning, novices must devote large amounts of cognitive resources to

the control and production of movement. As a result, novice performance should be impaired

under conditions that draw attention away from task execution. In support of this reasoning,

Beilock et al., (2004) found that novice performance was impaired by a distracting dual task,

while secondary tasks designed to increase skill-focused attention enhanced novice performance.

However, the present results did not support this hypothesis. Novice outcome performance was

unimpaired by the addition of the secondary tasks.

 There may be two possible explanations for why novice performance was unaffected by

both the sport-relevant and non-relevant secondary task. First, a large majority of the novice

participants had no previous experience with golf putting prior to the study. As a result, a large

initial learning effect could account for the lack of performance breakdown under secondary task

demands. A strong learning effect could have offset the negative effects of the secondary tasks

producing little change in outcome performance. Using novice participants who have already

overcome the initial learning curve could have been potentially more beneficial.

 In association with the novice participants having very little experience prior to the study,

a second possible reason for failing to find negative effects due to secondary tasks could be a

floor effect. Being that novice performance was already initially very poor due to lack of

experience with the putting task, any additional hindrance could not further degrade

performance.

Sport-Relevant vs. Non-Relevant Task Performance. The fourth hypothesis stated that a

sport-relevant secondary task would further facilitate performance relative to a non-relevant task

condition. It was predicted that since concentration is an integral component of optimal

performance (Schmid, Peper, & Wilson, 2001), a secondary task designed to draw attention

towards a relevant stimulus should act to enhance concentration, thus further benefit
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performance. However, outcome performance indicated that no difference existed in the number

of putts made between the sport-relevant and non-relevant conditions. Both conditions equally

facilitated performance.

 A potential explanation for the failure to find an increased benefit of a sport-relevant

secondary task may be due to the nature of the putting task itself. While the golf ball is a relevant

stimulus in the execution of a golf putt, the relative importance of focusing on the golf ball is

substantially less compared to other ball sports. For example, the importance of focusing on a

baseball in a batting task is substantially greater than in a putting task. One could conceivably

execute a golf putt with no visual feedback of the golf ball, while executing a baseball task with

no feedback would be near impossible. As a result, the added benefit of increased focus on a golf

ball is potentially less pronounced than would be during a baseball-batting task. Therefore, the

benefit of a sport-relevant secondary task may be better shown through a task in which increased

focus on a relevant stimulus has greater consequences regarding performance.

Kinematic Variability

One of the current limitations to the majority of studies examining choking under

pressure is a focus mainly on outcome or product-oriented measures of performance. A potential

limitation of this approach is that outcome performance may be too insensitive to detect all

changes associated with pressure (Pijpers et al., 2003). As a result, the present study not only

examined outcome performance, but also took a process-oriented approach to the study of the

relationship between pressure and performance.

Previous research has suggested that anxiety and pressure can alter the characteristics of

movements (Pijpers, Oudejans, & Bakker, 2005). More specifically, anxiety has been linked to

movements described as less smooth, less efficient in terms of time and energy, and less variable

(Pijpers et al., 2003). One potential explanation given to account for changes in movement

characteristics under pressure is that movement behaviors regress and parallel characteristics of

early learning (Pijpers et al., 2003). Early motor learning is typified by movements that are rigid

and jerky as created by the freezing of degrees of freedom (df) according to Bernstein (1967). As

a result, a process-oriented approach may give a clearer picture of the effects secondary task

strategies have on choking under pressure.

 Skill Level Differences. As with the outcome performance measure, novice and skilled

participants indicated significant differences in kinematic variability. Skilled participants were
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significantly more consistent across all 13-motion parameters from trial to trial (see Figure 6).

Taken together with the outcome performance, the skilled participants in the present study

indicated “superior reproducible performance” compared to novice participants, which is a

hallmark of expert performance (Ericsson, 2006). As a result, the skilled participants in the

present study were deemed to differ significantly in skill level compared to the novice

participants.

Single Task Performance. Research findings indicate that movements typically become

less smooth, noisier, and more rigid under pressure (Collins, Jones, Fairweather, Doolan, &

Priestley, 2001; Pijpers et al., 2003). These findings are consistent with a freezing df theory

(Bernstein, 1967). Less clear, however, is what effect pressure has on trial-to-trial consistency of

a motor movement. Since motor behavior is believed to regress to lower skill levels under

pressure, the first hypothesis predicted that under single task – high pressure manipulation,

skilled and novice performance would be impaired (i.e., more variable). However, results

indicated that motion variability did not significantly differ as a function of low- or high-pressure

for skilled and novice participants.

While it may be the case that pressure affects the nature of the movement (i.e., becomes

less smooth, more rigid), in terms of trial-to-trial variability, pressure may not impact

consistency of execution. Pressure may cause the movement to be performed differently, but the

consistency of the “incorrect” movement remains intact. This explanation may account for the

outcome where skilled participants made fewer putts under pressure, yet were no less consistent

in movement variability.

Similarly, novice movement variability was unaffected by the high-pressure

manipulation. An alternative explanation to the previous one for novice participants is the

possibility that novice performance was prevented from becoming further inconsistent due to a

floor effect. Characteristic of novice performance, movement variability is highly inconsistent,

and the possibility for further degradation to consistency is remote.

A final possible explanation for the lack of change to motion variability brought on by

the pressure manipulation, was the pressure manipulation itself. While examination of the

pressure manipulation revealed that participants perceived significantly more pressure during the

high-pressure condition, the participants only reported experiencing moderate amounts of
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pressure (M = 4.95, SE = .35). It is uncertain whether the moderate amount of pressure

experienced was adequate to bring about significant changes to motion consistency.

 Secondary Task Performance. In accordance with the second and third hypothesis,

performance pressure did not impair outcome performance for skilled participants during

secondary task conditions. In terms of kinematic variability, it was also predicted that secondary

task constraints would facilitate motion consistency for skilled participants. However, results

failed to support this assumption. In fact, kinematic variability either increased or had a tendency

to increase under secondary task demands. In contrast, novice performance was predicted to

decrease in motion consistency under secondary task constraints. Again, the results tended to

reveal the opposite pattern, with secondary task constraints producing more consistent movement

characteristics for novice participants.

 In contrast to the hypotheses, while movement variability increased for skilled

participants under secondary task demands, this increased variability may have been functional

and beneficial to outcome performance. Variability of movement can be functional when it is

compensatory (Stretch, Bartlett, & Davids, 2000). In other words, a fluctuation in one parameter

can be compensated by a fluctuation in another parameter in order to ensure optimal outcome

(Bootsma & van Wieringen, 1990). Compensatory variability is one of the distinguishing

features of goal-directed behavior, in that a tight fit between the current state of the action and

the outcome goal can be created through ongoing modulation or compensation in movements

(Dupuy, Mottet, & Ripoll, 2000; Stretch, Bartlett, & Davids, 2000). As a result, under optimal

conditions, skilled movements may show signs of increased variability rather than consistency as

was originally predicted.

 Compensatory variability has been observed in a number of different skilled actions.

Bootsma and van Wieringen (1990) found that at the initiation of a table tennis forehand,

movement variability was initially large, but became less variable the closer in time the ball was

to the player. The initial large variability was suggested to have been a product of the

compensatory nature of the perception-action coupling. During the initial movements, the

participants were still altering their movements to produce an optimal outcome.

 Under pressure, however, the beneficial affects of compensatory movements can

disappear. A study by Sekiya and Urimotor (2007, June) found that as skill-level increased, so

too did the ability of one movement parameter to compensate the motion of another parameter,
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thus ensuring optimal performance. However, under high-pressure manipulation, it was observed

that the compensatory coordination of the movement parameters disappeared.

In the current study, the increased movement variability associated with secondary task

performance may indicate a facilitation of compensatory movements for skilled participants.

Under optimal conditions, skilled participants may make minute adjustments during the putting

stroke to account for inconsistencies in the initial setup condition or any unexpected

perturbations. As a result, the increased movement variability seen under secondary task

performance may have been functional in nature.

In contrast to the increases in kinematic variability observed in skilled participants,

novice variability decreased under secondary task conditions. It is unlikely that a lack of

compensatory variability lies at the heart of novice increases in motion consistency. Novice

participants are unlikely to have developed the ability to modulate and compensate the ongoing

movements in order to ensure optimal outcome. However, novice motion consistency may be

best explained by a freezing df theory (Bernstein, 1967). The additional demands on novice

performance created by the secondary tasks may have lead novice participants to attempt to

freeze additional df in order to reduce task complexity. Such a strategy would result in rigidly

locking or coupling the movements of different joints (e.g., the wrist, elbow, shoulder, etc.). As a

potential result, the motor movements could show evidence of increased consistency.

These findings are consistent with the work of Tanaka and Sekiya (2007, June). Tanaka

and Sekiya found a linear relationship between attentional focus and kinematic variability in

novice golfers. Under conscious control, novice golfers showed increases in kinematic

variability. However, under decreased conscious control, kinematic variability was reduced.

These findings mirror the current study. During secondary task conditions, conscious control

would be greatly minimized, thus producing decreases in kinematic variability as was shown in

both studies.

 Sport-Relevant vs. Non-Relevant Task Performance. Although outcome performance

failed to find a difference between the sport-relevant and non-relevant task condition under

pressure, the process-oriented approach indicated that for skilled participants, motion variability

was more consistent for the parameters velocity, path angle, and backswing during the sport-

relevant task condition. In continuing with the line of thought that increased motion variability

for skilled performance is functional, then it must be concluded that the non-relevant task
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condition further facilitated compensatory variability compared to the sport-relevant task

condition.

 A potential reason for the increased benefit of the non-relevant task condition may be that

the secondary task itself is continuous, compared to the sport-relevant task, which was a discrete

task. The continuous nature of the non-relevant task condition may have further helped eliminate

any residual skill-focused attention through an ongoing cognitive demand. The sport-relevant

task consisted of a single discrete cognitive task, which may have left room prior to the

execution of the secondary task to turn attention towards the execution of the skill. As a result, a

continuous secondary task may be more beneficial in facilitating automaticity compared to a

discrete secondary task.

 In terms of novice performance, only a single motion parameter indicated differences

between the sport-relevant and non-relevant task conditions under pressure. Novice performance

was more consistent regarding the rhythm parameter than compared to the non-relevant task

condition. Being that only one parameter out of 13 showed a difference between the two

secondary task conditions, drawing general conclusions about the differential effects of the

secondary tasks is difficult and speculative at best. More research is needed to further clarify the

differential impacts the two types of secondary tasks have on novice kinematic variability.

 Secondary Tasks and Distance Control. The fifth and final hypothesis stated that

secondary task constraints would impair skilled performance on kinematic variables related to

distance control. Being that the distance a golfer must hit each putt during a round of golf

constantly varies; it was predicted that the process of distance control is actively attended to and

not heavily automated. Therefore, it was predicted that secondary task constraints would

interfere with the participants’ ability to consciously control the distance aspect of a golf putt.

Five motion parameters were deemed to be related to distance control. These parameters

included: head speed, ball speed, estimated rpm, velocity, and backswing. Results indicated that

motion variability for head speed, velocity, and backswing increased as a result of secondary task

constraints. While these findings support the hypothesis, it remains unclear as to the reasoning

behind the increased variability. Initially it was assumed that the secondary task demands would

negatively interfere with the conscious control of distance. However, an alternative explanation

outlined earlier may indicate that the decreased consistency is functional and associated with
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compensatory mechanisms. The present results are not able to distinguish whether the variability

surrounding the distance control parameters are functional or harmful to performance.

Regardless of the functionality of the kinematic variability surrounding the parameters

associated with distance control, the increased variability caused by the secondary task

constraints highlight the inadequacies of the outcome measures used in previous studies. Taken

along with the location outcomes presented earlier, the previous methods of assessing outcome

by measuring distance to the hole are flawed. Not only does the location outcomes indicate that

skilled golfers are not trying to stop the ball on the hole, but if secondary tasks inhibit distance

control, then measurements of outcome that take into account distance are inadequate.

Conclusion

The present study attempted to bridge the gap between theory and practice by identifying

a practical research based strategy to prevent choking under pressure. Up until this point, rarely

have the strategies used to control attentional focus been practical outside of the laboratory.

However, this study identified and validated the viability of a sport-relevant secondary task to be

used under pressure in golf putting. It was concluded that the sport-relevant secondary task

equally facilitated automaticity and prevented choking under pressure compared to the secondary

tasks previously used in research.

 Findings from the present study supported the literature on attention and performance.

Results were consistent with the explicit monitoring theory, where performance breakdown

under pressure is due to a disruption of automaticity brought about by skill-focused attention.

Consistent with predictions of the explicit monitoring theory, secondary tasks were shown to

prevent skill-focused attention, thus securing automaticity in skilled participants. The current

findings also replicated the results of Jackson et al., (2006), indicating that secondary tasks

designed to draw attention away from performance are beneficial to preventing pressure induced

performance failure.

In addition to the present findings, the study extended the results outside of a product-

oriented approach. The inclusion of a process-oriented approach to understanding the affects of

attentional focus on performance provided new insights into the relationship between attention

and movement variability. Results indicated that under optimal conditions brought about by

secondary tasks, compensatory variability is facilitated thus helping to secure skilled

performance.
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Future Directions

While the kinematic results shed new light on the relationship between attention and

performance, more research is needed to determine the underlying mechanisms linking

attentional focus to movement variability. One potentially fruitful direction could be to examine

the changes in movement variability under skill-focused task conditions, such as the ones used

by Beilock et al. (2002). Based on the current understanding, it would be expected that under

skill-focused conditions, skilled participants would show increases in movement consistency.

Such increases in consistency would be evidence of a disruption to functional or compensatory

variability.

 In more practical terms, future research is also needed to identify practical secondary

tasks for other sports. For example, a secondary task designed to draw attention to the baseball in

a batting task, or a secondary task designed to draw attention to the basketball rim in free-throw

shooting. In addition, future research is needed to clarify the affects that secondary tasks with

different characteristics (e.g., continuous, discrete, relative timing) has on ameliorating the

negative effects associated with choking under pressure. In all, the recent research surrounding

secondary tasks appears to be promising ground for future exploration.

 Bryan and Harter (1899) stated that “Automatism is not genius, but it is the hands and

feet of genius.” Over 100 years since this statement was first made, research including the

present study continues to support the role of automaticity in high-level performance. Any

attempt to facilitate automaticity, be it through secondary task techniques, training strategies, or

other similar methods have been shown to have important implications for skilled performance.
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APPENDIX A

INFORMED CONSENT FORM

I freely and voluntarily and without element of force or coercion, consent to be a

participant in the research project entitled “Facilitation of Automaticity: Sport-Relevant vs. Non-

Relevant Secondary Tasks” This research is being conducted by William Land, who is a Masters

student in the department of Educational Psychology and Learning Systems, Sport Psychology

program at Florida State University. I understand the purpose of his research project is to better

understand skill learning and performance across different putting conditions.

I understand I will be asked to perform a golf-putting task under different conditions. The

total time commitment would be about two hours, spread out over a three-day period. I

understand that information obtained during the course of the study will remain confidential, to

the extent allowed by law. I further understand that I might be videotaped by the researcher. I

understand that if I do not wish anyone to see these, that I will inform the researcher and only the

researcher will have access to these tapes. I further understand that these tapes and all

questionnaires, data, and consent forms will be kept at William’s home in a locked file cabinet,

and will be destroyed by August 31, 2010.

I understand my participation is totally voluntary and I may stop participation at anytime.

All of my answers to the questions will be kept confidential to the extent allowed by law and

identified by a subject code number. My name will not appear on any of the results. I understand

that if I wish to obtain a copy of the results I will inform the researcher. I understand there is a

possibility of a minimal level of risk involved if I agree to participate in this study, but no more

than experienced in a normal practice. Furthermore, I understand that I might experience anxiety.

William Land will be available to talk with me about any emotional or physical discomfort I may

experience while participating. I understand that I am able to stop my participation at any time I

wish.

I understand there are benefits for participating in this research project. I will be

providing valuable information that will help athletic professionals gain insight into the

processes of skill execution under varying conditions. I understand that this consent may be

withdrawn at any time without prejudice, penalty, or loss of benefits to which I am otherwise

entitled. I have been given the right to ask and have answered any inquiry concerning the study.

Questions, if any, have been answered to my satisfaction. I understand that if I have questions

about my rights as a participant in this research, or if I feel I have been placed at risk, I may

contact William Land, (931) 244-5625, Dr Gershon Tenenbaum, 644-8791, or the Chair of the

Human Subjects Committee, Institutional Review Board, through the Office of the Vice

President for Research, at (850) 644-8633.I have read and understand this consent form.

(Participant)              (Date)
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APPENDIX B

DEMOGRAPHIC INFORMATION

Participant ID # ________________

Age __________________        Gender __________________

Golf Handicap (if not applicable, leave blank) _______________

How many years have you been playing golf?  __________________________________

I am currently a (circle one of the following):

(  Freshman  Sophomore  Junior  Senior  Other  )
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APPENIDIX C

PRESSURE AND DETERMINATION QUESTIONNAIRE

Session ID _______________   Participant ID _____________

Performance Questionnaire

a. On a scale from 0 (no pressure) to 10 (very high pressure), how much pressure are you

feeling right now? ____

a. On a scale from 0 (not determined at all) to 10 (very highly determined), how determined

are you to do your best? _____

STOP DO NOT ANSWER FURTHER UNTIL INSTRUCTED

b. On a scale from 0 (no pressure) to 10 (very high pressure), how much pressure are you

feeling right now? ____

b. On a scale from 0 (not determined at all) to 10 (very highly determined), how determined

are you to do your best? _____

STOP DO NOT ANSWER FURTHER UNTIL INSTRUCTED

c. On a scale from 0 (no pressure) to 10 (very high pressure), how much pressure did you

feel during that trial of putting? ____

c. On a scale from 0 (not determined at all) to 10 (very highly determined), how determined

were you during that trial? _____
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APPENIDIX D

HUMAN SUBJECTS COMMITTEE APPROVAL
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