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ABSTRACT 

 

 

In recent years, a considerable amount of research has been conducted to delineate the 

effects of attentional focus on task performance (e.g., Wulf, 2007a). From this research, external 

focus has been shown to be beneficial to both motor learning and performance. Less clear, 

however, are the mechanisms through which external focus benefits performance (Poolton, 

Maxwell, Masters, & Raab, 2006). Traditionally, an information-processing perspective (e.g., 

common-coding theory) has suggested that external focus facilitates performance by triggering 

associated sensorimotor representations responsible for motor production (Wulf & Prinz, 2001). 

More recently, however, a constraints-led perspective has suggested that external focus aids 

performance by strengthening action-perception coupling through facilitating attunement to 

environmental affordances (Davids, Button, & Bennet, 2008). Consequently, the purpose of the 

present study was to delineate between a common-coding account and a constraints-led 

perspective regarding the beneficial role of external focus of attention. More specifically, the 

extent to which visual information underpins the advantage of external focus was examined. The 

study examined skilled golfers (n = 30) on a putting task under one of three attentional focus 

conditions (control, irrelevant, and external). Additionally, participants performed under full and 

occluded vision. Putting performance was measured via both outcome- and process-oriented 

approaches. Results from the present study indicated that visual information did not mediate the 

extent to which external focus impacted performance. Regardless of the availability of visual 

information, performance during external focus resulted in a greater number of successful putts. 

Furthermore, analyses of movement trajectory variability indicated that the degree of variability 

reduced from the start of the forward swing to the point of contact. Variability during external 

focus resulted in moderate levels of variability compared to the control and irrelevant focus 

conditions. Overall, results lend support to a common-coding account of external focus. 
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CHAPTER 1 

INTRODUCTION 

 

 

 In recent years, a considerable amount of research has been conducted to elucidate the 

effects of attentional focus on task performance (e.g., Wulf, 2007a). From this research, proper 

allocation of limited attentional resources has been explicitly linked to improved learning and 

improved outcome performance (e.g., Wulf, 2007a). The notion that attention plays an important 

role in performance is not new (i.e., James, 1890/1983). In fact, William James spoke to the 

significance of properly directed attention: 

It would seem indeed that we fail of accuracy and certainty in our attainment of the end 

whenever we are preoccupied with much ideal consciousness of the means. We walk a 

beam the better the less we think of the position of our feet upon it. We pitch or catch, we 

shoot or chop the better the less tactile and muscular (the less resident), and the more 

exclusively optical, (the more remote) our consciousness is. Keep your eye on the place 

aimed at, and your hand will fetch it; think of your hand, and you will very likely miss 

your aim. (James, 1890/1983, pp. 520)   

According to James, actions are controlled more effectively when attention is directed externally 

(“remote effects”) rather than on kinesthetic/internal feedback. More recent research suggests 

that external focus facilitates greater accuracy (e.g., Shea & Wulf, 1999), reduced 

attentional/working memory demands, as evidenced by faster probe reaction times (e.g., Wulf, 

McNevin, & Shea, 2001a), and overall better outcome performance (e.g., McNevin, Shea, & 

Wulf, 2003). In fact, requiring experts to refocus attention inwardly (either through the use of 

verbal instructions or through secondary task methods) on the step-by-step processes of skill 

execution, has been shown to have negative consequences for performance (e.g., Beilock, 

Bertenthal, McCoy, & Carr, 2004; Beilock & Carr, 2001; Beilock, Carr, MacMahon, & Starkes 

2002; Beilock & Gray, 2007; Kimble & Perlmuter, 1970).  

While focus of attention has been shown to be vital to both learning and motor 

performance, the mechanisms through which external focus benefits performance remains 

unclear (Poolton, Maxwell, Masters, & Raab, 2006). Initially, an information-processing 

perspective was sought to account for the beneficial role of external focus (Wulf, 2007b). 

Primarily, external focus was viewed as contributing to the cognitive antecedents of movement 
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execution, namely by helping trigger associated sensorimotor representation (Kunde, Koch, & 

Hoffmann, 2004). More recently, however, a constraints-led perspective suggests that external 

focus aids performance by strengthening action-perception coupling through facilitation of 

attunement to environmental affordances (Davids, Button, & Bennet, 2008). Consequently, more 

work is needed to clarify the mechanisms supporting this mode of focus. 

Understanding the mechanisms through which external focus aids performance can have 

important consequences for the design and implementation of instructions intended to assist 

motor skill learning and performance. In this regard, focus of attention has been found to play a 

central role in the effectiveness of instructions for motor skill learning (Wulf, McConnel, 

Gärtner, & Schwarz, 2002). Conventional coaching strategies have frequently relied upon 

prescriptive verbal instruction designed to promote an optimal movement strategy. However, 

research on the allocation of attention suggests that motor learning and performance may be 

impaired by explicit instruction geared toward kinematic feedback (Wulf, 2007a). Moreover, 

evidence exists that suggests attention directed towards movement outcomes, rather than the 

movement themselves, may aid learners in discovering individual optimal movement solutions to 

a particular movement problem (Davids et al., 2008). Consequently, identifying the appropriate 

channels of focus, as well as the mechanisms through which external focus benefits performance 

may help practitioners guide learning and better structure practice to promote the development of 

skilled performance.  

As a result, the purpose of the present study was to delineate between an information-

processing account (i.e., common-coding, see Wulf & Prinz, 2001 for a review) and a 

constraints-led perspective (i.e., attunement to affordances, see Davids et al., 2008 for a review) 

regarding the beneficial role of external focus of attention. More specifically, the extent to which 

visual information underpins the advantage of external focus was examined. Additionally, 

implications for movement production and variability were examined with regard to the two 

perspectives.  
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CHAPTER 2 

 

LITERATURE REVIEW 

 

 

The following review is aimed at illuminating several pertinent and practical observations 

on recent findings surrounding the literature on focus of attention. To start, the research 

surrounding external focus is broadly reviewed. Next, the two prominent perspectives (i.e., 

information-processing, constraints-led approach) on external focus are examined. Additionally, 

the relationship between attentional focus and movement variability is considered in relation to 

the information-processing and constraints-led approach. Finally, the alternative predictions 

regarding the use of environmental information based on the prominent accounts of external 

focus, followed by a method for examining the veracity of the proposed predictions are 

discussed.  

Focus of Attention 

Attention is thought to play a vital role in supporting the production of skilled 

performance (Hodges, Starkes, & MacMahon, 2006). Recent research on attention has explicitly 

linked proper allocation of attentional resources (i.e., external focus) to increased learning (e.g., 

Shea & Wulf, 1999), reduced brain and muscle activity (e.g., Zachry, Wulf, Mercer, & Bezodis, 

2004), and optimal performance outcomes (e.g., Castenada & Gray, 2007). Towards this end, 

much research has been directed towards defining the most appropriate channel of focus (see 

Wulf, 2007a for a review). Largely, a review of the literature on attentional focus identifies three 

key findings regarding focus of attention: (a) external focus facilitates learning and performance 

more so than internal focus, (b) focus on movement effects represents the most advantageous 

form of external focus, and (c) distal external focus is superior to a proximal external focus.   

Internal versus external focus. Early research on focus of attention centered on the 

distinction between internal and external sources of attentional focus (e.g., Wulf, Höβ, & Prinz, 

1998; Wulf, Lauterbach, & Toole, 1999a). Internal focus represents attention directed to one’s 

own movements (e.g., movement of the arms during a baseball swing), whereas external focus 

represents attention directed towards the effects of one’s movements on the environment (e.g., 

baseball leaving the bat after contact) (Wulf & Prinz, 2001).  The source for this distinction was 

grounded in traditional pedagogical views of motor learning wherein coaches believed that 

acquisition of a complex motor skill required that performers obtain substantial declarative 
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knowledge and awareness of the movements they were making (i.e., internal focus) (Poolton et 

al., 2006). However, a growing body of research (see Wulf, 2007a) suggests that motor 

performance and acquisition are facilitated not by an internal focus, but by an external focus of 

attention. 

One such study that attempted to define the proper attentional focus for optimal learning 

and performance was conducted by Wulf et al. (1998). Wulf et al. (1998) examined learning and 

performance on a ski simulator using different instructional sets designed to draw attention to or 

away from skill execution. One set of instructions, which were used to induce an internal focus 

(i.e., the movement of the body), required participants to pay attention to the movements of their 

outer foot as it exerted force on a ski simulator. A second instructional set, which was used to 

induce an external focus (i.e., the effects of one’s movement on the environment) required 

participants to pay attention to the movement of the ski simulator itself. Finally, a third group of 

participants were given no attentional focus instructions. Results revealed that the external focus 

group showed greater improvements in learning and performance (increased movement 

amplitude) on the ski simulator task compared to both the internal and control conditions. 

Follow-up retention tests also revealed that the immediate advantages of performing under 

external focus were relatively robust over the retention period.     

In a similar study, Wulf et al. (1999) examined the relative effects of learning a golf pitch 

shot under internal or external focus of attention. Novice golfers were taught a golf pitch shot 

while adopting either an internal focus, in which golfers were to focus on the movements of their 

arms, or an external focus, in which golfers were to focus on the movements of the golf club. 

Results indicated that during initial practice, golfers who adopted an external focus showed 

significant increases in performance (i.e., shots ending up nearer the target) compared to golfers 

who adopted an internal focus. Additionally, a follow-up retest revealed that the performance of 

the external focus group remained well above the performance of the internal focus group. 

Although external focus has been demonstrated to support better performance across a 

variety of skill levels, there exist some inconsistencies regarding novice performance and 

internal focus. Specifically, some studies have found increased novice task performance while 

adopting an internal focus (e.g., Beilock et al., 2004a; Castenada & Gray, 2007; Gray, 2004). To 

account for this relationship, these authors have suggested that an internal focus allows novices 

to consciously control movements, which is more consistent with how movements are controlled 



 

 5 

during early stages of skill acquisition (e.g., Fitts & Posner, 1967). During the early stages of 

learning, novices are suggested to have not yet acquired the appropriate motor control structures 

to allow automatic modes of control, and thus more conscious modes of control are required. 

Currently, it is unclear what accounts for the apparent discrepancy in findings regarding 

attentional focus and novice performance.  

One potential incongruity may relate to methodological differences relating to what 

constitutes as “external” focus. For instance, Beilock et al. (e.g., Beilock et al., 2002a; Beilock et 

al., 2002b) has equated external focus to mean environmentally focused. That is to say that 

external focus (i.e., environmentally focused attention or non-skill focus) is attention to anything 

in the environment not directly related to the execution of the movement (Castaneda & Gray, 

2007). In contrast, a second group of researchers (e.g., McNevin et al., 2003; Wulf et al., 2001a; 

Wulf et al., 2001b), have done extensive research on external focus as attention directed to 

external action effects (i.e., the effects one’s body movements have on the environment). In other 

words, an external focus in this account would be on the resulting consequences of the 

movement’s impact on the external environment (e.g., the golf ball rolling in the hole; the tennis 

ball leaving the racquet and flying over the net; the path of the baseball bat being swung). The 

difference in the way “external” focus is defined in the literature may represent a source of 

incongruity in the findings regarding novice performance and external focus. While mixed 

results have been found regarding novice performance, the findings pertaining to the benefit of 

external focus for skilled performers have been more consistent (see Table 1). 

Focus on movement effects or distraction from internal focus? While initial research 

(e.g., Wulf et al., 1998; Wulf et al., 2002; Zachry et al., 2005) indicated that external focus 

benefited performance relative to internal focus, the question remained, “what constituted the 

most advantageous external focus?” To this extent, it was unclear whether external focus 

benefited performance by directing focus to the effects of one’s movements on the environment, 

or simply because it distracted the performers’ attention away from task execution (i.e., internal 

focus).  

To address this issue, Wulf and McNevin (2003) examined performance on a 

stabilometer platform under different attentional foci. The primary question of interest was 

whether an external focus benefits performance more than a focus which simply distracted 

performers from focusing on skill execution. More specifically, participants were randomly 
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assigned to one of four groups: internal focus (focus on feet), external focus (focus on markers 

on the stabilometer platform), non-relevant focus (participants verbally shadowed a story 

replayed to them while balancing), and a control condition (no focus instructions). Focusing on 

the platform markers constituted an external focus because the movement of the markers was a 

direct result of the orientation of the balance platform. Results indicated that stabilometer 

performance, as indicated by root-mean-square-error (RMSE), was significantly better during 

both practice and retention tests for performers in the external focus group only. The results are 

in line with previous research (e.g., Wulf et al., 1999), which suggests an external focus produces 

better learning and performance than an internal focus. Furthermore, participants in the external 

focus group performed better than performers who were required to verbally shadow the story 

while balancing. These findings suggest that merely preventing performers from focusing on 

their movements is not enough to replicate the advantage of adopting an external focus. Thus, 

focus on the effects of one’s movements on the environment (i.e., external focus) is more than 

just preventing a return to internal focus.  

While the above study is suggested by Wulf and McNevin (2003) to be evidence of the 

fact that a movement effect focus is more beneficial than a non-skill focus, it cannot be ruled out 

that the difference in performance was a result of differences in task demands (focusing on a 

marker or verbally shadowing a story) rather than focus of attention. To reduce the discrepancy 

between task demands, Castaneda and Gray (2007) explored this same issue while employing a 

dual-task methodology in which the demands placed on the participants were more equivalent 

across task conditions. Specifically, Castaneda and Gray (2007) investigated whether an 

environmentally/irrelevant focus (i.e., identifying the pitch of a tone as either “high” or “low”) or 

an external focus on the action’s intended effect (e.g., identifying the direction of the ball leaving 

the bat as either “high” or “low”) produced the biggest advantage for baseball batting 

performance. Results from the study revealed that experts benefited most (i.e., exhibited the 

greatest reductions in mean temporal swing error) from external attention directed to the effects 

of their movements on the environment (in this case, the baseball leaving the bat), as opposed to 

an irrelevant external focus. Thus, the results are in line with the findings of Wulf and McNevin 

(2003), and suggest that focus on movement related effects to be the most advantageous external 

focus. 
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 Effect of distance on external focus. Finally, research on attentional focus has highlighted 

an interesting trend regarding the benefit of external focus (e.g., Bell & Hardy, 2009; McNevin, 

Shea, & Wulf, 2001). Specifically, the advantage of external focus appears to be enhanced by 

increasing the distance between one’s external focus and body (Wulf & Prinz, 2001). The more 

distal or remote the point of one’s external focus, the greater the advantage that the external 

focus provides (Bell & Hardy, 2009). Towards this end, McNevin et al. (2001) examined 

performance on a balance task in which participants were instructed to focus on markers attached 

to the balance platform at varying distances. Specifically, one group of participants were 

required to focus on markers located near to the feet of the participants, while two other groups 

of participants were required to focus on markers located further away (far-inside and far-

outside) from the feet of the participant. In each case, the participants were instructed to focus on 

keeping the markers horizontal while facing straight ahead. After two days of practice, retention 

tests revealed that participants in groups that focused on distal markers (i.e., far-inside and far-

outside condition) demonstrated more effective balance performance (reduced RMSE) compared 

to the group required to focus on more proximal markers. 

Similarly, Bell and Hardy (2009) examined performance on a golf chip during internal 

(focus on motion of arms), proximal external (focus on position of clubface during swing), and 

distal external conditions (focus on the flight of the ball after impact). Consistent with previous 

studies (e.g., Wulf et al., 1998; Wulf et al., 1999), external (both proximal and distal) produced 

more accurate outcomes (i.e., shots ending up nearer the target) compared to internal focus. 

Additionally, the distal external focus produced significantly more accurate performance 

compared to the proximal external focus. Furthermore, the advantage of the distal external focus 

remained intact even during conditions of increased anxiety.  

 To account for the effect of distance on external focus, Wulf and Prinz (2001) suggested 

that a more distal external focus may be more distinguishable from the body compared to a 

proximal external focus. In other words, focusing on the movement of the golf club is more 

likely to incorporate or transition into focus on the movement of the hands and arms (i.e., 

internal focus). In contrast, focusing on the flight of the ball after impact is less likely to conjure 

an internal focus on the hands and arms. However, this interpretation needs to be viewed 

cautiously, as previous research (e.g., Wulf & McNevin, 2003) indicates that the benefit of 

external focus is not primarily due to preventing a return to internal focus. Thus, accounting for 
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the added benefit of a distal external focus by suggesting it decreases the likelihood of returning 

to an internal focus is questionable. Consequently, more research is needed to distinguish the 

mechanisms underlying the differential affect of distance on external focus.   

 Time relevance of external focus. In the course of elucidating the key findings regarding 

the allocation of attentional resources, a potentially important characteristic of external focus 

needs to be highlighted. As previously noted, external focus represents a specific focus on the 

effects of one’s movements on the environment (i.e., outcome effect). Focusing on the effects of 

a movement can be both simultaneous to the unfolding of the movement or represent a future 

outcome state. For example, an external focus in which the movement effect occurs 

simultaneously to the unfolding of the movement might be a focus on the movement of the golf 

club during the swing (e.g., Bell & Hardy, 2009; Wulf & Su, 2007), movement of the wheels on 

a ski simulator (e.g., Wulf et al., 1998), or markers placed on a stabilometer platform (e.g., Wulf 

et al., 2001). In each case, the object of focus exists and occurs simultaneously with the 

production of the movement.  

In contrast, other examples of external foci found in research require attention directed to 

a future outcome of a completed movement. For example, an external focus on a movement 

effect occurring after the movement might be the direction the ball travels after leaving the bat 

(e.g., Castenada & Gray, 2007) or the flight path of a golf ball after impact (e.g., Bell & Hardy, 

2009). To the knowledge of the author, no research has been undertaken to distinguish the 

relative benefits of an external focus that occurs simultaneously or after the movement which 

brings about the effect. To this extent, both types of external focus have been found to facilitate 

performance. However, examining such a distinction may provide more insight to the differential 

effects associated with a proximal and distal external focus. For instance, in the Bell and Hardy 

(2009) study, the proximal external focus represented attention directed to the movement of the 

clubhead, whereas the distal external focus was directed toward a future state in time (i.e., the 

flight of the ball after contact). Additionally, distinguishing between the time relevance of the 

external focus may help in unlocking the mechanisms underlying the beneficial effect of external 

focus. To this extent, focus directed towards a future state seems to invoke notions of internally 

generated representations or memory recall.  

 Summary. In the past decade, a substantial amount of research has been devoted to 

elucidating the impact of attentional focus on motor learning and performance (see Wulf, 2007a). 
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A review of findings suggests that an external focus represents the most advantageous allocation 

of attentional resources. Furthermore, external focus is indicated to be most effective when it is 

directed towards the remote effects of movements on the environment. While considerable 

research has repeatedly demonstrated the robust effects of external focus (see Table 1 for a 

summary of studies), the underlying mechanisms which account for these benefits are less clear 

(Poolton et al., 2006). Initial attempts at explaining the effects of external focus have largely 

been based upon an information-processing perspective (Wulf, 2007b). More recently, a 

constraints-led perspective has offered an alternative framework in which to consider the 

findings associated with an external focus of attention (Davids et al., 2008). Both information-

processing and constraints-led perspectives on external focus are expounded upon next. 

Current Theoretical Perspectives on External Focus Effects 

 To account for the advantages of focusing externally on movement effects, two main 

perspectives have been forwarded: (a) common-coding and (b) attunement to environmental 

affordances. Most prominent, external focus effects have largely been interpreted from an 

information-processing framework (Wulf, 2007b). Based on this framework, Prinz’s (1990) 

theory of common-coding has been proposed as a possible explanation for the advantage of an 

external focus. Davids (2007), however, suggests that findings from external focus research can 

be reinterpreted from a constraints-led perspective. More specifically, external focus is stated to 

aid performance by facilitating attunement to affordances in the environment. In order to more 

fully delineate the distinction between the two accounts, each perspective is reviewed. 
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Table 1  

 

Summary of Focus of Attention Studies 

   Groups/Conditions  

Study Task Participants External Internal Skill-Focused 

Non Skill-

Focused Control Results 

Castenada & Gray 

(2007) 

Simulated 

Baseball 

Batting 

Novices (8) 

Experts (8) 

• Environmental/

External – focus 

on ball leaving 

bat 

• Environmental/I

rrelevant – Tone 

monitoring 

 • Skill/Internal – 

Focus on 

movement of 

hands at tone  

• Skill/External – 

Focus on 

movement of 

bat at tone 

  • Experts – Batting performance 

was significantly better during 

Env/External focus 

• Novices – Batting performance 

was significantly better during 

skill focus (both internal and 

external). 

 

Bell & Hardy (2009) Golf Pitch 

Shots 

Ability level 

distributed 

across all 

conditions 

(34) 

• Proximal 

External – focus 

on position of 

clubface 

• Distal External – 

focus on flight 

of ball 

Instructions to 

focus on arms 

and wrists 

  No specific 

instructions 

• Distal external focus produced 

the greatest accuracy. 

• Internal focus produced the 

least accurate performance. 

 

Wulf & Su (2007) Golf Pitch 

Shots 

Novices (30) 

Experts (6) 

Instructions to 

focus on motion 

of club 

Instructions to 

focus on arms 

  No attentional 

focus instructions 

• Training under external focus 

produced higher accuracy 

scores on a follow-up retention 

test compared to internal and 

control conditions for both 

novices and experts. 

 

Shea & Wulf (1999) Stabilometer 

Platform 

Novices (32) • No Feedback 

/External – 

focus on 

platform 

• Feedback/Exter

nal – same with 

concurrent 

feedback 

• No Feedback 

/Internal – 

focus on feet 

• Feedback/Int

ernal – same 

with 

concurrent 

feedback 

   • Both external focus of attention 

and feedback enhanced 

learning as measured by a 

delayed retention test without 

feedback. 

 

Zachry et al. (2004) Basketball 

Free Throw 

Low skill (14) Focus on basket Focus on wrist 

motion 

   • Free throw accuracy was 

greater when external focus 

was adopted compared to 

internal focus.  

• External focus was associated 

with reduced EMG activity of 

the biceps and triceps. 
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Table 1 (continued) 

 

Summary of Focus of Attention Studies 

   Groups/Conditions  

Study Task Participants External Internal Skill-Focused 

Non Skill-

Focused Control Results 

Wulf & McNevin 

(2003) 

Stabilometer 

Platform 

Novices (55) Instructions to 

focus on 

platform 

Instructions to 

focus on keeping 

feet level 

 Instructed to 

shadow a story 

replayed to 

them while 

balancing 

No attentional 

focus instructions 

• The external focus group 

indicated more effective 

balance learning than the other 

groups. 

• Suggests that external focus is 

more than just preventing 

learners from focusing on the 

task 

 

Wulf et a. (1998, 

Experiment 1) 

Ski Simulator  

 

Novices (33) Instructions to 

focus on 

wheels of 

platform 

Instructions to 

focus on feet 

   • External focus enhanced 

performance (increased 

movement amplitude) 

• External focus improved task 

retention 

 

Wulf et al. (1998, 

Experiment 2) 

Stabilometer 

Platform 

 

Novices (16) Instructions to 

focus on 

platform 

Instructions to 

focus on feet 

   • External focus improved 

performance on a retention 

test 

 

Wulf et al. (1999) Golf Pitch 

Shots 

Novices (22) Instructions to 

focus on 

clubhead 

Instructions to 

focus on arms  

   • External focus improved 

performance during both 

practice and retention 

 

Wulf et al. (2001a) Stabilometer 

Platform 

 

Novices (28) Instructions to 

focus markers 

placed in front 

of feet 

Instructions to 

focus on feet 

   • External focus improved 

balance and better retention of 

balance 

• Majority of performers 

preferred external focus 
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Common-Coding Theory 

 Traditional accounts for the advantage of external focus rest on key ideas from cognitive 

psychology, such as information-processing, automaticity, and ideomotor principles (Kunde, 

Koch, & Hoffmann, 2004; Peh, Chow, & Davids, in review; Wulf, 2007b, Zentgraf & Munzert, 

2009). In this regard, external focus is noted to improve performance by impacting the cognitive 

processes that underlie skill execution, namely by cueing associated sensorimotor representations 

related to a desired outcome (Kunde, Kock, & Hoffman, 2004). The basis for this account 

originates from the ideomotor principle (IMP), which can be traced back over 150 years (e.g., 

Harleβ, 1861; James 1890; Lotze, 1852). However, due to the rise of behaviorism in the first part 

of the 20
th

 century, notions of voluntary and internal mechanisms as acceptable explanations of 

behavior fell out of favor (Hoffmann, Stoecker, & Kunder, 2004; Koch, Keller, & Prinz, 2004). 

Only in the past 10 to 15 years, has the tenants of ideomotor theory reemerged as a viable 

account for anticipatory control of behavior (Hoffmann et al., 2004). According to IMP, humans 

move in order to produce an effect in the environment (i.e., action effect) (Koch et al., 2004; 

Kunde et al., 2004). As such, IMP states that actions (i.e., body movements) are always tightly 

coupled to representations of their ensuing effects (Ford, Hodges, Huys, & Williams, 2006; Wulf 

& Prinz, 2001). Furthermore, the strong association between an action and its ensuing effect is 

stated to be bi-directional. Consequently, once the association becomes established through 

extended practice, the anticipation of an action’s effect will have the power to call forth and 

initiate the action that led to it (Ford et al., 2006, Ford, Hodges, & Williams, 2007; Keller et al., 

2006).  

In order to more formally account for the bi-directional link between movements of the 

body and the anticipated perceivable movement effects, Prinz (1990, 1997) postulated a common 

representational medium through which afferent and efferent information is coded and stored 

(i.e., common-coding theory). According to the common-coding theory, which is based on the 

tenants of IMP, perception and action are coded and stored in terms of efferent and afferent 

commands at a distal level of representation (i.e., intended outcome) (Prinz, 1990, 1997). As 

such, actions are coded in terms of the perceivable effects they should produce in the 

environment (Castaneda & Gray, 2007). Thus, sensorimotor representations of action contain not 

only pre-structured efferent commands, but also the anticipated afferent information pertaining to 

the impact of the action. Moreover, the anticipation of an action’s effect can be used to 
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automatically (i.e., outside the level of awareness) cue the associated action-effect representation 

(i.e., sensorimotor representation), which brings about the desired motor execution. As such, 

action effects (e.g., sensory effects of the action) are thought to play an important role in the 

planning and production of actions (Ford et al., 2007). Consequently, external focus is believed 

to aid performance through triggering associated motor codes that automatically generate and 

bring about the desired movement and effect. 

 Action effects have also played prominent roles in other theories of motor control, most 

notably the closed-loop theory of control proposed by Adams (1971). According to this account, 

normal movement is governed by continuous comparison of current afferent information (i.e., 

sensory/action effects) arriving during the movement itself with a central representation of 

sensory feedback (i.e., reference of correctness) stemming from prior successful movements 

(Abernethy et al., 1994; Abernethy & Sparrow, 1992). The current afferent information is 

compared to the representation of a goal state, and in turn, any deviation, or error, is computed 

and used to further refine movements. In this instance, action effects or sensory information 

plays a corrective or evaluative function (Koch et al., 2004). However, “the role of 

representations of response effects in ideomotor theory is not to evaluate and correct a response, 

but rather to facilitate or generate a response” (Koch et al., 2004, p. 364).  

 Original conceptions of IMP were based largely on introspection, and thus empirical 

support was scarce (Kunde et al., 2004). However, recent work with response-effect (R-E) 

compatibility is providing the broad empirical validity needed for serious consideration 

(Hoffmann et al., 2004). According to Kunde et al. (2004), in order to provide evidence for the 

tenants of IMP, it must be shown that “sensory action effects actually play a role in the mental 

representations of the action itself, and that therefore these effects become anticipated as part of 

the processes leading up to action initiation” (p. 88). To provide this evidence, R-E compatibility 

effects have been used to signal that anticipated effects impact the initiation, selection, and 

execution of the preceding behavioral response (Kunde et al., 2004). The logic of this method 

suggests that if action-effect representations become anticipated and cued prior to movement 

production, then these sensorial representations should exert a similar influence on movement 

production, as would a normal pre-response stimulus (Kunde et al., 2004). This is similar in idea 

to the notion of stimulus-response (S-R) compatibility. However, instead of a pre-response 
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stimulus priming a compatible response, the anticipation of a post-response effect is seen to 

prime a compatible response (i.e., R-E compatibility).  

 In terms of S-R compatibility, reaction times are faster when the stimulus and response 

set share common features (i.e., stimulus on the left results in a faster reaction time when the 

response is also on the left) (Fitts & Seeger, 1953). Compatible S-R assignments are thought to 

prime the correct answer due to commensurate coding between perception and action, while 

incompatible S-R assignments are believed to interfere with triggering the correct response. 

Kunde (2001) suggested that if action-effects representations are used to generate a response, 

then similar R-E compatibility effects should be observed.  

To examine this assumption, Kunde (2001) had participants produce a soft or firm key 

press on a force plate in response to a choice reaction test. Correspondingly, each key press 

produced either a soft or loud tone. In blocks in which the key presses predictably matched the 

resulting tone in intensity (i.e., soft touch and soft tone, firm touch and loud tone), reaction times 

were much faster. In contrast, during blocks in which the key presses did not produce predictably 

matched tones; the participants indicated decreased reaction times. The decreased reaction times 

during blocked conditions of predictable matched tone effects was interpreted as evidence for the 

influence of anticipated action-effect representations on the facilitation of response selection. 

Again, it must be noted that the effect (i.e., tone) was not present during the movement itself; 

therefore this suggests that the effect was anticipated prior to the movement. 

In another study, Kunde et al. (2004) took the R-E paradigm a step further. Although 

Kunde (2001) demonstrated that anticipated action-effects precede movement onset, it is unclear 

at which point the action-effect representations influence response planning (e.g., response 

selection, initiation, or execution). According to information-processing stage theory (see 

Schmidt & Lee, 2005), three stages can be envisioned between the presentation of a stimulus and 

the production of a response (i.e., stimulus identification, response selection, and response 

initiation). Generally, for S-R compatibility, the effect is associated with influence on the 

response selection stage (e.g., Adam, 2000; Sanders, 1980). Consequently, Kunde et al. (2004) 

hypothesized that since R-E compatibility effects function similarly to S-R compatibility, then 

the effects of R-E compatibility should be limited to impacting only response selection.  

In order to test this assumption, Kunde et al. (2004) adopted a similar approach to that of 

Kunde (2001). Similarly, participants were required to respond to a color stimulus (i.e., red or 
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green) with either a soft of firm key press (e.g., red stimulus = soft key press). As with the 

preceding study, the key presses were followed by a soft or loud tone. In conditions with 

compatible mapping, soft key presses were followed by soft tones, while firm key presses were 

followed by loud tones. For incompatible mapping conditions, soft key presses resulted in loud 

tones while firm key presses resulted in soft tones. Finally, pre cues were also utilized, which 

provided advanced knowledge of the upcoming stimulus (i.e., color of indicator). For half the 

trials, the pre cue gave advanced valid warning of the color of the upcoming stimulus. This 

advanced warning allowed participants to pre-plan the upcoming response. For the other half of 

the trials, the pre cue provided no indication of the upcoming stimulus. The reasoning behind the 

valid pre cue was that if the pre cue allowed the upcoming programmed to be selected in 

advance, then R-E compatibility effects should disappear if R-E effects work similarly by 

facilitating response selections. 

Results from the study produced three main findings. First, in trials where a valid cue was 

introduced, RTs were significantly faster. More importantly, however, for blocks in which R-E 

were compatible (e.g., soft key press and soft tone) RTs were significantly reduced. Again, this 

suggests that the anticipated action effects precede the onset of movement production. Finally, 

even for conditions in which a valid cue was presented ahead of the stimulus, a significant effect 

of R-E compatibility was still evident, although reduced. This finding suggests that action effect 

representations not only facilitate response selection, but it also influences response initiation. In 

trials in which the valid stimulus was presented, response selection would have already taken 

place, leaving only response initiation left to be influenced, as was the case. 

It is also important to note that the tones produced were completely irrelevant to the 

demands of the task. In other words, the tones were artificially created effects for the key 

presses, and would not normally be an intended consequence. For instance, an intended 

consequence of turning on a light switch would be that the light came on. However, an 

unintended consequence would be if a horn sounded every time a light switch was turned on. 

Nevertheless, the studies show that even an unintended consequence (e.g., tones produced after 

the key press) can become associated with a given response. Hoffmann et al. (2004) suggested 

that for an effect and action representation to become integrated, the attended effect only needs 

to be temporally related to the action.  
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The process of integrating actions and their subsequent effects also highlights another 

important point about sensorimotor representations. Research has shown that extended practice 

can lead to stronger associations between an effect representation and its anticipated perceptual 

consequences (e.g., Kunde, Hoffmann, & Zellmann, 2002). In fact, Keller and Koch (2008) 

found a positive relationship between the strength of R-E compatibility and levels of expertise. 

This point may be important for considering that external focus effects are the most pervasive for 

skilled participants (e.g., Beilock et al., 2002).     

To recap, an information-processing perspective has typically provided the framework to 

consider the advantages of an external focus. Specifically, IMP perspectives, such as common-

coding theory, have specified solid empirical foundations from which to account for the specific 

mechanisms underlying the allocation of attentional resources. From these accounts, external 

focus is suggested to aid performance by triggering associated mental representations and 

promoting automatic modes of control (e.g., Wulf & Prinz, 2001). In the terminology of IMP, 

external focus represents attention directed to the anticipated action effects. Consequently, the 

anticipation of an action’s effect is suggested to cue the associated sensorimotor representations, 

which have been developed through extended practice. Taken together, this perspective suggests 

a cognitive information-processing explanation for the benefits of external focus. 

Attunement to Affordances 

 While original accounts have forwarded a cognitive explanation of external focus, a more 

recent interpretation (see Davids, 2007) suggests that external focus promotes the self-

organization of dynamic properties, namely by facilitating attunement to affordances in the 

environment. Originating from concepts related to nonlinear dynamics and the ideas of Bernstein 

(1967), external focus is reconsidered in the context of dynamical interactions between 

performer, task, and environment.  

From a constraints-led perspective, motor control and coordination arise from the self-

organization of dynamic properties (i.e., bottom-up heterarchical motor control), and the tight 

coupling between perception and action. Fundamental to this perspective is the consideration of 

constraints in shaping emergent behavior. In terms of human movement, “constraints help shape 

the requisite movement responses and support the coordination of actions with respect to 

dynamic environments” (Davids et al., 2008, p. 34). Broadly considered, constraints can be 

either physical (e.g., muscle size and length) or informational (e.g., stemming from the 
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environment and the corresponding impact on perception and action) (Davids et al., 2008). 

However, most relevant for the reconsideration of the role of external focus is the extent to 

which informational or environmental constraints influence the self-organization of movements.  

Informational/environmental constraints refer to the qualities and variables relating to the 

environment, such as gravity, light, or surface texture. These environmental constraints represent 

key sources of information in the coordination and control of movement. Based on the work of 

Gibson (1979), perception of ongoing environmental information is necessary for task 

performance. This notion replaces the linear nature of sensory input and motor output, as put 

forth by early cognitive approaches (e.g., Adams, 1971). Instead, perception and action are 

described in a more circular relationship in which perception guides action, which in turn 

produces additional perceptual information that can be used to further attune motion (Buekers, 

Montagne, & Laurent, 1999; Savelsbergh, van der Kamp, & Rosengren, 2006). Thus, perception 

and action are both interdependent and interconnected resulting in a continuous perception-

action cycle (Buekers et al., 1999). Gibson (1979) states, “We must perceive in order to move, 

but we must also move in order to perceive” (p. 223).  

Central to this framework is the idea that the environmental information in the way of 

affordances (specifying information) can consistently and directly provide information relevant 

to motor coordination. More precisely, affordances or specifying information represents what a 

perceived set of environmental constraints offer a person in terms of movement opportunity 

relative to his/her body dimensions and action capabilities (Dicks, Davids, & Button, in review). 

Thus, one key to motor performance is being able to attune to the higher order invariant 

information (i.e., consistent sources of task-relevant information) in the environment which aids 

perception-action coupling. Such attunement provides constraints in the coordination of motor 

output (Beek, Jacobs, Daffertshofer, & Huys, 2003; Davids et al., 2008).    

Using a balance task, Lee and Lishman (1975) provided direct support for the coupling of 

perception and action. In their study, participants were required to stand in a purpose-built room 

in which the floor was fixed, but the walls and ceiling were allowed to move. Interestingly, Lee 

and Lishman observed that slowly moving the walls, which was unknown by the participants, 

produced postural sway in the direction in which the walls moved. In other words, if the walls 

were moving toward the participant, the participant would sway backwards. It was reasoned that 
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the postural sway represented compensation for perceived ego-motion (perception of one’s self 

in space) resulting from the changing optic flow.  

While attentional focus has not been a primary focus of investigation, proponents of a 

constraints-led perspective have recently provided a reinterpretation of the findings surrounding 

the impact of attentional focus (see Davids, 2007). Davids (2007) suggests that external focus is 

beneficial to performance because it facilitates the emergence of self-organizational processes to 

regulate task performance. Based on insight from Bernstein (1967), focus on the image of 

achievement (i.e., focus on movement effects to be achieved in the environment) helps direct the 

performer’s exploration of specifying information by framing (i.e., directing the search for) 

affordances relevant to task execution. Functionally, by directing performer’s exploration and 

identification of specifying information (i.e., attunement to affordances), external focus is 

suggested to facilitate perception-action coupling (Al-Abood, Bennet, Hernandez, Ashford, & 

Davids, 2002; Davids, 2007; Davids et al., 2008). From an ecological psychology perspective, 

external focus promotes the education of attention, which is considered as the ability to specify 

higher order invariant information (Beek et al., 2003). Ultimately, the specifying of 

informational constraints aids the self-organization of dynamic properties underlying task 

performance.  

While empirical support for this perspective on external focus is rather scarce (due to the 

relatively recent introduction of this account), some research has been alluded to as evidence for 

its account (e.g., Al-Abood et al., 2002). To support the claim that external focus aids the search 

for informational constraints in the environment, Al-Abood et al. (2002) conducted a study that 

examined novice participants performing a basketball free-throw task. Prior to performing the 

free-throw task, participants observed a video tape displaying an expert model demonstrating the 

skill. One group of participants were instructed to focus on the movement dynamics of the expert 

model and that this pattern of motion would facilitate performance, whereas, a second group was 

instructed to focus on movement effects (i.e., how the model scored the basket) and that the 

model’s movement was not important for scoring. As the participants were viewing the tape, 

visual search strategies were recorded for all performers. Results from the study indicated that 

participants in the movement effect (external focus) group improved significantly between pre-

test and post-test performance on the basketball task. Furthermore, visual search strategies of 

participants in the movement effect group indicated more time spent observing information 
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outside of the model’s body. The authors suggested that differences in outcome performance 

may be attributed to differences in sources of external information attended to by the 

participants. Specifically, the external focus instructions were suggested to have facilitated the 

pick-up of relevant sources of environmental information. Additionally, having spent less time 

observing movement dynamics of the model was suggested to have freed up the motor system to 

more optimally self-organize. However, the findings must be viewed with caution, as 

performers’ focus of attention was not examined during the actual performance. Thus, there is no 

way to ensure that participants adopted the focus strategies learned during the observation of the 

video. Furthermore, Wulf (2007b) has criticized the findings based on the vague verbal 

instructions given to the participants: “movement patterns” vs “how the model scored the 

basket.” Consequently, a call for more rigorous control on instructional strategies is warranted 

(Wulf, 2007b). 

Summary 

 The mechanisms underlying the advantage of external focus remain unclear (Poolton et 

al., 2006). To this extent, an information-processing account suggests that external focus aids 

performance by facilitating the selection and automaticity of skill execution (i.e., common-

coding theory). For example, in a free throw shooting task, a relevant external focus might be on 

the trajectory of the basketball going through the hoop. As such, focusing on this movement 

effect is stated to help trigger the associated mental representation containing the appropriate 

motor commands to bring about the desired perceptual outcome.  

In contrast, a constraints-led perspective suggests that external focus promotes self-

organization by facilitating the attunement to affordances in the environment. From this 

perspective, focus on the basketball going through the hoop frames the relevant affordances in 

the environment. For this task goal, the basketball rim may be an important source of specifying 

information. Particularly, the size and angle of the visual information on the retina may help 

constrain the particular movement solution to self-organize more successfully. Consequently, 

external focus clues the performer in on the appropriate affordances which aids perception-action 

coupling.  

External Focus and Movement Variability 

A further consideration in the distinction between the two approaches may be found in 

the degree to which each account would predict alterations in movement variability as a 
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consequence of adopting an external focus. Functionally, an information-processing account 

would suggest a decrease in trial-to-trial movement variability as a consequence of adopting an 

external focus of attention. In contrast, a constraints-led perspective might suggest that external 

focus would lead to increased variability, especially during the early stages of movement 

(Abernethy, Burgess-Limerick, & Parks, 1994). The basis for this distinction rests upon the 

differences in the motor control and learning theories (i.e., motor systems approach and action 

systems approach) from which the two perspectives are associated. 

Information-Processing and Movement Variability  

A fundamental hallmark of expertise is the ability to consistently reproduce superior 

performance (Ericsson, 2006). Traditionally, consistency of expert performance has been 

interpreted as evidence for well-defined mental representations and motor programs (Bootsma & 

van Wieringen, 1990; Handford, 2006). Motor programs which are refined through deliberate 

practice are believed to afford the performer the capacity to accurately reproduce movements. 

Consequently, consistencies in movements are interpreted as resulting from consistent motor 

programming (Franks, Weicker, & Robertson, 1985; Schmidt, 1975, 1982; Tyldesley & Whiting, 

1975). 

Subsequently, movements governed by well-defined motor programs/mental 

representations should exhibit increased consistency (i.e., decreased execution variability) in 

movement patterns (Harris, 2008). To this end, Abernethy et al. (1994) specifically state,  

The underlying notion here is that if well-learned actions are under the control of motor 

programs (as the cognitive view posits), then trial-to-trial variability in the execution of 

movement patterns should be small at the moment of movement pattern initiation and 

remain constant throughout the duration of the execution of the programmed action. (p. 

196) 

Resulting from this view, it is possible to establish assumptions regarding the potential 

relationship between attention and movement variability from an information-processing 

perspective for skilled participants. Necessarily following, if the functionality of attention, 

according to this view, is to cue and facilitate automatic modes of control governed by pre-

defined motor programs, then movement variability should be reduced under conditions 

promoting an external focus of attention compared to conditions which are not effectively 

primed or cued (e.g., internal focus, R-E incompatibility). In terms of “non-optimal” focus (i.e., 
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internal focus) trial-to-trial movement variability should be increased due to interference with 

automatic control process and increased noise in the motor system (Wulf, 2007b). This 

interpretation is supported by studies (e.g., Vance, Wulf, Töllner, McNevin, & Mercer, 2004; 

Zachry et al., 2005) which have found increased EMG activity associated with internal focus 

compared to an external focus. Wulf (2007b) states, “Unnecessary muscular activity or 

inefficient movement patterns are typically observed in movements that are controlled in a 

relatively conscious manner (internal focus), whereas reduced muscular activity, or greater 

movement efficiency, reflect a greater degree of automaticity (external focus)” (p. 289).    

 Furthermore, perceptual monitoring during execution is not required for rapid movements 

according to open-loop models of control and, as a consequence, trial-to-trial movement 

variability should remain consistent throughout the execution of the motion, as argued by 

Abernethy et al. (1994). More specifically, the level of trial-to-trial movement variability should 

remain consistent across the unfolding of the movement. As a result, according to this proposed 

relationship, external focus promotes stereotyped consistent movement patterns in which 

movement variability is seen as dysfunctional. 

Constraints-Led Approach and Movement Variability  

According to a constraints-led approach, performance is viewed as a complex interaction 

between biological systems comprised of numerous independent and interacting subsystems 

(Davids et al., 2008). From the interaction of these subsystems, order arises based on emerging 

dynamic properties and constraints. As such, movement variability is seen to play a functional 

role in obtaining consistent and superior performance. Functionally, variability is stated to allow 

adaptability and flexibility to the constraints of a dynamic environment (Davids et al., 2008). To 

this extent, even highly stable skills such as golf putting or rifle shooting have been shown to not 

contain a single optimal movement pattern (Ball, Best, & Wrigley, 2003; Fairweather, Button, & 

Rae, 2002). It is argued that the lack of common optimal movement pattern results from subtle 

differences in constraints (organismic, environmental, and task), which requires the skill to be 

adapted each time it is performed (Davids et al., 2008). 

In contrast, highly consistent and stereotypic movement patterns have been associated 

with disorders such as Parkinson’s disease and tardive dyskinesia (Jeng, Holt, Fetters, & Certo, 

1996; van Emmerik & van Wegen, 2000). In each case, movement problems have been 

associated with decreased variability in movement dynamics. The lack of functional movement 
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variability is stated to diminish the ability of the motor system to adapt to changes in the 

environment, thus impairing movement functioning (Jeng et al., 1996; van Emmerik & van 

Wegen, 2000).   

The functionality of movement variability has been observed in three primary ways 

within a constraints-led perspective. From a predominantly dynamical systems viewpoint, 

variability is beneficial for exploring the boundaries of stable movement coordination (Button, 

Davids, & Schöllhorn, 2006). Prior to phase transitions (alterations in coordinative dynamics due 

to changing constraints), variability can increase prompting the system to seek new more stable 

patterns of coordination. Thus, functional variability can act as a trigger or catalyst for changes 

in movement organization (Harris, 2008; Schmidt & Lee, 2005). Additionally, functional and 

compensatory variability has been observed at the microscopic level of analysis. As 

demonstrated by Arutyunyan, Gurfinkel, and Mirskii (1968), random fluctuations in one joint, 

can be compensated for by variation in an adjacent joint to bring overall stability at the 

macroscopic level of analysis.  

Perhaps most relevant to the study of attentional focus, functional movement variability 

can represent the continued attunement of the motor system to continuous perceptual 

information. Support for this contention has come from research examining the distribution of 

variability (both temporal and spatial) across repeated trials (e.g., Bootsma & van Wieringen, 

1990; Katsumata, 2007; Koenig, Tamres, & Mann, 1994). Bootsma and van Wieringen (1990) 

found that expert table tennis players exhibited high levels of trial-to-trial temporal variability at 

the initiation of a forehand drive, with reducing variability approaching paddle-ball contact. The 

distribution of variability across repeated trials has lead to the concept of “funnel-shaped” 

control (Davids, Handford, & Williams, 1994). To this extent, Abernethy, Burgess-Limerick, and 

Parks (1994) state, 

Conversely, if well-learned actions are controlled through a continuous cycling of 

perceptual and motor information, then between-trial variability should decrease over the 

duration of the action as the movement is continuously fine-tuned toward some goal-

directed endpoint. (p. 196) 

Returning to the role of attentional focus, a constraints-led perspective states that external 

focus is beneficial because it strengthens action-perception coupling through facilitating 

attunement to environmental affordances (Davids, 2007; Davids et al., 2008). External focus 
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functions to direct the performer’s exploration and identification of specifying information, 

which helps adapt movement coordination to changing environmental dynamics. Thus, it is 

reasonable to assume that in terms of movement variability, external focus may lead to increases 

in functional movement variability (i.e., funnel-shape control) because it aids the motor system 

in adapting to subtle changes in system constraints (e.g., subtle differences in initial conditions, 

body sway, physiological status, lighting, temperature, wind direction, different surfaces, etc). In 

contrast, conditions which do not support attunement and adaptability to environmental 

information (e.g., internal focus or non-skill focus presumably), movement variability should 

remain more consistent across the unfolding of the movement without the characteristic 

funneling of movement variability to some specified end point. 

 Examination of the influence of external focus on movement variability offers an 

additional vantage point from which to view the relationship between external focus and 

performance. To this extent, examining movement kinematics may highlight the underlying 

mechanisms accounting for the benefits of external focus (i.e., common-coding or attunement to 

affordances) (Ford et al., 2006; Maxwell & Masters, 2002). For example, whether movement 

dynamics result in increased or decreased variability as a function of attentional focus may 

indicate a more central (e.g., motor programs) or peripheral (e.g., dynamical systems) mode of 

control. As a result, investigating the interaction between attention and movement variability 

may help unearth the control mechanisms through which attentional focus impacts motor 

performance. 

Aims of the Present Study 

 While external focus has been repeatedly found to aid performance, no clear consensus 

has emerged as to the underlying mechanism responsible for the advantages of focusing on 

movement effects. As such, the present study was an attempt to delineate between the two 

predominant perspectives accounting for external focus effects. More specifically, whether 

external focus aids performance by influencing cognitive factors or whether external focus 

facilitates the attunement to environmental information was considered. Review of the two 

perspectives suggests key theoretical differences regarding the role of environmental information 

and movement variability. From these key distinctions, the theoretical underpinnings of the two 

perspectives can be examined. The foundation for the study was based on the extent to which 

environmental information utilized during movement plays a key factor in distinguishing the 
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effectiveness of external focus. From a constraints-led perspective, attunement to environmental 

information (i.e., affordances) during the course of action lies at the heart of the benefit of 

external focus. More specifically, external focus is seen to promote action-perception coupling 

during movement execution via directing the pickup of specifying information. It was expected 

that a disruption to the availability of environmental information (via disruption of visual 

information) during movement would negate the benefit of external focus and the ability to 

facilitate perception-action coupling. Consequently, relevant affordances would not be available 

to support the unfolding of movement production, which theoretically should result in decreased 

performance.  

In contrast, an information-processing perspective would not equally assume the 

cancellation of external focus effects when environmental information is limited during 

movement execution. From this perspective, external focus is stated to prime the appropriate 

sensorimotor representations prior to the execution of the movement itself. Consequently, 

removal of environmental information during movement execution should not disrupt 

performance. Stated differently, a constraints-led approach envisions the impact of external focus 

during movement execution through the online use of environmental information, whereas, an 

information-processing approach envisions the impact of external focus during movement 

planning (response selection and response initiation) via acquired action-effect representations. 

As such, the performance benefit associated with external focus should only be disrupted by the 

removal of environmental information if the mechanisms described by the constraints-led 

perspective are at work. In contrast, if the performance advantage associated with external focus 

remains intact in light of the removal of environmental information during movement execution, 

then support for the common-coding perspective would be garnered.  

Thus, the research question that this study was designed to address was “to what extent 

does limiting the availability of environmental information during movement execution negate 

the advantages of external focus?” To address this question, the present study examined 

performance on a golf-putting task while adopting either an external (i.e., movement effect 

focus), irrelevant (i.e., tone counting), or no instruction focus (i.e., control) under occluded and 

full vision. In addition to the external focus condition, an irrelevant focus condition was included 

in the present study for two main reasons. First, performance under an irrelevant focus will be 

used to confirm the advantageous effect of external focus relatively to a purely treatment effect. 
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Second, the comparison between an external focus and an irrelevant focus (i.e., non-skill focus) 

will be used to confirm the research (e.g., Castaneda & Gray, 2007; Wulf & McNevin, 2003), 

which suggests that focus on the effects of one’s movements on the environment is more 

beneficial than simply distracting a performer from focusing on movement technique.  

Hypotheses 

From a common-coding perspective, external focus was predicted to maintain 

performance advantages regardless of the availability of environmental information during 

performance. 

Thus, it was hypothesized that:  

1) Full Vision. Using full vision, participants in the external focus condition will outperform 

(i.e., increased # of putts made and reduced outcome variability) participants in the 

irrelevant and control conditions. Furthermore, no differences in outcome performance 

(i.e., # of putts made and outcome variability) will be exhibited between the control and 

irrelevant focus conditions. 

2) Occluded Vision. When vision is occluded, participants in the external focus condition 

will outperform (i.e., increased # of putts made and reduced outcome variability) 

participants in the irrelevant or control conditions. Furthermore, no differences in 

outcome performance (i.e., # of putts made and outcome variability) will be exhibited 

between the control and irrelevant focus conditions. 

From a constraints-led perspective, external focus was predicted to only maintain 

performance advantages when environmental information is made available during performance. 

Thus, it was hypothesized that:  

1) Full Vision. Under full vision, external focus will result in better performance (i.e., 

increased # of putts made and reduced outcome variability) relative to the irrelevant and 

control conditions. No differences in outcome performance (i.e., # of putts made and 

outcome variability) are predicted between the control and irrelevant focus conditions. 

2) Occluded Vision. During occluded vision, outcome performance (i.e., # of putts made and 

outcome variability) during external focus will be equivalent to performance during both 

the control and irrelevant focus conditions. No differences in outcome performance (i.e., 

# of putts made and outcome variability) are predicted between the control and irrelevant 

focus conditions. 
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A second aim of the study was to examine the relationship between kinematic variability 

under conditions altering in attentional focus. More specifically, the extent to which external 

focus increases or decreases movement variability was examined. 

The hypotheses are as follows: 

3) From a common-coding perspective, external focus will result in a general decrease in 

movement variability (i.e., reductions in the standard deviations of the X, Y, and Z movement 

coordinates) over the entire course of the putting stroke compared to the irrelevant and control 

conditions, regardless of visual condition. 

4) From a constraints-led perspective, external focus during full vision is predicted to result in 

increased movement variability (i.e., increases in the standard deviations of the X, Y, and Z 

movement coordinates) during the early portions of the putting motion (i.e., at the start of the 

forward swing), with decreased variability approaching impact compared to both the irrelevant 

and control conditions. 

4a) Under full vision, performance during the control and irrelevant focus condition will 

result in lower initial levels of variability (i.e., standard deviations of the X, Y, and Z 

movement coordinates) with a smaller decrease in variability approaching ball contact (e.g., 

consistent levels of variability over the course of the movement) compared to the external 

focus condition. 

4b) Under occluded vision, performance during the external, control, and irrelevant focus 

conditions will result in equivalent levels of movement variability across the putting stroke, 

and will reflect a smaller level of decrease in variability approaching ball contact compared 

to performance with vision.   
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CHAPTER 3 

 

METHOD 

 

 

Participants 

Thirty male participants (n = 10 each in control, external, and irrelevant focus conditions) 

were recruited to participate in the study. Participants consisted of experienced golfers with a 

United States Golf Association (USGA) handicap of ≤ 12 (MHandicap = 6.51, SD = 3.4). A 

handicap of 12 and below was selected to represent experienced golfers as only 35% of the male 

golfing population meets this standard (“Men’s USGA Handicap,” 2005). Golfers for this study 

were recruited from a local golf course and ranged in age from 29 – 69 (M = 47.93, SD = 14.37) 

with an average of 30.21 (SD = 13.75) years of golf experience. Participants were randomly 

assigned to one of three attentional focus conditions: control, external focus, and irrelevant focus. 

Furthermore, participants performed under both full and occluded vision. The order of the visual 

manipulation was counterbalanced across participants and conditions. No significant differences 

in age, skill level, or number of years playing golf existed for participants across treatment 

conditions (see Table 2). All participants provided informed consent indicating their willingness 

to participate in the study prior to participation. Additionally, all ethical procedures 

recommended by the university’s institutional review board were strictly followed. 

 

Table 2 

Distribution of participant demographics across attentional conditions. 

 

Variable Condition M SD F p 

      

Age Control 51.60 14.31 .580 .567 

 External 44.60 15.39   

 Irrelevant 47.60 14.03   

      

Skill Level (Handicap) Control 6.10 1.79 .489 .619 

 External 7.40 2.99   

 Irrelevant 6.05 4.88   

      

Years Playing Golf Control 35.33 14.09 1.232 .309 

 External    25.50 16.70   

 Irrelevant 30.33 8.92   
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Apparatus and Putting Measures  

Putting performance was examined according to outcome performance and movement 

variability. In order to measure outcome performance, a video camera was mounted directly 

above the putting surface. The lens of the camera was mounted above a simulated golf hole, 

facing down, in order to capture a top-down view of the final ball position in relation to the hole 

after each putt (see Figure 1). The simulated golf hole consisted of a thin white disc equal in size 

to a regulation golf hole (i.e., 4 and ¼ inches in diameter) placed upon the putting surface. The 

subsequent video footage of outcome locations was then digitized and analyzed via MaxTRAQ 

v. 2.08 and MaxMATEv. 3.6 software (Innovision Systems, Inc., 2002). Using the software, the 

final location of the ball after each putt was digitally marked (X and Y coordinates). Using the 2-

dimensional coordinates, subject-centroid radial error (SRE) and bivariate variable error (BVE) 

was calculated to distinguish the magnitude of outcome bias and consistency. Furthermore, the 

number of successful putts was recorded. 

 

 

Figure 1: Location of video camera and SAM PuttLab receiver unit relative to putting task. 

In order to examine movement variability, SAM Puttlab technology was utilized. SAM 

Puttlab is a high precision, ultra-sound based motion tracking system in which three ultrasound 
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transmitters are attached to the golf club and tracked in 3-dimensional space. During the putting 

stroke, the high frequency ultrasound transmissions are received by microphones housed in a 

receiver unit. The travel time of the ultrasound transmissions from the three emitters is 

subsequently used to calculate the exact position of the club in 3-dimensional space. The overall 

sampling frequency is 210 Hz (i.e., 210 data points per second). Prior to putting, the system was 

calibrated for ball position and target direction using a laser. The system generates a resolution of 

< 0.1 mm and 0.1 degrees (Marquardt, 2007). Furthermore, the data stream was smoothed to 

remove any inherent noise (random error) with a filter technique specifically designed for the 

analysis of kinematic movements (see Marquardt & Mai, 1994). 

Data derived from the SAM Puttlab consisted of 3-dimensional tracking data (i.e., X, Y, 

and Z coordinates over time) from three individual ultra sound transmitters placed on the shaft of 

the golf putter. The X, Y, and Z coordinates from the three transmitters were subsequently used 

to calculate the between trial movement variability of the putting stroke for each participant 

across task conditions.  

Task and Procedure 

Using a standard putter and ball, participants performed a series of golf putts on a 

practice golf green with a bent grass (Agrostis) surface. The putting task required participants to 

putt a golf ball to a target hole 10 feet (3.05 meters) away. The object of the task was to putt the 

ball as accurately as possible to the golf hole in order to simulate the act of real world golf 

putting.  

In order to manipulate and direct attentional foci, explicit verbal instructions were given 

to the participants prior to the experimental conditions. These verbal instructions drew largely 

from the research of Bell and Hardy (2009) and Wulf et al. (2000). Specifically, the verbal 

instructions were used to direct participants’ attention to one specific aspect of task performance. 

The use of verbal instructions to induce a particular focus of attention is considered an 

acceptable method of studying attentional focus (Castenada & Gray, 2007).  

Once the participants were informed of the task, the participants were allowed to make 5 

practice putts in order to familiarize themselves with the speed and slope of the green.  

Attentional Focus Conditions  

Control condition. Participants (n = 10) performing in the control condition were 

instructed to make as many putts as possible to a hole 10 feet (3.05 meters) away. Participants in 
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this condition were given no attentional focus instructions. The control condition involved 40 (k 

= 20 full vision, and k = 20 occluded vision) trials.  

External focus condition. Participants (n = 10) in the external focus condition were 

explicitly instructed to focus on the external effects of the putting stroke while attempting to 

make as many golf putts as possible. Specifically, they were instructed to focus on the “direction 

and speed of the ball rolling into the golf hole” after it has been struck by the putter. After 

completion of each putt, participants were then asked to estimate the final outcome of the putt 

relative to the hole. Requiring participants to report the envisioned outcome location was 

intended to help participants adhere to the appropriate focus of attention, while also producing 

more consistent task procedures with the irrelevant focus condition. Reminders of these 

instructions were given to the participants over the course of the condition. Participants in the 

external focus group performed 40 (k = 20 full vision, and k = 20 occluded vision) putts. 

Irrelevant focus condition. Participants (n = 10) in the irrelevant focus condition were 

instructed to perform a secondary tone counting task while making as many putts as possible. 

After participants took their stance over the golf ball, audible tones were produced by a computer 

at irregular intervals ranging from 900 to 1500ms. After completion of the putt, participants were 

then instructed to indicate the number of tones presented during performance. Participants in the 

irrelevant focus group performed 40 (k = 20 full vision, and k = 20 occluded vision) putts.  

Visual Occlusion and Knowledge of Results 

 Putting performance was conducted under full and occluded vision. Under full vision, 

participants were required to wear occlusion spectacles (Translucent Technologies, Toronto, 

Ontario, Canada, model PLATO P-1), which remained transparent during the putting stroke. In 

contrast, the occlusion spectacles became opaque and limited the use of visual information 

during movement in the occluded trials. More specifically, all participants regardless of visual 

condition were allowed to visually line up to the target. However, once the participants took their 

stance over the golf ball, the spectacles became opaque for participants during the occluded 

trials. Consequently, visual information was only limited during movement production. In 

addition, knowledge of results (KR) was removed for all participants regardless of visual 

condition. Removal of KR was implemented to limit the variability in the outcome and 

movement kinematics associated with corrections from one trial to the next. To remove KR for 
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the full vision condition, the occlusion spectacles became opaque 1.5 seconds after clubhead-ball 

contact and remained opaque until the outcome of the putt could be recorded. 

Post Experimental Manipulation Check 

After completion of each block of putting (e.g., visual trials or occluded trials), 

participants were administered a questionnaire designed to gauge the extent to which the 

participants adopted the attentional focus strategies (adapted from Bell & Hardy, 2009). To 

examine adoption of the attentional focus instructions, participants were asked to respond to the 

following question: Please, indicate which statement best reflects what you were thinking during 

performance? Response categories consisted of the following options: (a) movement/technique, 

(b) outcome/ball going in hole, (c) audible tones, (d) other. Additionally, the responses from 

each trial indicating either the outcome of each putt (external focus condition) or the total 

number of tones heard (internal focus condition) was used to examine adherence to the 

attentional focus manipulation.  

Statistical Analysis  

 To quantify outcome performance, the 2-D coordinates for the outcome location of each 

putt was recorded. From these measurements, the extent to which subjects differ on the X 

dimension, the Y dimension, or in the X and Y dimensions simultaneously as a function of 

attentional and visual conditions was analyzed. Consequently, each subjects’ centroid radial error 

(SRE) was subjected to a repeated measures analysis of variance (RM ANOVA) with visual 

condition (full and occluded) as a within-subjects (WS) factors and attentional condition 

(control, external, and irrelevant) as a between-subjects (BS) factor. To examine outcome 

consistency, participants’ bivariate variable error (BVE), as calculated by the square root of the k 

shots’ mean squared distance from their centroid (see Hancock, Butler, & Fischman, 1995), was 

subjected to a repeated measures analysis of variance (ANOVA) with visual condition (full and 

occluded) as a WS factor and attentional condition (control, external, and irrelevant) as a BS 

factor. Finally the number of putts holed (as calculated by the number of putts which rolled over 

a portion of the hole) was recorded. Differences in the number of putts holed was tested using a 

repeated measures analysis of covariance (RM ANCOVA) with vision as the within repeated 

factor, and attentional condition as the between-subjects factor using skill-level (i.e., handicap) 

as a covariate. 
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Three-dimensional movement variability was derived from the raw X, Y, and Z 

coordinates generated by SAM PuttLab. Calculated for each sample time point (every 50ms 

originating from the point of club-head-ball contact to the start of the forward stroke) across 

trials and conditions, subsequent standard deviations were derived for the X, Y, and Z 

coordinates from the three motion sensors separately. Each of the motion sensors separately 

produced unique X, Y, and Z coordinate data. Furthermore, due to differing lengths of the 

putting stroke, thus a different number of sample time points per stroke, polynomial 

interpolations to the 5
th

 order were utilized. The polynomial interpolations allowed for 

comparison of putts with a varying number of sample data points. From the raw data, each putt 

was interpolated to produce 5 sample data points beginning from the start of the forward swing 

to the point of club-head-ball contact. This procedure allowed for the comparison of movement 

trajectories of all putts based on percentile-equivalent movement times. To produce a single set 

of X, Y, and Z coordinates from the three motion sensors, the SDs for each sample data point 

was averaged across the respective axis of the three transmitters (i.e., X1, X2, X3; Y1, Y2, Y3; Z1, 

Z2, Z3). Finally, the subsequent interpolated SDs from the three dimensions (X, Y, and Z) were 

examined via a RM MANOVA consisting of time points and visual conditions (full and 

occluded) as WS factors, and attentional conditions (control, external, and internal) as a BS 

factor.   
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CHAPTER 4 

 

RESULTS 

 

 

Manipulation Checks 

 Non-parametric statistical tests (χ2
) revealed significant differences in reported attentional 

focus strategies across treatment conditions (see Table 3). Interestingly, the control group, which 

was given no attentional focus instructions, consistently adopted a technique/movement-related 

focus of attention. Specifically, when vision was available, 80% of the participants in the control 

group adopted a technique/movement-related focus, whereas, 100% of the control group 

participants adopted a movement-related focus when vision was occluded, χ2
(6,30) = 50.182, p < 

.001, and χ2
(6,30) = 44.667, p < .001, respectively. The majority of participants in the external 

focus condition, regardless of visual manipulation, reported adopting a focus on the outcome/ball 

going into the hole (90% and 70%, respectively). Finally, for the irrelevant focus condition, the 

majority of participants reported focusing on the audible tones during performance, regardless of 

visual manipulation (100% and 80%, respectively). These findings are taken to indicate that the 

participants focused as had been instructed.  

 

Table 3 

Response distribution for adopted attentional focus strategy across conditions. 

 

  Response Categories   

Block Condition Technique Outcome Tones Other χ2
 p 

Vision Control 80% 20% 0% 0% 50.182 p < .001 

 External 0% 90% 0% 10%   

 Irrelevant 0% 0% 100% 0%   

        

No Vision Control 100% 0% 0% 0% 50.000 p < .001 

 External 0% 70% 0% 30%   

 Irrelevant 20% 0% 80% 0%   
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 Additionally, the individual post trial responses for the irrelevant (i.e., number of tones 

heard) and external focus (i.e., predicted outcome location) conditions were examined as 

indicators of protocol adherence. For the irrelevant focus condition, a RM ANOVA identified a 

non-significant difference between the number of correct tones reported during blocks with and 

without vision, F(1,9) = .917, p > .05. Furthermore, a bivariate correlation between tone counting 

accuracy and the number of putts made indicated a non-significant relationship for both vision (r 

= .47, p = .163) and occluded vision (r = .12, p = .743). Consequently, tone-counting accuracy 

for vision (78%) and occluded vision (81.5%) did not differ. Likewise, tone-counting accuracy 

was not related to outcome performance.  

Post trial responses for the external focus condition (i.e., predicted outcome locations) 

were reported for 100% of all trials (both vision and no vision). No hypotheses were made as to 

the accuracy of the outcome predictions as an indicator of protocol adherence. It is likely that 

accuracy of outcome predictions (i.e., outcome error detection) is more of an indicator of task 

experience rather than level of external focus (e.g., Schmidt & White, 1972). Consequently, 

procedural adherence to predicting the outcome for every trial was used as an indicator of 

protocol adherence. 

In sum, results from the focus questionnaire, along with the post trial responses, suggest 

that participants generally adhered to the prescribed attentional focus instructions.    

Outcome Performance 

 From a common-coding perspective, the first hypothesis stated that the external focus 

condition would outperform the control and irrelevant focus conditions with regards to the 

number of putts made and the level of outcome variability, regardless of the availability of vision 

during performance. Alternatively, if the mechanisms underlying the advantage of external focus 

are in accordance with the constraints-led perspective, then it was predicted that the advantage 

associated with external focus would only be evident during trials with vision. To examine these 

hypotheses, the impact on both the number of putts made and the variability in outcome locations 

was tested. 

 Number of putts made. Putting performance as indicated by the number of putts made 

was tested using a RM ANCOVA with vision as the within repeated factor and attentional 

condition as the between-subjects factor using skill-level (i.e., handicap) as a covariate. Table 4 
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presents the mean number of putts made for each condition, and the results for the RM 

ANCOVA are presented in Table 5. 

 

Table 4 

Estimated marginal means of the number of putts made across visual and attention conditions, 

controlling for skill-level. 

 

 Vision  No Vision 

Condition M SD  M SD 

Control 5.05 4.90  6.02 4.25 

External 12.55 4.95  12.39 4.29 

Irrelevant 8.60 4.90  6.99 4.25 

  

 

Table 5 

RM ANCOVA results for number of putts made using vision as a WS factor and condition as a 

BS factor. 

 

Effect Wilks’ λ F df p η2
 

Condition  7.33 2, 26 .003 .361 

Vision .97 0.76 1, 26 .392 .028 

Condition by Vision .93 0.95 2, 26 .399 .068 

 

 

Results from the RM ANCOVA indicated a significant (p < .05) main effect for 

condition, F (2, 26) = 7.33, p = .003, η2
 = .36 (see Figure 2). Pairwise comparisons revealed that 

participants made significantly more putts during the external focus condition (M = 12.47, SE = 

1.30) compared to both the control (M = 5.54, SE = 1.29) and irrelevant task condition (M = 

7.80, SE = 1.29), (p = .001; Mi – Mj = 6.93, d = 1.69) and (p = .018; Mi – Mj = 4.67, d = 1.14), 

respectively. Furthermore, the RM ANCOVA revealed non-significant effects of vision (p = 

.392) and condition by vision interaction (p = .399) (see Figure 2). Consequently, the inclusion 

or exclusion of vision during performance did not impact the number of putts holed. These 

findings support the proposed hypotheses from the common-coding perspective, which 

suggested that external focus would maintain performance advantages regardless of the 

availability of visual information during performance. 
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Figure 2: Average number of putts made across vision and attentional focus conditions. 

 

 

Consistency and bias in outcome locations. Along with the number of putts holed, the 

consistency and bias in the pattern of outcome locations, as indicated by bivariate variable error 

(BVE) and subject-centroid radial error (SRE) was examined. The mean distances (in inches) for 

BVE and SRE are presented in Table 6. Table 7 presents the results from the RM ANOVA for 

both BVE and SRE.   

 

Table 6 

Descriptive statistics for BVE and SRE across vision and attentional conditions. 

 

  Vision  No Vision 

Measure Condition M SD  M SD 

BVE       

 Control 10.76 1.90  11.23 3.19 

 External 10.11 3.32  13.08 2.29 

 Irrelevant 11.78 3.61  12.34 3.47 

SRE       

 Control 40.97 20.72  26.21 16.26 

 External 32.77 12.60  20.50 12.74 

 Irrelevant 40.34 14.52  26.16 13.99 
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Table 7 

RM ANOVA results for BVE and SRE using vision as a WS factor and condition as a BS factor. 

 

Measures Effect Wilks’ λ F df p η2
 

BVE       

 Condition  0.48 2, 27 .626 .034 

 Vision .87 4.18 1, 27 .051 .134 

 Condition by Vision .90 1.59 2, 27 .223 .105 

SRE       

 Condition  0.87 2, 27 .430 .061 

 Vision .54 23.44 1, 27 .000 .465 

 Condition by Vision .995 0.07 2, 27 .932 .005 

 

  

For consistency in outcome locations (i.e., BVE), the RM ANOVA produced only a 

strong trend towards significance for a main effect of vision, F (1, 27) = 4.18, p = .051, η2
 = .13 

(see Table 7). Closer inspection revealed that performance with vision trended towards 

producing a tighter pattern (M = 10.89, SE = .55) of outcome locations around the participant’s 

centroid, whereas when vision was occluded, the pattern of outcomes was slightly more 

dispersed (M = 12.21, SE = .55; ES = -.44) (see Table 6).  

 BVE, as a measure of consistency, is considered useful for two-dimensional error scores 

because the approach yields results independent of potentially arbitrary axes (see Hancock et al., 

1995). However, for two-dimensional data such as the end position of a golf putt, an X and Y-

axis could potentially be important due to its indication of direction and distance. Consequently, 

consistency in outcome location was further deconstructed to reveal the degree of variance in 

both the X (longitudinal variability; related to distance) and Y (lateral variability; related to 

direction) dimension. Specifically, standard deviations for the X and Y dimension were 

separately tested using RM ANOVAs with vision as a WS factor and attentional condition as a 

BS factor. Results for the RM ANOVAs for the X and Y dimension are presented in Table 8.   
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Table 8 

RM ANOVA results for XSD and YSD using vision as a WS factor and condition as a BS factor. 

 

Variable Effect Wilks’ λ F df p η2
 

XSD       

 Condition  0.33 2, 27 .724 .024 

 Vision .82 5.95 1, 27 .022 .181 

 Condition by Vision .92 1.23 2, 27 .308 .083 

YSD       

 Condition  3.67 2, 27 .039 .214 

 Vision .94 1.46 1, 27 .238 .051 

 Condition by Vision .95 0.68 2, 27 .516 .048 

 

  

Two significant effects were obtained relative to the standard deviations in the X and Y 

dimensions. For variability in the X dimension (i.e., distance of the putt), a significant main 

effect of vision was revealed, F (1, 27) = 5.95, p = .022, η2
 = .18 (see Figure 3). During trials in 

which vision was available, participants were more consistent (M = 14.37, SE = .77) in terms of 

distance control compared to when vision was occluded (M = 16.70, SE = .77; ES = -.55). For 

variability in the Y dimension (i.e., direction of the putt), a significant main effect of condition 

was revealed, F (2, 27) = 3.67, p = .039, η2
 = .21 (see Figure 4). Pairwise comparisons revealed 

that participants in the external focus group produced significantly less lateral dispersion 

compared to the irrelevant focus condition (p = .013; Mi – Mj = -3.55, d = -1.61). No other 

significant differences were revealed between the groups.  

 

 
Figure 3: Mean SD values for longitudinal outcome (X dimension) errors across visual 

conditions. 
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Figure 4: Mean SD values for lateral outcome variability across attentional focus conditions. 

 

 

 As an indicator of outcome bias, SRE represents the radial distance of a participant’s 

centroid from the target (e.g., hole) (see Hancock et al., 1995). Examination of SRE using a RM 

ANOVA revealed a significant main effect of vision, F (1, 27) = 23.44, p = .000, η2
 = .465 (see 

Table 7). Performance during trials with vision produced a larger radial error (M = 38.03, SE = 

2.98) than conditions with occluded vision (M = 24.29, SE = 2.63; ES = .89) (see Figure 5). No 

other significant effects were revealed. 
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Figure 5: Mean SRE values for trials with and without vision. 

 

 

 Like BVE, SRE was further deconstructed to examine the average bias (i.e., constant 

error) in the X and Y dimension separately. Specifically, the constant error (CE) for X and Y 

dimension were separately tested via RM ANOVAs using vision as a WS factor and attentional 

condition as a BS factor. Results for the RM ANOVAs for the X and Y dimension are presented 

in Table 9. 

 

Table 9 

RM ANOVA results for the CE of X and Y using vision as a WS factor and condition as a BS 

factor. 

 

Variable Effect Wilks’ λ F df p η2
 

XCE       

 Condition  0.91 2, 27 .413 .063 

 Vision .53 23.64 1, 27 .000 .467 

 Condition by Vision .99 0.01 2, 27 .989 .001 

YCE       

 Condition  0.01 2, 27 .994 .001 

 Vision .89 3.29 1, 27 .081 .109 

 Condition by Vision .98 0.26 2, 27 .773 .019 

 

 

 For CE in the X dimension, the RM ANOVA only produced a significant main effect of 

vision, F (1, 27) = 23.64, p = .000, η2
 = .467. During performance with vision (M = 37.09, SE = 
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2.92), participants produced a larger constant error in terms of distance control than when vision 

was occluded (M = 21.68, SE = 3.01; ES = .95) (see Figure 6). In practical terms, when vision 

was available, on average participants hit the putts more firmly. For CE in the Y dimension, no 

significant effects were revealed. Analysis of the bias in the X and Y dimension individually 

suggests that the main effect of vision for SRE was primarily due to an effect on the bias in the X 

dimension (e.g., distance beyond the hole).    

 

 
Figure 6: Mean of constant error values for trials with and without vision in the X dimension. 

 

 

Overall, findings from the consistency and bias of outcome locations suggested that 

vision had the largest impact on the final outcome positions. An effect of experimental condition 

was only indicated for the consistency of lateral error (SD of the Y dimension). Due to the lack 

of any condition by vision interactions, the hypothesized predictions from the constraints-led 

perspective were not supported. However, only partial support of the predictions of the common-

coding perspective was found. Performance during external focus resulted in decreased lateral 

outcome variability irrespective of the availability of vision, thus offering support for the 

common-coding perspective. However, this finding was only found for one of the consistency 

and bias measures. All other measures did not indicate an effect of condition, thus offering no 

support for either set of hypotheses. 
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Movement Trajectory Variability 

 The second aim of the study was to examine the relationship between kinematic 

variability under conditions altering in vision and attentional focus. More specifically, from a 

common-coding perspective, it was hypothesized that external focus would result in a general 

decrease in movement trajectory variability (i.e., reductions in the standard deviations of the X, 

Y, and Z movement coordinates) over the entire course of the putting stroke compared to the 

irrelevant and control conditions, regardless of visual condition. In contrast, it was hypothesized 

from a constraints-led perspective that compared to the irrelevant and control conditions, 

external focus during full vision would result in increased movement variability (i.e., increases in 

the standard deviations of the X, Y, and Z movement coordinates) during the early portions of 

the putting motion (i.e., at the start of the forward swing), with decreased variability approaching 

impact. Furthermore, under occluded vision, it was predicted that performance during all task 

conditions would result in equivalent levels of movement variability across the putting stroke, 

and would reflect a smaller level of decrease in variability approaching ball contact compared to 

performance with vision. In order to test these predictions, a RM MANOVA consisting of time 

points (5) and visual conditions (full and occluded) as WS factors, attentional conditions 

(control, external, and internal) as a BS factor, and the interpolated SDs from the three 

dimensions (X, Y, and Z) as the dependent variables was utilized. 

 Multivariate effects. Multivariate tests indicated three significant effects. First, the 

multivariate null hypothesis for equality of means across visual conditions for all variables was 

rejected at the 0.01 level, F (3, 24) = 7.14, p = .001, η2
 = .472. Second, the multivariate null 

hypothesis for the equality of means across time was rejected, F (12, 15) = 21.45, p = .000, η2
 = 

.945. Finally, the multivariate null hypothesis for the time by condition interaction was rejected, 

F (24, 30) = 2.40, p = .012, η2
 = .657. In order to identify the dependent variables, which resulted 

in the rejection of the multivariate null hypotheses, individual univariate RM ANOVAs were 

conducted for each of the dependent variables. 

 Univariate effects. Table 10 displays the results of the univariate RM ANOVAs. Due to 

violations of sphericity, the Greenhouse-Geisser adjustment to df and significance was 

employed.  
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Table 10 

RM ANOVA results for the 3-dimensional kinematic data. 

 

Variable Effect GGms F df p η2
 

XDimension       

 Condition  0.24 2, 26 .790 .018 

 Vision 112.17 5.10 1, 26 .033 .164 

 Time 594.69 29.39 1.2, 31.5 .001 .531 

 Condition by Vision 14.55 0.66 2, 26 .525 .048 

 Condition by Time 116.12 5.74 2.4, 31.5 .005 .306 

 Vision by Time 33.94 5.11 1.6, 40.7 .016* .164 

 Condition by Time by Vision 6.28 0.95 3.1, 40.7 .430 .068 

YDimension       

 Condition  1.30 2, 26 .290 .091 

 Vision 96.92 17.56 1, 26 .001 .403 

 Time 66.00 55.46 1.2, 31.5 .001 .681 

 Condition by Vision 4.65 0.84 2, 26 .442 .061 

 Condition by Time 2.66 2.23 2.4, 31.5 .115 .147 

 Vision by Time 0.05 0.09 1.5, 37.7 .854 .003 

 Condition by Time by Vision 0.09 0.16 2.9, 37.7 .921 .012 

ZDimension       

 Condition  0.33 2, 26 .722 .025 

 Vision 17.43 14.53 1, 26 .001 .358 

 Time 40.41 56.03 1.2, 30.6 .001 .683 

 Condition by Vision 1.70 1.42 2, 26 .260 .099 

 Condition by Time 1.48 2.05 2.4, 30.6 .140 .136 

 Vision by Time 0.09 .30 1.4, 36.9  .661 .012 

 Condition by Time by Vision 0.17 0.56 2.8, 36.9 .638 .041 
* Although the p-value for the XDimesnion Vision by Time effect is significant (p = .016), the overall multivariate 

group effect was non-significant; therefore, according to principles of protected testing, this is not a significant 

result. 

 

  

The univariate results for the variability in the X dimension (i.e., lateral variability) 

produced three significant effects (p < .05). First, a main effect of vision was identified, GGms = 

112.17, F (1, 26) = 5.10, p = .033, η2
 = .164. When putting with vision, participants produced 

less overall lateral variability per time point (M = 11.07, SE = .49) than when putting with 

occluded vision (M = 12.31, SE = .51; ES = -.49) (see Figure 7). Second, the univariate results 

indicated a main effect of variability over time, GGms = 594.69, F (1.2, 31.5) = 29.39, p = .000, 

η2
 = .531. From the start of the forward swing until impact, the degree of lateral variability 

linearly decreased, as evident by a significant linear function, F (1, 26) = 34.70, p < .001, ηp
2
 = 

.572. More importantly, however, the univariate analysis produced a significant interaction effect 
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for condition by time, GGms = 116.12, F (2.4, 31.5) = 5.74, p = .005, η2
 = .306. Visible inspection 

of this interaction is presented in Figure 8. Overall, movement trajectory variability tended to 

reduce as the club approached ball contact. However, differences are observed in the degree of 

change in variability over time between the three conditions. The interaction reveals that 

performance during the irrelevant condition produced the largest variability at the start of the 

forward swing, but also the least variability at contact. In contrast, performance during the 

control condition produced the least variability at the start of the forward swing, and the most 

variability at impact. Moreover, performance during the control condition indicated the least 

change in variability over time. Performance during the external focus condition produced a 

change in variability midway between the control and irrelevant focus conditions. 

 

 
Figure 7: Mean lateral variability (i.e., in the SD of X) for trials with and without vision. 
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* Time 1 indicates the point at the start of the forward swing, while Time 5 indicates the point of club-head ball 

contact. 

Figure 8: Mean standard deviations of lateral variability over time for the control, external, and 

irrelevant condition. 
  

 

 For movement variability in the Y dimension (i.e., longitudinal “in and out” variability), 

the univariate analysis produced two significant effects. First, a main effect of vision was 

identified, GGms = 96.92, F (1, 26) = 17.56, p = .000, η2
 = .403. When putting with vision, 

participants produced overall less variability (M = 5.16, SE = .29) than when putting with 

occluded vision (M = 6.32, SE = .22; ES = -.82) (see Figure 9). Furthermore, the univariate 

analysis indicated a main effect of time, GGms = 66.00, F (1.2, 31.5) = 55.46, p = .000, η2
 = .681. 

Similar to the reductions in variability over time for the X dimension, reductions in the 

longitudinal dimension decreased linearly approaching club-head-ball contact, F (1, 26) = 60.76, 

p < .001, ηp
2
 = .700 (see Figure 10).  
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Figure 9: Mean longitudinal variability values (i.e., in the SD of Y) for trials with and without 

vision. 

 

 

 
* Time 1 indicates the point at the start of the forward swing, while Time 5 indicates the point of club-head ball 

contact. 

Figure 10: Means of longitudinal variability (SD) over time.  
 

 

 Finally, the univariate analysis for the Z dimension (i.e., horizontal variability) produced 

two significant effects. Like the Y dimension, the RM ANOVA for the Z dimension produced a 

significant main effect for vision, GGms = 17.43, F (1, 26) = 14.53, p = .001, η2
 = .358. When 
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putting with vision, participants produced overall less variability (M = 2.40, SE = .11) than when 

putting with occluded vision (M = 2.89, SE = .13; ES = -.75) (see Figure 11). Additionally, a 

main effect for time was revealed, GGms = 40.41, F (1.2, 30.6) = 56.03, p = .000, η2
 = .683. A 

significant cubic function represented the best model fit to the change in variability over time, F 

(1, 26) = 131.91, p < .001, ηp
2
 = .84. A visual inspection of the change in variability over time 

indicates that movement variability reduced over the course of the motion up until clubhead-ball 

contact (see Figure 12).  

 

 
Figure 11: Means of horizontal movement variability (i.e., in the SD of Z) for vision and no 

vision trials. 
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* Time 1 indicates the point at the start of the forward swing, while Time 5 indicates the point of club-head ball 

contact. 

Figure 12: Means of horizontal variability (SD) over time.  

 

Overall, examination of movement trajectory variability indicated a general decrease in 3 

dimensional movement variability from the start of the forward stroke up to the point of club-

head-ball contact. An effect of task condition (e.g., condition by time interaction) was only 

evident for variability in the X dimension. However, main effects of vision were evident across 

all three dimensions. Performance with vision produced significanlty less movement trajectory 

variability compared to trials in which vision was occluded. Finally, examination of movement 

trajectory failed to indicate a condition by vision interaction for any spatial dimension, 

suggesting that any impact of task condition was not mediated by the use of vision. Thus, the 

hypotheses derived from the constraints-led perspective were not supported. Additionally, the 

lack of movement consistency over time, along with the lack of a general decrease in movement 

variability contributable to an external focus did not support the predictions of the common-

coding perspective. 
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CHAPTER 5 

 

DISCUSSION 

 

 

Previous scientific research has indicated that the allocation of attentional resources can 

play a vital role in securing optimal performance (e.g., Wulf, 2007a). Specifically, an external 

focus directed towards the effects of one’s movement on the environment has been shown to 

promote superior performance in experts (Castaneda & Gray, 2007). While focus of attention has 

been shown to be vital to both learning and motor performance, the mechanisms through which 

external focus benefits performance remain unclear (Poolton et al., 2006). Early accounts posited 

an information-processing perspective to explain the advantages of an external focus (e.g., 

common-coding theory; Wulf & Prinz, 2001). More precisely, external focus was stated to 

trigger predefined sensorimotor representations associated with a desired outcome (Kunde et al., 

2004). In contrast, a more recent perspective (i.e., constraints-led perspective) has emerged 

which challenges the notion of predefined action-effect representations, and suggests that 

external focus aids performance through facilitating action-perception coupling (Davids, 2007).  

A key distinction between the two approaches may be found in the extent to which each 

account predicts the use of visual information as a mediating mechanism underlying external 

focus effects. From a common-coding perspective (e.g., Wulf & Prinz, 2001), external focus 

triggers action-effect representations prior to action execution with no recourse to the role of 

visual information (Kunde et al., 2004). In contrast, the constraints-led perspective presupposes 

that external focus aids attunement to environmental information, thus facilitating action-

perception coupling (Davids et al., 2008). Consequently, attunement to environmental 

affordances via visual information during movement execution is fundamental to the benefit 

associated with external focus from this perspective. Therefore, in order to delineate between the 

two perspectives, the present study examined the extent to which visual information mediates the 

advantage of external focus. To further distinguish between the two approaches, the interaction 

between attention and movement variability was also examined. 

Outcome Performance 

 The primary aim of the present study was to determine whether the availability of visual 

information impacts outcome performance during external focus. To this end, two sets of 

hypotheses were proposed, one set of hypotheses from the common-coding perspective and one 
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set from the constraints-led approach. From the common-coding perspective, participants in the 

external focus condition were predicted to outperform participants in both the control and 

irrelevant focus conditions regardless of the availability of visual information during movement 

execution. In contrast, from the constraints-led perspective, performance during external focus 

would only be advantageous during trials when vision was made available. In order to determine 

the impact of external focus on outcome performance, both the number of putts made and the 

consistency and bias in outcome locations was tested. 

 Number of putts made. Results of the present study supported the set of hypotheses from 

the common-coding perspective. Specifically, regardless of the availability of visual information, 

performance during the external focus condition resulted in consistently superior performance 

compared to the control and irrelevant focus group (see Figure 2). This finding is consistent with 

a growing body of research that suggests external focus promotes superior performance in skilled 

performers (see Wulf, 2007a for a review). Furthermore, the current findings support the 

growing evidence that focus on the effect of one’s movement in the environment is the most 

advantageous form of external focus (e.g., Castaneda & Gray, 2007; Wulf & McNevin, 2003).  

Early research (e.g., Beilock et al., 2002a; Beilock et al., 2002b) suggested that the 

benefit attributable to external focus was due in part to preventing a focus on the movement 

dynamics and technique underlying a skilled action (i.e., internal focus). As such, any focus that 

prevented an internal focus (e.g., counting backwards) was suggested to benefit performance 

(Beilock and Gray, 2007). However, Wulf and colleagues (e.g., McNevin et al., 2003; Wulf et 

al., 2001a; Wulf et al., 2001b) proposed that the benefits associated with external focus are not 

merely due to preventing an internal focus, but rather because it directs attention towards the 

anticipated movement effects in the environment. Consequently, external focus defined as focus 

on “movement effects” as opposed to “non-skill” focus should produce the largest benefit to 

performance. Findings from the present study supported this contention. Participants in the 

external focus condition (i.e., focus on the effects of the movement on the environment) 

significantly outperformed participants in the irrelevant tone counting condition (i.e., non-skill 

focus).  

To account for the benefits associated with focus on movement effects, Prinz’s (1990) 

theory of common-coding has been proposed (Wulf & Prinz, 2001). The basis for this account 

originates from principles derived from ideomotor theory (e.g., Harleβ, 1861; James 1890; Lotze, 
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1852). Prinz (1990, 1997) postulated a common representational medium through which afferent 

and efferent representations are bi-directionally linked (i.e., action-effect representations). Due to 

the bi-directional link between afferent and efferent representations, the anticipation of an 

action’s effect can be used to prime the associated action representation, which brings about the 

intended motor execution. As such, it is believed that external focus is functional because it helps 

conjure the appropriate action-effect representations that bring about the intended outcome (Wulf 

& Prinz, 2001).    

Based on the current perspective, it was further hypothesized that no performance 

differences would emerge between the control and irrelevant focus condition. While results 

indicated a non-significant difference in the number of putts made between the control and 

irrelevant focus conditions, it is interesting to note that the irrelevant focus condition on average 

made almost two and a half more putts than the control condition. As stated previously, early 

research examining the impact of external focus suggested that the benefit was associated with a 

prevention of internal focus (e.g., Beilock et al., 2002a; Beilock et al., 2002b). To this extent, 

some evidence has been produced to support the benefit associated with a “non-skill” focus (e.g., 

Beilock et al., 2004a). Furthermore, it is also interesting to note that when participants in the 

current study were given no attentional focus instructions (i.e., control group), they almost solely 

adopted a movement/technique related focus (i.e., internal focus). Based on findings from 

previous studies (e.g., Beilock et al., 2004; Castaneda & Gray, 2007) and the current study, it is 

likely that a non-skill focus is beneficial to some degree because it helps prevent an internal 

focus of attention. However, a non-skill focused attention does not have the added benefit of 

triggering pre-established sensorimotor representations as with an external focus of attention.      

While external focus retained performance advantages above both the control and 

irrelevant conditions when vision was unavailable, it is also important to note that performance, 

without vision, was retained relative to when vision was available. A lack of impact on 

performance as a result of the removal of visual information has been claimed to support the 

notion that performance is mediated via mental representations (Basevitch, 2009; Ford et al., 

2006; Harris, 2008). To this extent, extended practice is claimed to result in more efficient and 

refined representations, which place less demands on sensory information during movement 

execution (Hill, 2007; Hodges, Huys, & Starkes, 2007; Robertson, Collins, Elliott, & Starkes, 

1994). In the present study, all participants had considerable experience with the act of golf 
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putting, and thus expected to have acquired well-defined mental representations. Consequently, 

these internal representations are assumed to have supported performance when vision was 

occluded. This interpretation is consistent with an information-processing and common-coding 

account of external focus, whereas the constraints-led perspective does not equally posit internal 

representations in the control of movement (Beek et al., 2003; Davids et al., 2008). Thus, this 

finding provides further evidence against a constraints-led perspective regarding the control of 

motor movements.  

Consistency and bias in outcome. Along with the number of putts made, the consistency 

and bias in the outcome locations was examined to determine the impact of external focus on 

outcome performance. From a common-coding perspective, external focus was predicted to 

result in decreased spatial variability of the outcomes regardless of the availability of visual 

information. However, from a constraints-led perspective, external focus was predicted to 

indicate reduced outcome variability only when vision was made available.  

In contrast to the number of putts made, the consistency and bias in outcome locations 

did not fully support either of the hypothesized predictions. An effect of vision had the most 

prevalent impact on outcome locations. Specifically, performance with vision resulted in reduced 

outcome variability (i.e., reduced BVE). The reduction in variability was mostly confined to 

reduction in longitudinal variability (i.e., reduced variability in the speed in which the putts were 

hit) (see Figure 3). This finding is likely attributable to one of two causal factors. First, actions 

that involve making contact with surfaces often require visual regulation (Craig, Delay, Grealy, 

& Lee 2000). Consequently, the inability to accurately regulate impact, due to the removal of 

vision, could have resulted in increased force variability at impact; thus, leading to an increase in 

outcome variability, as in the present findings. Second, it could also be the case that the 

increased outcome variability (when vision was removed) may reflect novel task constraints 

imposed upon the act of putting. At the present moment, it is unclear which mechanism is 

accounting for the increased variability in the outcome when vision is removed, however, the 

analysis of movement variability may better highlight the underlying mechanism. 

Additionally, an effect of vision was found to impact the bias in the outcome of the putts.    

Specifically, when vision was occluded, participants on average hit the ball with less force, as 

evident by reduced SRE and CE in the longitudinal bias (the ball ended up less far past the hole). 

It may be the case that participants were less confident putting without vision due to the novel 
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task constraints, and thus produced more timid strokes. However, this difference ultimately did 

not manifest itself in the number of putts holed. 

Although consistency and bias in outcome locations was largely unaffected by task 

conditions, one effect did emerge related to lateral variability (i.e., reduced variability in the Y 

dimension, see Figure 4). More specifically, participants in the external focus condition produced 

significantly less lateral variability compared to the irrelevant focus condition. Furthermore, this 

effect was irrespective to the availability of visual information, thus alluding to support for the 

common-coding perspective. However, no differences between the control and external focus 

condition were revealed, suggesting that differences in lateral variability did not account for the 

differences found in the number of putts made.    

While the number of putts made indicated a clear effect of external focus, similar effects 

on consistency and bias in outcome locations were largely absent. This lack of findings may be 

attributable to two main causes. First, one of the strengths and weaknesses of the present study 

was that it was conducted on an actual golf-putting surface. During pilot testing, it was observed 

that putting on an artificial golf green produced a groove or channel in the surface after a number 

of putts. As a result, the putts would not deviate off line even when they were poorly struck. To 

account for this shortcoming, the present study was conducted on a real golf green. While this 

eliminated the channeling effect found in the artificial surface, putting on a real green introduced 

more variations in the putting surface (e.g., sand, grain of the grass, etc.), which can alter the 

trajectory of the putt. To account for these natural variations in the putting surfaces, golfers have 

developed a strategy of hitting putts with more force so the ball is less susceptible to being 

deviated from its intended course. As the ball slows in velocity, it becomes more susceptible to 

imperfections in the green. In practical terms, golfers tend to hit putts with enough velocity to 

end 12 to 18 inches past the hole so that the ball is less likely to be deflected by imperfections in 

the green prior to reaching the hole (Pelz & Frank, 2000). Consequently, the implications for 

examining bias and consistency in outcomes are that a large degree of variability in the final 

locations is due to imperfections in the green, and not variability in the underlying motor 

movement. The variability introduced by the putting surface masks the variability associated 

with the putting stroke. In regards to the number of putts made, this variability is less of a factor 

due to the ball traveling with enough velocity as it reaches the hole to not be affected by the 

variations in the green. 
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 Second, consistency and bias in outcome locations are not good indicators of putting 

quality. Unlike darts, in which better performance is indicated by the relative closeness to the 

bulls-eye, in golf putting, a putt that stops 2 inches short of the hole is of lesser quality than a 

putt that would roll 10 inches by if the hole were not in the way (Pelz & Frank, 2000). 

Incidentally, neither average bias nor consistency of outcome locations can indicate the number 

of putts made. For instance, a group of putts may be highly consistent but routinely miss left of 

the hole. Ultimately, the best indicator of putting performance is simply “how many putts were 

made?” 

Movement Variability 

 The second aim of the present study was to explore the relationship between trial-to-trial 

movement variability and alterations in attentional focus. In addition to outcome performance, 

adopting a process-oriented approach can potentially offer important methodological and 

theoretical insight. From a methodological standpoint, merely examining outcome performance, 

and failing to consider the associated changes in the underlying movement kinematics may limit 

understanding of the impact that attention can have on performance. Alone, outcome 

performance may be too insensitive to detect all changes associated with alterations in the 

allocation of attentional resources (Pijpers, Oudejans, Holsheimer, & Bakker, 2003). 

Furthermore, investigating the linkage between attention and movement variability can have 

important theoretical implications. Currently, the research supporting the role of external focus is 

based largely on measures of outcome performance. While changes in outcome performance 

resulting from alterations in attentional focus have been well documented, the underlying 

mechanism through which attention impacts performance is unclear (Poolton et al., 2006). In this 

regard, examination of movement variability may function as more than just an operational 

measure, but rather as a construct of theoretical importance (Davids & Button, 2000). 

Functionally, examining movement kinematics may be able to highlight the control strategies 

underlying performance (Ford et al., 2006; Maxwell & Masters, 2002). 

 In the present study, examination of the relationship between attentional focus and 

movement variability resulted in three main findings. First, examination of movement trajectory 

variability indicated a significant change in variability over the course of the putting stroke. 

Specifically, early in the forward swing, 3-dimensional movement variability was elevated, but 

decreased as the club-head approached ball contact (see Figures 8, 10, & 12). Typically, a 
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funnel-like expression of variability toward an end point has been taken to infer actions regulated 

by perceptual information (Button, MacLeod, Sanders, & Coleman, 2003). 

 Similar descending trends in trial-to-trial movement variability have been observed in 

sports such as long jump, triple jump, and table tennis (Davids, Glazier, Araújo, & Bartlett, 

2003). However, most closely related, Koenig, Tamres, and Mann (1994) observed similar 

changes in the variability of ground force productions during a golf swing. Regardless of skill 

level, Koenig et al. found increased variability at the initiation and midpoint of the downswing, 

followed by decreased variability through impact. Davids et al. (2003) suggested that the 

descending trends reflect an apparent “zeroing-in” phase indicative of both inherent and 

functional movement variability. The reduction in variability at impact is stated to represent a 

continued attunement of the motor system to continuous perceptual information and 

environmental constraints (Davids et al., 2008). In the case of the current study, the decrease in 

movement variability approaching ball contact would be suggested to reflect use of perceptual 

information in functionally modulating the path of the golf swing. This interpretation is 

consistent with a constraints-led account of motor coordination and control (Davids et al., 2008).  

 However, there are reasons to question this interpretation of the findings. First, if the 

decrease in variability approaching ball contact was due to continued attunement to perceptual 

information, then when vision was removed, the decrease in variability should be greatly 

reduced. However, results indicated no impact of vision on the rate at which variability reduced 

approaching ball contact (i.e., non-significant vision by time interaction). Consequently, a more 

likely explanation to the systematic reduction in movement trajectory variability approaching 

ball contact is the inherent constraints and dynamics involved in the skill of golf putting. For 

example, the point at which the club-head contacts the golf ball occurs at the bottom of the swing 

arc. This point also represents the point where gravitational force and centrifugal force are 

maximized. Consequently, the path of the swing is likely more constrained due to gravitational 

forces at this point, which could account for the reduced variability at impact.  

 While the role visual regulation played in the reductions in variability over time is 

questionable, results suggest that vision did play a role in reducing total variability during the 

putting stroke. The second main finding from the movement variability data indicates that when 

vision was occluded, participants displayed higher levels of movement variability over the 

course of the entire putting stroke (see Figures 7, 9, 11). Since the availability of vision did not 
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impact the rate at which variability decreased (thus a lack of evidence for the online use of visual 

information), it is difficult to attribute the source of the increased variability during conditions 

without vision. However, two explanations seem plausible. First, if the putting stroke is governed 

by sensorimotor representations (as seems to be the case from the outcome data), then 

information gained via visual perception prior to movement execution is used to set the 

parameters of the underlying motor program (Schmidt, 1975). While vision was available for all 

conditions during movement preparation, it is still plausible that when vision was removed just 

prior to movement execution, this had an impact on the parameterization of the motor program. 

A second plausible explanation may be that putting without vision introduced novel tasks 

demands, and thus the increased variability was associated with performing the golf putt in a 

manner different than normally performed. Although the occlusion of vision was associated with 

an increase in total variability, it must be noted that the lack of vision did not impact the total 

number of putts made. Consequently, the increase in movement variability was within allowable 

tolerances to maintain task performance.     

 Finally, movement variability results from the present study indicated a significant 

interaction effect of condition by time on the variability in the X dimension (lateral variability) 

(see Figure 8). At the start of the forward swing, performance during the irrelevant condition 

produced the largest variability, followed by the external and control condition respectively. 

However, at impact, performance during the irrelevant condition produced the most consistent 

levels of variability, followed by the external and control condition respectively. Consequently, 

performance during the irrelevant focus condition indicated the largest decrease in variability 

over the course of the putting stroke. In contrast, performance during the control condition 

produced the least change in variability over the course of the putting stroke. 

 The movement variability profiles exhibited by the different attentional conditions did 

not support either of the hypothesized predictions from the two perspectives. From a common-

coding perspective, external focus was predicted to result in a general decrease in movement 

variability over the entire course of the putting stroke compared to the irrelevant and control 

conditions, regardless of the availability of vision. In contrast, from a constraints-led perspective, 

external focus during full vision was predicted to result in increased movement variability during 

the early portions of the putting motion (i.e., at the start of the forward swing), with decreased 

variability approaching impact compared to both the irrelevant and control conditions. 
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Additionally, it was predicted that during trials when vision was occluded, performance during 

the external, control, and irrelevant focus conditions would result in equivalent levels of 

movement variability across the putting stroke, and would reflect a smaller level of decrease in 

variability approaching ball contact compared to performance with vision. However, the current 

findings do not support the contention that the availability of visual information altered the 

extent to which attention affected movement variability. 

 The alterations to the movement variability profiles resulting from the impact of attention 

mirror closely the findings of Land (2007). Similarly, Land (2007) observed increased movement 

variability during the first part of the putting stroke when participants adopted either a “relevant 

external focus” or a “non-relevant focus” compared to a control group. As in the current study, 

the degree of variability was also shown to reduce up until the point of club-head-ball contact. 

Furthermore, the degree of variability during the non-relevant focus (i.e., random letter 

generation) condition was significantly higher than during the relevant external focus condition 

during the first part of the putting stroke. Like in the current study, however, the relevant 

external focus condition outperformed both the control and irrelevant focus conditions. In both 

studies, performance during external focus produced superior results while also exhibiting 

variability levels in between the control and irrelevant focus conditions (e.g., moderate levels of 

variability).  

 According to Stergiou, Harbourne, and Cavanaugh (2006), moderate levels of movement 

variability may represent health and functionality in a biological system. To this extent, a 

decreased variability may result in a biological system becoming too rigid. In contrast, too much 

movement variability may make the system noisy and unstable. Therefore, there may exist an 

optimal level of movement variability required for superior performance. In terms of the present 

study, performance during the external focus may have resulted in more optimal levels of 

movement variability compared to the other two conditions. For instance, performance during 

the control condition resulted in higher levels of variability at impact, which may have been 

indicative of increased noise and instability in the system. In contrast, the reduced levels of 

variability during the irrelevant focus condition may have been indicative of an increased 

rigidity. While Stergiou et al.’s (2006) suggestion of optimal levels of movement variability fits 

with the results of the present study, it is difficult to assess a priori what represents “optimal” 

levels of variability. Consequently, this proposal offers little in the way of predictive power.    
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Limitations and Future Directions 

 The lack of support for either of the two sets of hypotheses regarding movement 

variability may reflect a methodological issue concerning how movement variability was 

measured. Specifically, movement variability represented deviations in the trajectory of the golf 

club over repeated trials. Variations in the trajectory of the golf club were subsequently assumed 

to infer variations in the underlying motor movements. However, without tracking the actual 

positions and angles of the body, it is unclear how closely the variability in the trajectory of the 

golf putter mirrored variability in the motor system. Furthermore, merely examining golf club 

trajectory makes it impossible to infer the degree of compensatory variability between adjacent 

segments of the body, which can play a critical role in understanding movement variability 

(Button et al., 2006; van Emmerik & van Wegen, 2000). Consequently, only examining the 

trajectory of the golf club may not paint an accurate picture of the variability inherent in the 

motor system, and thus occlude any subsequent impact of attentional focus. To overcome this 

limitation, future studies should examine the kinematic variability of the golfer rather than the 

trajectory variability found in the golf club. 

 Another limitation of the current study was that it did not directly test the assumptions of 

common-coding theory. In order to distinguish between a common-coding perspective and a 

constraints-led perspective, the current study adopted the approach of examining differences in 

the prediction of the use of visual information during performance. While the results are largely 

in favor of the common-coding perspective (e.g., supported by the outcome results), the results 

themselves do not directly confirm the existence of action-effect representations. Largely the 

results support external focus effects mediated by cognitive processes prior to action execution. 

However, the exact nature of these processes is not illuminated by the current study. As a result, 

future studies could more directly address the specific mechanisms underlying a common-coding 

perspective.   

 Lastly, a limitation of the current study is that it did not assess the differences in 

cognitive demands between the external and irrelevant focus conditions. While differences in 

performance between the external and irrelevant focus conditions are assumed to be in regards to 

the focus of attention, it cannot be completely ruled out that the findings are due to differences in 

task demands. However, if the irrelevant task condition resulted in increased tasks demands, 

producing poorer performance, then it should be expected that the irrelevant focus condition 
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would have performed less well compared to the control condition. The comparable performance 

between the control condition, with relatively low task demands, and the irrelevant focus 

condition points to a benefit of external focus not associated with cognitive task demands. 

Nonetheless, future studies should incorporate methods to ensure equal task demands across 

conditions. 

Conclusions 

 While multiple perspectives have been forwarded to account for the advantage of external 

focus, the present study provides tenable support in favor of a common-coding explanation. To 

this extent, the constraints-led perspective, which suggests that external focus facilitates 

perception-action coupling, was not supported. Results of the study suggest that external focus 

impacts the cognitive processes underlying skill execution rather than the extent to which visual 

information is used to support performance. Although the current study does not provide final 

clarity as to the mechanisms underlying external focus, it does provide important directions from 

which to continue the search. As it stands, James (1980) does not seem to have been too far off 

when he argued over 100 years ago that actions are planned and controlled by their intended 

effects. 
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APPENDIX A 

 

INFORMED CONSENT FORM 
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APPENDIX B 

 

DEMOGRAPHIC INFORMATION 

 

 

Participant ID # ________________ 

 

Age __________________        Gender __________________  

 

Golf Handicap _______________   

 

How many years have you been playing golf? _________________________ 
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APPENDIX C 

 

FOCUS QUESTIONNAIRE 

 

 

 
 

Putting Questionnaire 

 

With Vision 

 

1. Please, indicate (circle) which statement best reflects what you were thinking during the 

putting stroke: 

a. movement/technique 

b. outcome/ball going in hole 

c. counting tones  

d. other ______________________________________________  

 

 

 

Without Vision 

 

2. Please, indicate (circle) which statement best reflects what you were thinking during the 

putting stroke: 

e. movement/technique 

f. outcome/ball going in hole 

g. counting tones  

h. other ______________________________________________  
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APPENDIX D 

 

HUMAN SUBJECTS APPROVAL 

 

 

Office of the Vice President For Research 

Human Subjects Committee 

Tallahassee, Florida 32306-2742 

(850) 644-8673 · FAX (850) 644-4392 

 

APPROVAL MEMORANDUM (for change in research protocol) 

 

Date: 2/18/2010 

 

To: William Land 

 

Address: 1575 Paul Russell Road # 4104 

Dept.: EDUCATIONAL PSYCHOLOGY AND LEARNING SYSTEMS 

 

From: Thomas L. Jacobson, Chair 

 

Re: Use of Human Subjects in Research (Approval for Change in Protocol) 

Project entitled: THE BENEFICIAL ROLE OF EXTERNAL FOCUS: COMMON-CODING 

OR ATTUNEMENT TO AFFORDANCES? 

 

The form that you submitted to this office in regard to the requested change/amendment to your 

research protocol for the above-referenced project has been reviewed and approved. 

 

Please be reminded that if the project has not been completed by 9/9/2010, you must request 

renewed approval for continuation of the project. 

 

By copy of this memorandum, the chairman of your department and/or your major professor is 

reminded that he/she is responsible for being informed concerning research projects involving 

human subjects in the department, and should review protocols as often as needed to insure that 

the project is being conducted in compliance with our institution and with DHHS regulations. 

 

This institution has an Assurance on file with the Office for Human Research Protection. The 

Assurance Number is IRB00000446. 

 

Cc: Gershon Tenenbaum, Advisor 

HSC No. 2010.4051 
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