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Abstrakt: 

Prvním cílem této disertační práce bylo ověření vlivu pozornostního zaměření instrukcí 

na motorický výkon v různých typech koordinačních úloh u dětí. Druhý cíl dizertační práce 

vycházel z předpokladu, že vidění a pozornost spolu úzce souvisí. Proto se práce zaměřila na 

ověření zrakových informací jako možného mechanismu účinků pozornostního zaměření na 

dovednostní výkon. S tímto cílem byly provedeny čtyři studie, které zahrnovaly soubory dětí 

a dospělých a byly založeny na intraindividuálním nebo interindividuálním srovnání. 

Výsledky ukázaly, že vnější zaměření pozornosti ve srovnání s vnitřním zaměřením 

pozornosti vede ke zvýšení pohybového výkonu v interceptivních motorických úlohách 

(např. chytání) u dětí, které se nacházejí v počátečních fázích učení (studie Ⅰ). Děti, které mají 

zkušenosti s gymnastikou, by mohly mít prospěch z vnějšího zaměření pozornosti ve srovnání 

s vnitřním zaměřením pozornosti v úlohách, které vyžadují projekci těla v prostoru a které 

nezahrnují náčiní pro provedení úlohy (studie Ⅱ). Současný výzkum ukázal, že mechanismy, 

které podmiňují výhodu vnějšího zaměření pozornosti, jsou nezávislé na zrakových 

informacích v diskrétních úlohách, které vyžadují projekci těla v prostoru (např. skoky) 

(studie Ⅳ). Současný výzkum také ukázal, že ačkoli jsou zrakové informace důležité pro 

úspěšný výkon v průběhu osvojování pohybových úloh spojených s projekcí předmětu (např. 

házení na cíl), vnější zaměření pozornosti bylo výhodnější než vnitřní zaměření v úlohách, 

zvláště když úloha užitá v transferovém testu je náročnější (studie Ⅲ). Výsledky studií v této 

dizertaci poskytují empirické důkazy o odlišných účincích instrukcí s vnějším a vnitřním 

zaměření pozornosti. 
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Abstract: 

The first aim of this dissertation was to examine the possibility of the influence of 

attentional focus instructions on motor performance in different types of coordinative motor 

tasks in children. Also, as vision and attention are closely related, the second aim of this 

dissertation was to investigate the role of vision as a possible mechanism underlying attentional 

focus effects. For these purposes, four studies were carried out on children and adults, using 

either within subject or between-within subject designs. The results showed that external focus 

is better than internal focus for enhancing motor performance in an interceptive motor task (e.g., 

catching) in children who were in the early stages of learning motor skills (study Ⅰ). In addition, 

children who had experience of gymnastics could benefit from external focus compared to 

internal focus of attention in body projection tasks that do not involve an implement for the 

execution of a task (study Ⅱ). Furthermore, the current research demonstrated that the 

mechanisms underlying the advantages of external focus of attention are independent of vision 

in discrete body projection tasks (e.g., jumping) (study Ⅳ). Moreover, the current research 

showed that although vision is important for successful performance during acquisition of an 

object projection motor task (e.g., throwing at a target), external focus of attention was more 

beneficial than internal focus especially when the task was more challenging in the transfer test 

(study Ⅲ). The findings of the studies within this dissertation provided empirical evidence on 

the different effects of external and internal focus of attention. 
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 Chapter 1 

 

1.1 Introduction 

1.1.1 Optimization of performance and learning of motor skills  

 

Researchers and practitioners who are faced with teaching movement skills have focused on 

understanding the potential variables that optimize the performance and learning of 

movement skills. Generally, movement skills can be learned and enhanced by practicing that 

particular movement skill (Schmidt & Lee, 2011). Besides practice, researchers have shown 

that intervention programs which manipulate the conditions of learning such as conditions of 

practice or nature of augmented feedback, i.e. feedback provided by an external source in 

addition to the individual’s inherent feedback, may also facilitate and optimize the 

performance and learning of various types of movement skills (Mass et al., 2008; Swinnen, 

1996; Wulf & Shea, 2004).  

In particular, studies have shown that manipulation of the conditions of practice, 

including the amount thereof such as large versus small (e.g., Park & Shea, 2003, 2005; Shea 

& Kohl, 1991), distribution of practice consisting of distributed versus massed practice (e.g., 

Baddeley & Longman, 1978; Shea, Lai, Black, & Park, 2000), practice variability involving 

variable versus constant practice (e.g., Lee, Magill, & Weeks, 1985; Van Rossum, 1990; Wulf 

& Schmidt, 1997), and practice schedule consisting of random versus blocked practice (e.g., 

Lee & Magill, 1983; Shea, Kohl, & Indermill, 1990; Shea & Morgan, 1979; Wulf & Lee, 

1993), would also significantly affect performance and learning processes of movement 

skills.  

Furthermore, the nature of the feedback has been shown to be an important factor that 

impacts on performance and learning processes. In general, two sources of feedback could 

potentially impact on the performance and learning of a movement skill: inherent (sensory) 

and augmented feedback (Schmidt & Lee, 2011). Inherent feedback is sensory information 

that comes from vision, audition, proprioception (e.g., muscle force, length) and kinesthesia 

(e.g., joint or body positions). This sensory information can impact on the action 

planning/programming and execution of an ongoing motor action. Augmented feedback is 



 

2 
 

based on information about the performance outcome, which is provided by an external 

source of information from the environment (e.g., coach, teacher). This information concerns 

knowledge of results (KR) or knowledge of performance (KP), which influences the 

forthcoming trials (Schmidt & Wrisberg, 2000; Figure 1). 

 

 

 

Figure 1. The completed conceptual model of human performance. Reprinted with 

permission, from R.A. Schmidt and C.R. Wrisberg, 2000, Motor learning and performance, 

2nd ed. (Champaign, IL: Human Kinetics), p. 291.  
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All these variables that have an impact on performance and learning processes may 

manifest different effects during motor skill execution and acquisition. It should be pointed 

out that motor performance is different from motor learning. Motor performance, i.e., skill 

execution without a sufficient amount of practice, refers to the level or ability of the performer 

to execute a particular motor skill which leads to immediate changes in the performance of a 

movement. Motor learning refers to a process of changing movement performance through 

adequate instructions, practice or experience, which leads to relatively permanent changes in 

the performance of a movement (Schmidt & Lee, 2011).  

It should be noted that permanent changes in performance which reflect the learning 

of a new skill should also be observed over time in retention or transfer tests, because other 

factors (e.g., fatigue, mental distraction, or mind wandering) that are not related to learning 

may affect the performance outcome during practice (Schmidt & Lee, 2011; Soderstrom & 

Bjork, 2015). It is also important to know that even though performance changes during 

practice do not reflect motor learning, they may provide insights into the underlying 

mechanisms of motor learning processes. Also, some other factors such as age, gender, 

individual differences and others may affect the performance and learning of different motor 

skills.  

Aside from the effects of conditions of practice or the nature of feedback on motor 

performance and learning, the individual’s focus of attention has been shown to play a critical 

role on the performance and learning of motor skills. Specifically success in learning motor 

skills is highly dependent on the performer’s concentration on relevant cues or key elements 

of a motor skill (Singer, Lidor, & Cauraugh, 1994; Wulf, 2007).  

 

1.1.2 Attention and its role on motor performance and learning 

Attention has been defined as “the focusing of the mind” (James, 1890). As James 

characterized “attention is taking possession by the mind, in clear and vivid form, of one out 

of what seem to be several simultaneously possible objects or trains of thought. Focalization, 

concentration of consciousness are of its essence. It implies withdrawal from some things in 

order to deal effectively with others” (James, 1890, p. 403). Eric Kandel (2007) highlights 

the importance of attention for memory storage and encoding information that results in 

learning.  
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The core of attention is concentration. In fact, attention is an umbrella term for 

concentration. Concentration is the focusing of attention on one particular aspect of the task 

at hand, which is not interrupted by other distractors (Lavallee, Kremer, Moran, & Williams, 

2012).  It refers to the ability to control attention, which takes place within the attentional 

field. The attentional field involves information that originates from both the internal domain, 

such as internal thoughts, emotions, or physical responses, and the external domain, involving 

sensory information from the environment such as visual, auditory, and tactile stimuli (cues). 

Concentration or focus of attention is the ability to direct attention selectively toward internal 

and/or external cues in the attentional field. 

Various motor tasks have different attentional fields. Performers should learn how to 

focus attention on the cues that are relevant to the execution of a motor task. In other words, 

performers should be instructed in the way that they are able to ignore or block out potential 

distractors and concentrate on the task in hand. Nideffer (1976) suggested that appropriate 

attentional focus would be beneficial for enhancing performance outcome. It has also been 

suggested that keeping people’s attention on the task-goal, which is one type of task-related 

information, is a fundamental prerequisite for encoding information in memory for the 

learning of motor skills (Nideffer, 1993). 

 

1.1.3 Attentional focus instructions  

Studies have suggested that verbal instructions have a great impact on directing the attentional 

focus of performers, and influence the performance and learning of motor skills (Landin, 

1994; Wulf, 2007, 2013). These verbal instructions are typically provided before practice 

trials, when performers need to receive information about motor skills. In the next part, the 

role of attentional focus instructions on motor performance and learning is presented. During 

the past two decades, numerous experimental studies have shown that attentional focus 

instructions could have a different influence on the performance and learning of various types 

of motor skills (for a review see Wulf, 2007; 2013). 

In particular, research has shown that verbal instructions and augmented feedback 

typically given by instructors or practitioners to learners can direct performers’ focus of 

attention to either internal (e.g., concentration on body movements) or external (e.g., 

concentration on movement effects such as environmental object, feature, location, 



 

5 
 

implement) aspects of a movement task, which can affect the rate of movement effectiveness 

and efficiency (Wulf, 2013; Wulf, & Lewthwaite, 2016). On one hand, for example, internal 

focus is defined when the performer’s focus of attention is directed to the manner of execution 

of body movements and the coordination (technique) of hand movements in a golf putting 

task or tennis serve, or focusing on the feet while balancing on a stabilometer. On the other 

hand, external focus is defined when the performer’s focus of attention is directed to the 

motion of the club in a golf putting task or the racquet in a tennis serve, or to the board while 

balancing on a stabilometer.    

The superiority of external focus in comparison with internal focus of attention has 

been examined and shown in different types of motor skills that involved an object. For 

instance, external focus has been shown to result in superior performance or learning 

compared to internal focus in targeting motor skills such as dart throwing (Lohse, Sherwood, 

& Healy, 2010; Marchant, Clough, Crawshaw, & Levy, 2009), golf putting (Bell & Hardy, 

2009; Wulf & Su, 2007); basketball free throw (Al-Abood, Bennett, Hernandez, Ashford, & 

Davids, 2002), soccer kick (Wulf, McConnel, Gartner, & Schwarz, 2002, Exp. 2) and 

throwing tennis balls at a target (Pascua, Wulf, & Lewthwaite, 2015). Additionally, external 

focus has been found to facilitate performance or learning of a variety of balance tasks that 

involve an implement, such as maintaining balance on a stabilometer (McNevin, Shea, & 

Wulf, 2003; Wulf, Höß, & Prinz, 1998, Exp. 2), ski simulator (Wulf et al., 1998, Exp. 1), and 

riding a pedalo (Totsika & Wulf, 2003). Therefore, it has been repeatedly confirmed that 

external focus instructions are more beneficial than internal focus instructions for 

enhancement of object projection motor tasks, such as targeting and balance motor skills that 

involve an implement (see Wulf, 2013).  

As such, research has shown the advantages of external focus over internal focus in 

body projection motor tasks that do not involve an implement. For instance, external focus 

was better than internal focus for enhancing performance in long jump (Porter, Ostrowski, 

Nolan, & Wu, 2010), swimming (e.g., Freudenheim, Wulf, Madureira, Correa, & Corrêa, 

2010) and running (e.g., Schücker, Hagemann, Strauss, & Völker, 2009).  

Numerous studies on attentional focus instructions have supported the superiority of 

external over internal focus of attention for the performance and learning of a variety of motor 

tasks in adults (for a review see Wulf, 2013). However, few studies have examined the effects 
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of attentional focus instructions on typical children (Hadler, Chiviacowsky, Wulf, & Schild, 

2014; Perreault & French, 2015, Wulf, Chiviacowsky, Schiller, & Ávila 2010). In children, 

for example, learning advantages of external focus relative to internal focus were reported for 

accuracy of a basketball free throwing task in both the acquisition and retention stages 

(Perreault & French, 2015), as well as forehand tennis strokes in both retention and transfer 

tests (Hadler et al., 2014) and movement form of soccer throw-in task in retention (Wulf et 

al., 2010).  

Conversely, Emanuel, Jarus, and Bart (2008), have reported that typical children 

(mean age = 9.04 ± 0.35 years) who were not familiar with the task were more successful in 

throwing darts at a target under internal focus compared to external focus instructions in 

transfer tests. Since these controversial results may be due to methodological issues (see 

Wulf, 2013), it is necessary to carry out more experimental studies on children, using different 

types of motor skills in order to examine the possibility of generalizing regarding attentional 

focus instructions to children. Therefore, two experiments in this dissertation (studies Ⅰ & Ⅱ) 

were carried out in order to examine the influence of attentional focus instructions on the 

motor performance of two different types of motor skills in children. 

 

1.1.4 Hypotheses concerning mechanisms that underlie the effects of attentional focus 

on motor performance 

A few studies have been conducted on understanding the possible mechanisms that underlie 

the beneficial effects of external compared to internal focus of attention. These potential 

mechanisms are explained below. 

 

1.1.4.1 Constrained action hypothesis (CAH) 

One of the possible reasons for the advantages of external over internal focus of attention has 

been explained by the constrained action hypothesis (Wulf, McNevin, & Shea, 2001). The 

constrained action hypothesis states that when attentional focus is allocated to body 

movements, the possibility of disruption in automatic control processes increases, which 

results in a demotion of performance outcome, whereas directing attentional focus to 

movement effects within the environment results in a promotion of performance outcome. In 

other words, internal focus instructions increase the chance for accessing self-evaluation and 
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self-regulatory processing (Wulf & Lewthwaite, 2010). This may produce micro-choking 

episodes, reducing the fluency of movement that potentially affects automatic control of the 

movement, with the consequence of degrading performance outcome. On the other hand, 

external focus instructions promote concentration on the task-goal, whilst excluding self-

evaluation processing, resulting in an enhancement of performance outcome (Wulf & 

Lewthwaite, 2010; Figure 2).    

 

  

 

 

Figure 2. Constrained action hypothesis 

 

Support for the constrained action hypothesis is provided by various studies, which 

have shown that external focus has increased movement fluency as an indicator of movement 

automaticity (Kal, van der Kamp, & Houdijk, 2013). Also, individuals in the external focus 

condition have shown a higher frequency of movement regulation, indicating a higher 

contribution of reflexes (e.g., McNevin et al., 2003), and higher correlations among 

dimensions of body movements, resulting in reduced variability in the performance outcome 

(Lohse, Jones, Healy, & Sherwood, 2014). In addition, adopting external focus instructions 

produced optimal force production using less muscular activities (e.g., Lohse & Sherwood, 

2012; Marchant, Greig, & Scott, 2009), and affected instant modulation of intracortical 

inhibition within the primary motor cortex, resulting in enhanced movement efficiency 

(Kuhn, Keller, Ruffieux, & Taube, 2017). The evidence shows that an external focus 
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accelerates the rate of achieving movement coordination, which influences the optimization 

of performance outcome, whereas an internal focus prevents the progress of achieving 

movement coordination, thus limiting achievement of the optimal performance outcome. It 

has also been proposed that in situations where there is no implement or external cues, 

metaphors can serve the same purpose, as they provide a mental image of the movement goal 

that the performer can try to produce without directing attention to body movements per se. 

The external attentional focus created by those images is presumably responsible for their 

effectiveness (Wulf, Lauterbach, & Toole, 1999). 

The constrained action hypothesis emerged from “the common-coding theory” (Prinz, 

1990, 1997). According to this theory, a commensurate coding procedure for action planning 

in relation to perception occurs when afferent and efferent codes are generated and maintained 

at a distal level of representation of an action. Specifically, directing attention to the intended 

movement outcome produces a more optimal connection between motor representation of an 

action and representation of the action goal.   

The constrained action hypothesis could also be interpreted from the dynamic system 

approach, i.e., when precision of the task performance increases, external focus is less 

disruptive than internal focus on the subordinate levels of the central nervous system that are 

responsible for coordination and control of movements. In fact, external focus compared to 

internal focus of attention allows self-organizing system dynamics to function in the most 

optimal fashion for coordination and control of movement. In other words, external focus 

instructions encourage self-organization processes to function in the most effective fashion 

(Peh, Chow, & Davids, 2011).  

 

1.1.4.2 Mediating or moderating role of vision on attentional focus instructions? 

Vision as the main source of sensory information plays a critical role in controlling motor 

actions. It has been suggested that motor actions are controlled via either open-loop 

(feedforward) or closed-loop (feedback) control systems. As attention and vision are closely 

related (Gottlieb, 2012), the use of visual information in different types of motor skills may 

also influence planning and programming of an action when individuals respond to different 

attentional focus instructions. It has been suggested that an alternative explanation for the 

advantages of external focus over internal focus might be due to the mediating role of visual 
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information (Hodges & Ford, 2007; Maurer & Zentgraf, 2007; Russell, 2007). This 

suggestion is based on studies that have shown that gazing at a target before initiation of 

movement is more useful for motor performance (Vickers, 2007). Hence, some researchers 

have proposed that external focus of attention compared to internal focus of attention might 

increase the perception of specific visual information on the target (Hodges & Ford, 2007). 

Also, based on studies that have shown that optic flow is critical for postural control (e.g., 

Lishman & Lee, 1973), it has been suggested that external cues may change optic flow in 

comparison with internal focus on body movements, which limits the perception of relevant 

optical information (Russell, 2007). In other words, internal attentional focus instructions 

may disrupt the visual information processing of a performer’s visual perception system.  

It should be noted that researchers have presented different classifications of motor 

skills (Schmidt & Lee, 2011). In this dissertation, projection of body versus projection of an 

object has been considered one of the criteria for classification of motor skills (Gallahue, 

Ozmun, & Goodway, 2012; Haywood, Roberton, & Getchell, 2012) in regard to attentional 

focus instructions. It is also important to highlight that object projection actions are discrete 

ones (e.g., dart throwing, or golf putting tasks, interceptive tasks), whereas body projection 

motor tasks could be performed in a discrete (e.g., countermovement jump), serial (e.g., 

balance on stabilometer, gymnastics routine) and continuous (e.g., walking, running) fashion.  

Previous studies have shown that the underlying mechanisms that cause the beneficial 

effects of external focus instructions are independent of vision for discrete object projection 

motor actions such as targeting tasks (Land, Tenenbaum, Ward, & Marquardt, 2013; 

Schlesinger, Porter, & Russell, 2013; Sherwood, Lohse, & Healy, 2014). It should be noted 

that discrete object projection motor tasks typically use an open-loop (feedforward) control 

system, which is less dependent on visual information for motor planning/programming of 

the movement. Other types of object and body projection motor skills may use a different 

motor control system or may involve different use of visual information. For example, 

discrete body projection actions (e.g., jumping) are also controlled by an open-loop control 

system for motor planning/programming, however, they are more dependent on visual 

information for motor execution in order to monitor body position in space and also for 

landing. Therefore, it is necessary to investigate the influence of attentional focus instructions 

and vision in other types of object and body projection motor skills.  
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It is also important to investigate the influence of attentional focus and visual inputs 

on motor performance and learning in different coordinative types of motor tasks. As the 

outcome of movement is one of the four sources of information for correcting the motor 

program (Mass et al., 2008), the influence of attentional focus and visual feedback on the 

movement outcome provides an insight into the possible moderating role played by visual 

information on motor planning and programming in different types of coordinative motor 

tasks. Therefore, two experiments in this dissertation (studies Ⅲ & Ⅳ) were carried out in 

order to investigate the influence of attentional focus and vision on motor performance in two 

different types of motor skills.  

 

1.2 Purpose of this dissertation  

The main purpose of the current dissertation was to examine the effects of different 

types of attentional focus instructions, i.e. internal and external focus, on  motor performance 

and learning of different coordination types of movement tasks such as object projection skills 

(aiming, catching) and body projection skills (e.g., vertical jump, gymnastic jump with turn). 

Studies Ⅰ and Ⅱ were carried out to examine the possibility of generalizing with regard to the 

beneficial effects of external over internal focus of attention in two different coordinative 

types of motor skills in children. Specifically, the effects of attentional focus instruction on 

motor performance were examined in an interceptive motor task (catching), which requires a 

higher demand on visual information to predict the optimal time of contact to move and adjust 

the position of the hands in time to conform to the trajectory of the ball (Gentile, 2000; study 

Ⅰ). In addition, the effects of attentional focus instructions on enhancement of movement 

outcome and movement form in a body projection motor skill were examined (study Ⅱ). 

Another aim of this dissertation was to investigate the role of visual information as a potential 

mechanism that underlies the effects of attentional focus instructions on motor skills 

execution (study Ⅲ & Ⅳ). Different tasks were chosen in the studies under this dissertation, 

as previous studies have shown that the beneficial effects of external over internal focus of 

attention are independent of task constraints in different coordinative types of motor tasks 

(Wulf, 2007, 2013; Wulf & Lewthwaite, 2016). 
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1.2.1 Study Ⅰ 

Is an external focus more beneficial than an internal focus of attention to ball catching in 

children? (Abdollahipour & Psotta, 2017) 

The majority of previous studies have examined the effects of attentional focus instructions 

on the performance and learning of discrete object projection motor skills such as targeting 

tasks (Hadler et al., 2014; Perreault & French, 2015). It should be noted that targeting tasks 

are considerably controlled via an open-loop (feedforward) control system for action 

planning. Actions that use a feedforward control system usually are planned to perform the 

task without using online sensory feedback (Kawato, 1999). Open-loop actions are usually 

rapid and discrete, and they are not substantially dependent on using online feedback via other 

sources of sensory information, including vision (Desmurget, & Grafton, 2000).  

Interceptive motor skills such as catching are also controlled by an open-loop 

(feedforward) control system. However, these kind of interceptive motor skills (i.e., catching) 

are more dependent on visual information for anticipation of action, as well as the adoption 

of spatial-temporal movement coordination to adjust the position of the hands in time to 

conform to the trajectory of the ball and avoid potential errors during the task performance 

(Schmidt & Lee, 2011). Therefore it was necessary to examine the effects of attentional focus 

instructions on interceptive motor skills which place a higher demand on visual information. 

Also, most of the previous studies on the effectiveness of attentional focus instructions were 

carried out on targeting and balance tasks in adults (for a review see Wulf, 2013), and few 

studies on targeting tasks in children (Hadler et al., 2014; Perreault & French, 2015; Wulf, 

Chiviacowsky, et al., 2010). For this reason, we conducted an experiment on the effects of 

attentional focus instructions on an interceptive motor task (e.g., catching) in children 

(Abdollahipour & Psotta, 2017). As proposed in CAH, the mechanisms that underlie 

attentional focus instructions represent a cognitive process that is independent of visual 

information. Therefore, the dependency of motor tasks on visual information may not have 

an influence on the advantages of external focus over internal focus of attention. As a result, 

the following hypothesis was proposed for study Ⅰ:  

H 1: External focus of attention is more beneficial than internal focus of attention for 

motor performance in an interceptive motor task (catching) in children. 
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1.2.2 Study Ⅱ 

Performance of gymnastics skill benefits from an external focus of attention 

(Abdollahipour, Wulf, Psotta, & Palomo Nieto, 2015)   

Study Ⅱ was carried out due to the gap in the literature on the effects of attentional focus 

instructions on body projection motor tasks that do not involve an implement. Although 

numerous studies have supported the benefits of external over internal focus of attention in 

motor tasks that involve an implement, few studies have been conducted on motor skills that 

do not involve an implement. For example, external focus instructions were more beneficial 

than internal focus for enhancing performance outcome in swimming (Freudenheim et al., 

2010) and long jump (Porter et al., 2010). However, no study had been conducted about the 

effects of attentional focus on motor tasks that do not involve an implement, requiring perfect 

movement form (e.g., gymnastics skills). This gap in the literature led some authors to 

speculate that skills performed in gymnastics, dance, diving etc. might benefit from an 

internal focus (e.g., Künzell, 2007; Peh et al., 2011; Wrisberg, 2007). It is also critical to find 

an external cue for these kind of motor skills. As a result, there was a question about the 

possibility of generalizing the beneficial effects of external focus over internal focus for motor 

tasks in which not only performance outcome is critical, but also movement form. To fill this 

gap in the literature we carried out an experiment using a gymnastics skill (i.e., jump and half 

turn) under different attentional focus instructions (Abdollahipour et al., 2015). Also, due to 

the importance of providing appropriate instructions for experienced athletes to enhance their 

performance, it was also interesting to examine the effects of attentional focus instructions 

on the immediate performance of young experienced gymnasts in terms of both movement 

outcome and movement form. Therefore, performance outcome (jump height) and movement 

form (execution deduction) were assessed in order to understand the effects of different 

attentional focus instructions.  The following hypothesis was proposed for study Ⅱ:  

H 2: External focus of attention is more beneficial than internal focus of attention for 

enhancing motor performance in a discrete body projection motor task that requires 

movement form. 

 

https://www.scopus.com/record/display.uri?eid=2-s2.0-84936891329&origin=resultslist&sort=plf-f&src=s&st1=external+focus+of+attention+benefits&nlo=&nlr=&nls=&sid=8C1A92B5EAE0741EEDF8463E3AF87383.wsnAw8kcdt7IPYLO0V48gA%3A150&sot=b&sdt=cl&cluster=scopubyr%2C
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1.2.3 Study Ⅲ 

Effects of attentional focus instructions on the learning of a target task: A moderation role 

of visual feedback (Abdollahipour et al., 2014) 

An interesting issue concerning the interactions of vision and attentional focus is the role of 

visual feedback on movement outcome as a possible moderator for upgrading the motor 

program in Schmidt’s conceptual model of human performance. According to Schmidt's 

schema theory of motor learning (Schmidt, 1975, 2003; Schmidt & Lee, 2011), availability 

of movement outcome (KR) is necessary for updating the motor schema. In other words, 

when access to movement outcome is limited, the chance for updating the motor schema will 

be decreased (Mass et al., 2008). Therefore, it is interesting to understand to what extent 

access to visual feedback on movement outcome would impact on the influence of attentional 

focus instructions. Therefore, the role of vision as a possible moderator of attentional focus 

instructions should be investigated more deeply in object projection motor tasks that are 

dependent on a feedforward control system for motor control (i.e., targeting tasks). For this 

reason, we carried out an experiment using a dart throwing task (Abdollahipour et al., 2014). 

In this study we manipulated the availability of visual feedback (vision vs. non-vision 

conditions) on the results for participants under different attentional focus instructions.  

The following hypotheses were proposed for study Ⅲ:  

H 3: The advantages of external over internal focus of attention on learning of an 

object projection motor task (dart throwing) is not affected by the availability of visual 

feedback.  

H 4: External focus of attention is more beneficial than internal focus of attention for 

motor learning of an object projection motor task (dart throwing).  

 

1.2.4 Study Ⅳ 

The influence of attentional focus instructions and vision on jump height performance. 

(Abdollahipour, Psotta, & Land, 2016) 

Another aspect of the interactions of vision and attentional focus is the role of inherent visual 

feedback as a possible mediator for upgrading the motor program in Schmidt’s conceptual 

model of human performance. In the cycle of inherent feedback, visual feedback from the 

environment provides information about the location of the object, changes in the dimensions 
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of the object, or the position of the body in space. Therefore, there is a question as to how 

attentional focus instructions affect visual perception and thus execution of a discrete body 

projection action (e.g., jumping). Previous studies have shown that vision does not interact 

with attentional focus instructions in discrete object projection actions.  

These studies have shown that although performance under full vision compared to 

non-visual condition is better, the beneficial effects of external focus instructions remain 

constant regardless of visual information. As vision is more critical for discrete body 

projection actions (e.g., jumping) due to its provision of information about the position of the 

body in space, the interactive role of attentional focus instructions and vision in these types 

of motor skills remained unclear. To answer this question, we carried out a second experiment 

with a body projection motor skill (i.e., jump) under full vision and non-vision conditions 

under different attentional focus instructions (Abdollahipour et al., 2016). Performance 

outcome (jump height) was assessed by an optical device (Optojump Next) in order to 

understand the possible interactions of attentional focus and vision. The following hypothesis 

was proposed for study Ⅳ:  

H 5: The advantages of external over internal focus of attention do not depend on 

vision in body projection motor tasks. 
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Chapter 2 
 

2.1 Methods  

Detailed information about the methods has been described in the method section of each 

article. The subjects’ characteristics, the tasks and the effect studied for all experiments are 

presented in Table 1.  

 

2.1.1 Participants  

All the participants were healthy. Informed consent was obtained from the participants before 

the experiments. All the studies were approved by the ethical committee of the Faculty of 

Physical Culture, Palacký University Olomouc.  

 

Table 1.  Participants’ characteristics, task and effect studied in experiments Ⅰ, Ⅱ, Ⅲ, & Ⅳ 

 

Study N 
Characteristics of 

subjects 
Age (years) Task 

Effect 

studied 

Ⅰ 24  Children 8.8 ± 0.8 Catching  Performance  

Ⅱ 24  Trained children 12.0 ± 2.1 Jump and ½ turn Performance  

Ⅲ 100  University students 21.1 ± 2.1 Dart throwing Learning  

Ⅳ 24  University students 25.0 ± 3.3 Jumping Performance  

 

Due to the different purposes of each study, children participated in studies Ⅰ and Ⅱ, 

and young adults took part in studies Ⅲ and Ⅳ. In studies Ⅰ and Ⅱ, children were tested with 

regard to the possibility of generalizing concerning the beneficial effects of external focus 

compared internal focus. In studies Ⅲ and Ⅳ, young adults were used, as the purpose of the 

studies was to investigate the underlying mechanisms of attentional focus instructions. An a 

priori power analysis was conducted in each study in order to verify that there was a sufficient 

number of participants for identifying the significant effect of the independent variables on 

dependent variables according to the design of each study, considering minimum power (1 - 

b) of 0.90, effect size of 0.25, and an α of 0.05 (Faul & Erdfelder, 1992). 
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2.1.1 Tasks 

In studies Ι and Ⅱ, two different coordination types of discrete object projection motor tasks, 

i.e., an interceptive timing motor task (catching) and a body projection motor task, namely 

jump and half turn, were applied to children.  

In studies Ⅲ and Ⅳ, two discrete types of object projection motor task, i.e., dart 

throwing task, and a body projection motor task, i.e. countermovement jump, were also used 

in adults. 

 

2.1.2 Apparatus  

Different devices were used in each study. In study Ⅰ, a tennis ball throwing machine (Lobster 

Elite Grand 4, Lobster Sports, Inc., North Hollywood, CA, USA) was used. The software of 

the tennis ball machine was adjusted to throw the tennis balls at the same angle at the moment 

of release, in which the balls arrive at the level of the participant’s chest area. Also, the speed 

of the balls for the tennis ball machine was set at the same speed at the moment of release. 

To obtain the accuracy of the tennis ball machine, the speed of the balls thrown by the tennis 

machine was measured with a radar gun (Stalker Radar, Applied Concepts, Inc., Dallas, TX, 

USA) before the experiments. All the catching trials were recorded using two cameras 

(Panasonic HDC-TM900, Panasonic, Kadoma, Japan) at a frequency of 50 Hz, positioned 3 

m to the left and right sides of the participants. The cameras were mounted on tripods at a 

height proportional to the shoulder height of the participants. 

Also, the check list of movement assessment battery for children ‒ the second version 

(Henderson, Sugden, & Barnett, 2007) for the age band 7-10 was used by physical education 

teachers to assess the level of motor skills and for screening of potential motor impairments. 

The exclusion criteria for participation of the children were any perceptual, visual, physical 

or mental disabilities, as well as psychological and specific developmental disorders. These 

exclusion criteria were checked according to the report provided by the school psychologist, 

special educators and teachers of the schools. In addition, potential developmental 

coordination disorder (DCD) or moderate to significant motor difficulties of the children were 

checked by two diagnostic methods: 1) the MABC-2 Checklist (Henderson et al., 2007), in 

the Czech version (Psotta, 2014), to assess criterion B for the diagnosis of DCD (according 
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to DSM 5th ed., APA, 2013); 2) the MABC-2 Test (Henderson et al., 2007; Czech version of 

the MABC-2 Test, Psotta, 2014) to assess criterion A for DCD.  

In studies Ⅱ and Ⅳ, an Optojump Next instrument (Optojump Next, Version 1.3.20.0, 

Microgate, Bolzano, Italy) was used to record jump height. The Optojump consists of 2 

transmitting and 2 receiving bars (100 × 8 cm) that were joined together. Each bar contains 

96 light-emitting or light-receiving diodes (approximately one every centimeter) that were 

located 3 mm above floor level. The series of transmitting and receiving bars was placed on 

the floor opposite each other. The participants jumped between the bars. Data was sampled 

at 1000 Hz and processed into 1D footfall patterns using dedicated software. The validity of 

the Optojump data has already been proven in previous research (Glatthorn et al., 2011). In 

study Ⅱ, all jumps were also recorded by a video camera mounted onto a tripod at a distance 

of 3 m and at a 45 degree angle. The recordings were used for later ratings of movement form. 

Each rater judged each jump execution according to the general and specific regulations of 

the FIG-COP (2009-2012) for aerobic gymnastics. 

In study Ⅲ, a dartboard and some darts were used. The dartboard was 40 cm in 

diameter, with nine concentric rings, each 2 cm in width, and a 2 cm diameter bull’s-eye in 

the center. These concentric rings are designed to assess the accuracy of each dart throw in 

terms of distance to the bull’s eye. The dartboard was installed so that the bull’s-eye was 1.70 

m above the floor and the participants stood 2.50 m from the dartboard. 

 

2.1.3 General procedure  

Informed consent was obtained from the participants before they took part in the experiments. 

The experiments were conducted in a gymnastics hall on a standard surface (Conipur KF 

protect+, Conica, Schaffhausen, Switzerland). The participants received basic information 

about each task before all the experiments. The protocols of each experiment were explained 

to the participants in the same manner. The participants had an equal number of warm-up 

trials before the beginning of the experiments in order to familiarize themselves with the task. 

Rest intervals were provided equally to all the participants between trials. Attentional focus 

instructions were given before each trial. In all the studies, the participants were not asked for 

visual fixation on the objects or cues under external focus instructions. The participants were 
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not provided with feedback about their performance. They were thanked for taking part in the 

study after finishing each experiment. 

 

2.1.4 Specific procedure 

A summary of the specific procedures used in studies Ι to Ⅳ is presented in Table 2. Studies 

Ⅰ, Ⅱ and Ⅳ were conducted in a within-subject design, with repeated measurements on trials 

in one day. Study Ⅲ was conducted in a between-within subject design, with repeated 

measurements on trials in two days. In study Ⅲ, the participants received attentional focus 

instructions for acquisition of the motor task on day 1. Also, retention and transfer tests 

without giving any attentional focus instructions were applied for examining the learning 

process on day 2.  

The number of trials was calculated according to the purpose of each study and 

experimental designs. Also, pilot experiments were conducted to estimate the sufficient 

number of trials for the effects of independent variables on dependent variables. The purpose 

of studies Ⅰ, Ⅱ and Ⅳ was to assess motor performance in a within-subject design, therefore, 

the number of trials was lesser. In study Ⅰ, each participant was required to perform 10 

catching trials in each attentional focus condition. In study Ⅱ, each subject performed 5 jump 

and ½ turn in each attentional focus condition.  

In study Ⅲ, the purpose of the study was manipulation between attentional focus 

instructions and vision during the acquisition phase, and to test the effects in retention and 

transfer tests. The participants were asked to perform 42 dart throwing trials in different 

attentional focus groups on day 1. They were asked to perform 7 trials for either retention or 

transfer tests on day 2. In study Ⅳ, each subject was asked to perform 6 jumps under each 

attentional focus condition. In each attentional focus condition, 3 jumps were performed with 

full visual information and 3 jumps were performed without using visual information.  

 

2.1.5 Dependent variables  

In study Ⅰ, the dependent variable was children’s motor performance of catching, indicated 

by the mean score out of ten catches. The child’s performance was assessed by two 

independent researchers via video analysis, according to three criteria used by Cesqui, 

d’Avella, Portone, and Lacquaniti (2012). In studies Ⅱ and Ⅳ, the mean jump height in each 
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attentional focus condition served as a quantitative measure. Maximum vertical jump height 

(cm) for each trial was provided by Optojump software. In study Ⅱ, movement form was also 

assessed by two experienced gymnastics judges. In particular, deductions were made for 

incorrect body alignment, uncontrolled feet position, legs/feet bent or apart, incomplete 

rotation, uncontrolled arm movements and incorrect landing. The raters’ (jointly agreed upon) 

deductions for each trial were used as a measure of movement quality or form. In study Ⅲ, 

the mean score of dart-throwing accuracy achieved in each block during the acquisition phase 

on day 1, and the mean score of dart-throwing accuracy for retention and transfer tests on day 

2, served as dependent variables. 

 

2.1.6 Data analysis  

In the first step, data was analyzed in order to search for any possible extreme outliers. A 

criterion (cut-off scores) was applied, determined by a distance of 1.5 times the interquartile 

range from the 1st and 3rd quartile (Tukey, 1977). In the next step, assumptions of normality 

were tested using a Shapiro-Wilk test (alpha = .05).  

For all the studies, data was analyzed using an analysis of variance with repeated 

measures (RM ANOVA) based on the number of trials and research designs, including 

within-subject design (studies Ⅰ, Ⅱ, and Ⅳ) or between-within subject design (study Ⅲ). The 

assumptions of sphericity were assessed by Mauchly’s test. Bonferroni corrections were 

performed for all adjustments. Greenhouse-Geisser epsilon values were used when 

appropriate in order to adjust the degrees of freedom to compensate for deviations from the 

assumption of sphericity. In addition, Bonferroni post hoc test was performed where 

appropriate and if the ANOVAs were significant. The alpha level was set at .05 for all the 

statistical tests. The data analyses were performed using the statistical software SPSS-21 

(IBM, USA). 
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2.2 Original manuscripts  

Study Ⅰ: 

Abdollahipour, R., & Psotta, R. (2017). Is an external focus more beneficial than an internal 

focus of attention to ball catching in children? Kinesiology, 49, 235-241. 
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Study Ⅱ: 

Abdollahipour, R., Wulf, G., Psotta, R., & Palomo Nieto, M. (2015). Performance of 

gymnastics skill benefits from an external focus of attention. Journal of Sports Sciences, 

37, 1807-1813.  
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Study Ⅲ: 

Abdollahipour, R., Psotta, R., Palomo Nieto, M., Rouzbahani, M., Nikdast, H., & Bahram, 

A. (2014). Effects of attentional focus instructions on the learning of a target task: A 

moderation role of visual feedback. Kinesiology, 46, 210-217.  
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Study Ⅳ: 

Abdollahipour, R., Psotta, R., & Land, W. (2016). The influence of attentional focus 

instructions and vision on jump height performance. Research Quarterly for Exercise 

and Sport, 87, 408-413. 
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Chapter 3 
 

3.1 Results and discussion  

A summary of the experimental designs and the results of all the studies are shown in Table 

2. These results are discussed according to the current literature on the effects of attentional 

focus instructions on motor performance and learning.     

 

3.1.1 Results  

3.1.1.1 Study Ⅰ 

 

The results of study Ⅰ showed that external focus instructions (i.e., focusing on the ball) are 

better than internal focus instructions (i.e., focusing on the hands) for motor performance in 

an interceptive timing motor task (e.g., catching) in children. There was no difference 

between the control (no focus instructions) and either internal or external focus instructions. 

The results of the post-performance interviews also showed that 75% of participants in the 

control condition reported that they had been concentrating on the ball. 

Therefore, interceptive timing motor tasks that are typically controlled by an open-

loop (feedforward) control system and require visual feedback for co-ordination of movement 

in order to move and adjust the position of the hands in time to conform to the trajectory of 

the ball, also benefited from the advantages of external focus compared to internal focus of 

attention. In fact, study Ⅰ showed that external focus was also better than internal focus when 

the visual system sends concurrent feedback to the brain to update the motor program and 

adjust the parameters involved in the task execution according to the position and location of 

the approaching object (e.g., ball) (Davids, 2002; Gentile, 2000; Magill, Chamberlin, & Hall, 

1991; Tayler & Davids, 1997). 

  

 



 

 
 

Table 2. Summary of the experimental designs and results of the experiments, Ⅰ, Ⅱ, Ⅲ, & Ⅳ 

Experiment Design Task Conditions Attentional focus instructions Number of trials 
Dependent 

variables 

Results 

Day 1 Day 2  
Retention  Transfer  

Ⅰ 
Within-
subject 

Catching  

EF Concentrate on the ball 

10 trials each 

Movement 

outcome 
(Successful 

catching) 

EF > IF; 

EF = C; IF 

= C 

- - IF Concentrate on your hands 

C No instructions  

Ⅱ 
Within-

subject 

Jump and 

½ turn 

EF 
While airborne, focus on the direction in which 

the tape marker is pointing after the half turn 

5 trials each 

Movement 

outcome 

(Jump height) 
& movement 

form 

(execution 
deductions) 

EF > IF, C; 

IF = C 
- - 

IF 
While airborne, focus on the direction in which 
your hands are pointing after the half turn 

C 

No instructions  

 
 

Ⅲ 
Between -
Within-

subject 

Dart 

throwing 

VF-EFD; 

NoVF-EFD 

1) take the dart 

Practice: 42 trials; 

Retention & 

Transfer 7 trials 
each 

Movement 

outcome 
(Mean 

accuracy of 

throws) 

VF > 

NoVF; 
EFB = EFF 

= EFD = 

IF = C 

VF = 

NoVF; 
EFB = EFF 

= EFD = 

IF = C 

VF = 

NoVF; 
EFF > 

EFB, EFD, 

IF, C 

2) bring the dart toward the wall behind you 

3) throw the dart at the bull’s-eye 

VF-EFF; 

NoVF-EFF 

1) take the dart 

2) focus on the flight of the dart 

VF-EFB; 

NoVF-EFB 

1) take the dart 

2) focus on the bull’s-eye 

VF-IF; NoVF-

IF 

1) feel the weight of the dart in your fingertips   

2) bring the fingertips toward your ear while 
bending the elbow  

3) feel the dart as it leaves the fingertips 

VF-C; NoVF-

C 
No instructions  

Ⅳ 
Within-

subject 
Jumping 

EF 
concentrate on the ceiling and try to reach and 

touch it 

6 trials each 

Movement 

outcome 
(Jump height) 

EF > IF, C; 

IF = C 
- - 

IF 
concentrate on your fingers to bring them up as 

high as possible 

C No instructions  

 

VF=Visual feedback; No-VF=No visual feedback; EF=External focus; IF=Internal focus; C=Control; EFB=External focus on the board; EFF=External focus on the flight of the dart; EXD=External focus 

on the dart.

4
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3.1.1.2 Study Ⅱ 

The results of Study Ⅱ showed that external focus instructions are more beneficial than either 

internal focus or control (no focus) instructions, not only in terms of movement outcome 

(jump height) but also movement form (execution deduction) for a discrete body projection 

motor skill in gymnastics in children. It should be noted that movement form is critical for 

some sports such as gymnastics, dance and diving, which involve body projection actions. In 

these types of sports, proprioception information is usually the main source of information 

for correction of movement patterns, as performers are not usually able to see their movement 

form during the execution of an action. Since movement form is the main criterion for 

assessing the performance of athletes in these kinds of sports, finding appropriate instructions 

for corrections of movement form is critical. The results of study Ⅱ showed that discrete body 

projection actions, which require movement form and do not involve an implement, could 

also benefit from external focus instructions (e.g., using an external cue) for corrections of 

movement patterns.     

 

3.1.1.3 Study Ⅲ 

The results of Study Ⅲ showed that accuracy of dart throws was reduced in limited visual 

feedback in comparison to full visual feedback on the movement outcome, regardless of the 

attentional focus instructions. In other words, visual feedback including KR on the results is 

critical for the performance of a discrete object projection action (e.g., dart throwing task) 

during the acquisition phase. During the acquisition phase, there was no significant difference 

between attentional focus instructions when the participants were asked to focus internally 

on body movements (e.g., hand) or to focus externally on the object (e.g., dart), on the flight 

of the object (e.g., dart), on the target (bull’s eye), or no focus instructions (control), 

regardless of the visual conditions. In addition, there was no interaction between vision and 

attentional focus instructions during the acquisition phase.  

In the retention test, the accuracy of throws was not significantly different between 

the attentional focus groups when vision was available for all participants. In the transfer test, 

the participants in the optimal external focus instructions, i.e., focusing on the flight of the 

dart, performed significantly better than the other groups when they were asked to throw the 

darts at a moving target. 
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3.1.1.4 Study Ⅳ 

The results of Study Ⅳ showed that the advantage of external vs. internal focus of attention 

is independent of visual information for motor performance in a body projection motor task 

(e.g., counter movement jump). Also, jump height was higher in full vision vs. non-vision 

condition, demonstrating that vision is critical for monitoring body position in space and 

perhaps for landing (Bardy & Laurent, 1998; Hondzinski & Darling, 2001; Lee, Young, & 

Rewt, 1992). These results indicated that although vision was critical for optimal performance 

of discrete body projection actions (e.g., jumping), external focus instructions on movement 

effects led to better performance than internal focus or control conditions, regardless of the 

availability of vision.  

 

3.2 General discussion  

The results of studies Ⅰ and Ⅱ showed that the advantages of external over internal focus of 

attention were found in both discrete object (e.g., interceptive timing task) and discrete body 

projection motor actions in children. Specifically, the results of study Ⅰ showed that external 

focus is better than internal focus for enhancing motor performance in an interceptive motor 

task (e.g., catching) in children who were in the early stages of learning motor skills. These 

results suggest that the children's performance was better when they adopted external focus 

instructions compared to internal focus instructions in an interceptive timing motor task (e.g., 

catching) that is under an open-loop (feedforward) control system, but is highly dependent 

on visual information for the final adjustments of movement execution. In other words, 

participants in the external focus conditions could optimally adapt their action with online 

information (i.e., position of the ball in space) compared to the internal focus condition 

(Figure 3, black upward arrow). These results correspond with previous studies, which have 

shown that children benefited from external focus compared to internal focus of attention in 

discrete object projection actions (e.g., basketball free throw, forehand tennis strokes, soccer 

throw-in) which are less dependent on using visual information (Hadler et al., 2014; Perreault 

& French, 2015, Wulf, Chiviacowsky, et al., 2010). 

Performance advantages of external over internal focus of attention were also found 

in study Ⅱ for a discrete body projection motor task in gymnastics (jump and ½ turn), in terms 
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of movement outcome and movement form. The results of study Ⅱ also suggested that 

children who had experience of gymnastics could immediately benefit from external focus 

instructions for correcting their movement patterns, resulting in enhanced movement 

outcome. Therefore, characteristics of movement patterns could be enhanced optimally and 

immediately with external focus rather than internal focus even in experienced gymnasts for 

a discrete body projection task without using an implement. These results are in line with 

previous studies, which have shown advantages of external focus of attention with movement 

form measures in discrete object projection actions using an implement such as golf putting 

(An, Wulf, & Kim, 2013; Christina & Alpenfels, 2014), soccer throw-in (Wulf, 

Chiviacowsky, et al., 2010), and dart throwing (Lohse et al., 2014; Lohse et al., 2010), and 

discrete body projection tasks without an implement such as jumping (Wulf & Dufek, 2009).  

The results of studies Ⅰ and Ⅱ are in line with previous studies (Hadler et al., 2014; 

Perreault & French, 2015; Wulf, Chiviacowsky, et al., 2010), which support the notion of 

advantages of external focus over internal focus of attention in different types of coordinative 

motor tasks in children. However, a number of studies have not shown any difference between 

attentional focus instructions in children. For example, internal focus was more beneficial 

than external focus for performance of a body projection action such as a standing broad jump 

(Chow, Koh, Davids, Button, & Rein, 2014), or for acquisition and retention of object 

projection actions such as dart throwing (Emanuel et al., 2008 or a basketball free throw 

(Perreault & French, 2016). Methodological differences might be the reason for the fact that 

no significant differences were found between attentional focus effects in children (see Wulf, 

2013). Nonetheless, more studies on children are necessary in order to verify this conclusion.  

The results of study Ⅲ indicated that visual feedback on movement outcome, 

including preventing vision from both the flight of the dart to the target for 60% of the 

distance of its flight, and also the dart's landing point on the dartboard, is critical for motor 

planning and upgrading the motor program in a discrete object projection action (e.g., dart 

throwing). These results correspond with Schmidt’s schema theory, which explains that an 

understanding of the relations of four elements of skill execution ‒ including initial 

conditions, generated motor commands, the sensory consequences of these motor commands, 

and movement outcome ‒ is necessary for creating memory representation in the brain (Mass 

et al., 2008; Schmidt & Lee, 2011). Therefore, visual feedback on movement outcome is 



 

53 
 

important for acquisition of a discrete object projection motor skill in order to correct the 

motor program for forthcoming trials, regardless of attentional focus instructions. In addition, 

there was no difference between attentional focus instructions, regardless of whether or not 

the subject received visual feedback on movement outcome in the acquisition phase. These 

results suggest that if visual feedback during a goal-directed movement skill is strongly 

limited by non-visual feedback about the results, the advantage of external focus over internal 

focus is reduced.  

Furthermore, there was no difference between the attentional focus groups in the 

retention test. However, external focus instructions were better than internal or no-focus 

instructions in a transfer test, when the discrete object projection motor task was more 

challenging and visual feedback on the movement outcome was available. These results may 

indicate that an optimal external focus of attention establishes a better connection among the 

four elements of the motor schema in discrete object projection motor tasks. As a result, a 

motor program that has been instructed with optimal external focus instructions has the 

potential to be used in a more effective way later, when performers are faced with a more 

challenging task (Figure 3, white upward arrow). Therefore, discrete object projection motor 

tasks that are typically controlled via a feedforward control system could also be learned with 

external focus instructions, regardless of the availability of visual feedback on the movement 

outcome. The difference between the results of the acquisition and transfer test will be 

discussed later. In short, the results of the transfer test showed that a beneficial effect of 

external focus instructions could emerge when the motor task is more challenging in a discrete 

object projection motor task (Abdollahipour, Bahram, Shafizadeh, & Khalaji, 2008; Landers, 

Wulf, Wallmann, & Guadagnoli, 2005; Wulf, 2007, 2013).   

In addition, receiving or not receiving visual feedback on the movement outcome does 

not prevent learning advantages of external over internal focus of attention when individuals 

are faced with a more challenging task in object projection motor skills (study Ⅲ). 

Specifically, motor tasks that are under a feedforward control system benefit from external 

focus of attention, regardless of the demand on visual information during the skill execution. 

To this extent, these findings point to other cognitively mediated mechanisms such as the one 

that has been proposed in the constrained action hypothesis (Wulf & Lewthwaite, 2010; Wulf, 

McNevin, & Shea, 2001).  
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Figure 3. The completed conceptual model of human performance. Adapted with permission, 

from R.A. Schmidt and C.R. Wrisberg, 2000, Motor learning and performance, 2nd ed. 

(Champaign, IL: Human Kinetics), p. 291.  

 

The results of study Ⅳ suggested that external focus of attention is better than internal 

focus of attention for motor performance of a discrete body projection motor task, regardless 

of availability of vision. According to Schmidt’s schema theory for motor control and 
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learning (Schmidt, 1975, 2003; Schmidt & Lee, 2011), visual information is among the most 

important sensory information before, during and after the execution of a movement. 

Although discrete body projection actions are predominantly controlled by an open-loop 

(feedforward) control system, studies have shown that for optimal performance in discrete 

body projection actions such as aerial tasks (e.g., jumping, gymnastics skills), the visual 

system is necessary for monitoring the position and movement of the body in space and also 

in preparation for landing. When vision is unavailable, feelings of insecurity concerning 

landing increase. Therefore, planning and programming of an action in a blindfold condition 

rely more on other sources of sensory information such as proprioception. The results of study 

Ⅳ showed that the beneficial effects of external focus are independent of vision, indicating 

that other cognitive mechanisms such as CAH might be the reason for the advantages of 

external compared to internal focus instructions in discrete body projection actions.  

The results of the studies conducted within this dissertation suggest that vision is not 

the main mediator of the beneficial effects of external over internal focus of attention. These 

results apply for both discrete object projection tasks (Land et al., 2013; Sherwood et al., 

2014), and discrete body projection tasks (Study Ⅳ). Also, external focus instructions on a 

cue (i.e., marker on the chest of gymnasts) that was virtually not visible during the execution 

of the task enhanced movement outcome and movement form in comparison with internal 

focus instructions on body movements (i.e., arm) in a body projection motor skill (jump and 

half turn) (study Ⅱ). Although in study Ⅱ there was no direct manipulation with visual 

information, the cue ‒ the marker attached to the chest of performers ‒ was not visible during 

the execution of the task. Thus the performers in all attentional focus conditions were not able 

to see the marker during the jump and half turn. Perhaps the image produced by external focus 

(not visual focus) on the marker compared to internal focus on the hands could play a 

mediating role to enhance movement outcome as well as movement form. This study also 

provides indirect evidence for the independence of vision from the mechanisms that underlie 

the advantages of external focus compared with internal focus in body projection motor tasks.   

As already mentioned, the constrained action hypothesis (Wulf, McNevin, & Shea, 

2001; Wulf, Shea, & Park, 2001) states that internal focus of attention interrupts the automatic 

mode of motor control by increasing conscious control of body movements (muscle activity), 

resulting in freezing degrees of freedom for non-optimal execution of a motor action. By 
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contrast, external focus of attention promotes more automatic modes of motor control by 

decreasing conscious attentional demands, resulting in triggering degrees of freedom for 

optimal execution of a motor action.  

Also, less than optimal performance in internal focus compared to external focus 

conditions suggests that internal focus instructions may interrupt automaticity in movement 

control by sending noise to the motor system, thereby increasing unnecessary concentration 

on the self. Therefore, concentration on body movements may prevent performers from 

making use of the benefits of concentration on the goal of action. A recent study by Perreault 

and French (2015) has provided initial evidence for the notion of enhanced goal-action 

coupling with an external focus of attention when children reported more goal-related thought 

in the external focus condition, compared to self-related thoughts in the internal focus 

condition. Our recent study (Abdollahipour, Palomo Nieto, Psotta, & Wulf, 2017) provided 

additional evidence for this claim that external focus compared to internal focus instructions 

directed children’s concentration toward the goal of a task, as children in the external focus 

condition were less able to detect other distracting/unrelated stimuli. Previous studies (e.g., 

Boot, Brockmole, & Simons, 2005) have suggested that the functional attention system 

adjusts concentration on the goal of a task by blocking out salient events that usually interrupt 

attention. The results of a later study (Abdollahipour et al., 2017), also suggest that external 

focus of attention most probably optimizes the functional attention system by helping subjects 

concentrate on the goal of a task, resulting in them paying less attention to salient stimuli. 

These results also suggest that an optimal goal-action coupling occurs by decreasing 

concentration on one’s body parts (internal focus) and increasing concentration on the action 

goal (external focus). 

 

3.2.1 Motor performance versus motor learning in attentional focus instructions 

The difference between the results of acquisition, retention and transfer tests in study Ⅲ is 

not surprising, due to the consolidation effect for motor learning. The majority of studies have 

shown the advantages of external focus over internal focus in retention or transfer tests. For 

example, it has been shown that external focus is better than internal focus during retention 

or transfer tests for motor learning of serial body projection motor tasks such as balance on a 

stabilometer (e.g., Wulf et al., 1998), and in discrete object projection motor tasks such as a 
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basketball free shooting task (e.g., Al-Abood et al., 2002), volleyball serve and soccer kick 

(e.g., Wulf et al., 2002), throwing tennis balls at a target (e.g., Pascua et al., 2015), golf (e.g., 

Wulf et al., 1999; Wulf, McNevin, Fuchs, Ritter, & Toole, 2000), and a dart throwing task 

(e.g., Marchant, Clough, & Crawshaw, 2007). In addition, external focus has been shown to 

be more beneficial than internal focus for discrete body projection tasks such as standing 

long-jump (e.g., Porter et al., 2010). 

Also, some studies have shown immediate benefits for performance associated with 

an external focus of attention. For example, studies have shown that external focus relative 

to internal focus has an immediate effect on the performance outcome of serial body 

projection motor tasks such as standing still on an inflated rubber disc (e.g., Wulf, Landers, 

Lewthwaite, & Töllner, 2009) or Balance Master and Biodex Stability systems (e.g., Landers 

et al., 2005), and in discrete object projection motor tasks such as a disc throwing task 

(Zarghami, Saemi, & Fathi, 2012), or a dart throwing task (e.g., Lohse et al., 2010). In 

addition, external focus has been shown to have immediate advantages for performance over 

internal focus in discrete body projection tasks such as vertical jump (e.g., Wulf & Dufek, 

2009; Wulf, Dufek, Lozano, & Pettigrew, 2010; Wulf, Zachry, Granados, & Dufek, 2007).  

It should be noted that the difference between practice performance and performance 

in retention or transfer tests does not mean that learning processes do not occur during practice 

(Soderstrom & Bjork, 2015). Studies have proposed that learning of motor skills needs time 

to be sustained due to the consolidation effect (Walker, 2005). The theory of consolidation 

for motor learning (Walker, 2005, 2008) proposes that there should be a distinction between 

stabilization, which occurs immediately after practice, and enhancement, which relies on 

sleep and involves sustaining what is learned. Therefore, it is possible that in certain cases, 

the advantages of external focus versus internal focus emerge from a sleep-dependent process 

in certain motor actions. 

 

3.2.2 Limitations and future directions  

There may be a few limitations for these studies. Some non-motor factors might affect the 

motor performance of the participants, but they cannot be under control of the researcher. 

Also, some features of the participant’s behavior during testing such as hesitation, anxiety, 
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timidity, overestimation and underestimation of their abilities, and lack of persistence might 

affect the participant’s motor performance. As a result, it would also be interesting to know 

whether a certain personality type or trait of the participants could be responsible for the 

effects of attentional focus instructions. In addition, due to the time limitation we did not 

examine the effects of attentional focus instructions on continuous body projection motor 

tasks. To have a clearer conclusion about the underlying mechanisms of attentional focus 

instructions, it would be beneficial to investigate the interactions of attentional focus 

instructions and vision on motor performance of continuous body projection motor actions 

that are highly dependent on online visual information. 

Moreover, our observations during the experiments with children (study Ⅰ) indicated 

that there might be some problems with understanding verbal attentional focus instructions 

for children. Therefore, more accurate manipulation checks should be used in future studies 

in order to understand whether children understand verbal instructions in different types of 

motor skills. Also, the experience of children in physical activity and their familiarity with 

certain tasks should be considered. In addition, it is necessary to perform screening of 

educational background for learning motor skills from different teachers/coaches, as well as 

the level of mental development for children.   

 

3.3 Conclusions 

The findings of the studies in this dissertation have provided empirical evidence for critical 

questions in the literature on the possibility of generalizing the beneficial effects of external 

focus of attention versus internal focus on children in motor tasks that use an open-loop 

(feedforward) control system. These include discrete object projection motor tasks such as 

interceptive timing motor skills (catching), which also need visual information to move and 

adjust the position of the hands in time to conform to the trajectory of the ball, or body discrete 

projection motor tasks (jump and ½ turn) that require visual information for monitoring body 

position in space and for landing. Additionally, this dissertation addressed critical questions 

in the literature concerning the role of vision as a potential mechanism for the advantages of 

external focus of attention, demonstrating the independence of attentional focus effects from 

visual information in discrete body projection actions. Furthermore, visual feedback on 

movement outcome is important for the acquisition of discrete object projection actions (e.g., 
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dart throwing), regardless of attentional focus instructions. However, the beneficial effects of 

practicing with external focus instructions emerged when the motor task is performed in a 

more challenging environment, regardless of practicing under visual or non-visual conditions.   

Some methods were used for the first time in attentional focus studies. For example, 

in study Ⅱ concurrent analysis of movement outcome (using Optojump) and movement form 

(using video analysis) for a gymnastics skill was used. Also, in study Ⅰ a throwing ball 

machine (Lobster, Elite Grand 4) was used to increase the accuracy of the thrown balls in 

catching.  

From a practical perspective, the findings of this dissertation provide applicable 

information for teachers and coaches with regard to how they should use verbal instructions 

that direct the attentional focus of learners to the movement effects, compared with verbal 

instructions that direct the attentional focus of learners to the movement techniques in 

different types of coordinative motor skills, including body and object projection motor tasks. 

Therefore, instructors should be careful to provide correct verbal instructions for learners in 

different stages of learning processes.  

Also, coaches who are teaching form-based body projection motor skills which do not 

involve an implement can use verbal instructions that direct the attentional focus of 

performers to external cues. Additionally, metaphors can be used for body projection actions 

that do use an implement, and visual information about external cues is limited. These 

metaphors can produce a mental image of the movement goal without directing attentional 

focus to the movement techniques that encourage internal focus of attention (Wulf et al., 

1999). Those images that have been created by external attentional focus might be responsible 

for producing enhanced performance. It has also been reported that professional ballet 

dancers prefer to use images that direct their attentional focus externally (Guss-West & Wulf, 

2016). Thus, for body projection actions that do not involve an implement (e.g., jumping, 

arabesque), external focus cues or metaphors might be a more effective way to promote 

overall performance. 
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3.4 Summary  

Verbal instructions have been shown to affect the performance and learning of movement 

skills. These verbal instructions have the potential to direct the attentional focus of performers 

to specific aspects of the task in direction of body movement (internal focus) or movement 

effects (external focus). During the past two decades a large body of studies on adults has 

shown that external focus instructions on movement effects are more beneficial than internal 

focus instructions on body movement for the enhancement of motor performance in different 

types of movement skills, including discrete or continuous body projection motor tasks and 

discrete object projection motor tasks.  

The current study addressed the question concerning the possibility of generalizing 

with regard to the influence of attentional focus instructions on motor performance in 

different types of coordinative motor tasks in children. The results showed that external focus 

is better than internal focus for interceptive motor tasks (e.g., catching) in children who are 

in the early stages of learning (study Ⅰ). Also, children who had experience of gymnastics 

could benefit from external focus compared to internal focus of attention in body projection 

tasks that do not involve an implement in terms of movement outcome and movement form 

(study Ⅱ).  

The current research also addressed the question about the influence of attentional 

focus and vision on motor performance and learning in order to understand the role of vision 

as a possible mechanism underlying attentional focus effects. As attention and vision are 

closely related, some researchers have suggested that vision might be a mediator of the 

advantages of external attentional focus relative to internal attentional focus. The results of 

the current research demonstrated that the mechanisms underlying the advantages of external 

focus of attention are independent of vision in discrete body projection tasks (study Ⅳ). These 

results were in line with previous studies, which have indicated the independence of vision 

from the beneficial effects of external focus of attention in discrete object projection motor 

tasks. The current research also addressed the question of the role of visual feedback on 

movement outcome as one of the sources of information for correction of movement pattern 

during the acquisition phase. Also, the advantages of external relative to internal focus of 

attention in retention and transfer tests depend on the availability of visual feedback on 

movement outcome during the acquisition phase. The results showed that although vision is 
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important for successful performance during acquisition of an object projection motor task, 

external focus of attention was more beneficial than internal focus when the task was more 

challenging in the transfer test (study Ⅲ).  

The major contribution of this dissertation to the concept of attentional focus is 

summarized as follows: 

1. The advantages of external focus over internal focus of attention can enhance motor 

performance in interceptive timing motor actions (e.g., catching) that are dependent 

on visual feedback in order to move and adjust the position of the hands in time to 

conform to the trajectory of the ball. 

2. External focus compared to internal focus of attention enhanced not only movement 

outcome but also movement form in discrete body projection motor actions (e.g., jump 

and ½ turn). 

3. Although visual feedback on movement outcome is critical for the acquisition of 

targeting motor skills regardless of attentional focus instructions, advantages of 

practicing with optimal external focus relative to internal focus instructions could be 

found in more challenging situations for discrete object projection motor actions (e.g., 

dart throw) when individuals perform the motor task in more challenging conditions. 

4. The advantages of external over internal focus of attention is independent of visual 

information from the environment in discrete body projection motor actions (e.g., 

jumping).  

 



 

62 
 

References 

Abdollahipour, R., Bahram, A., Shafizadeh, M., & Khalaji, H. (2008). The effects of 

attentional focus on the learning of a soccer dribbling-task in children and adolescences. 

Journal of Movement Sciences & Sports, 1, 83-92. 

Abdollahipour, R., Palomo Nieto, M., Psotta, R., & Wulf, G. (2017). External focus of 

attention and autonomy support have additive benefits for motor performance in 

children. Psychology of Sport and Exercise, 32, 17-24.  

Abdollahipour, R., & Psotta, R. (2017). Is an external focus more beneficial than an internal 

focus of attention to ball catching in children? Kinesiology, 49, 235-241. 

Abdollahipour, R., Psotta, R., & Land, W. (2016). The influence of attentional focus 

instructions and vision on jump height performance. Research Quarterly for Exercise 

and Sport, 87, 408-413. 

Abdollahipour, R., Psotta, R., Palomo Nieto, M., Rouzbahani, M., Nikdast, H., & Bahram, 

A. (2014). Effects of attentional focus instructions on the learning of a target task: A 

moderation role of visual feedback. Kinesiology, 46, 210-217.  

Abdollahipour, R., Wulf, G., Psotta, R., & Palomo Nieto, M. (2015). Performance of 

gymnastics skill benefits from an external focus of attention. Journal of Sports Sciences, 

37, 1807-1813.  

Al-Abood, S. A., Bennett, S. J., Hernandez, F. M., Ashford, D., & Davids, K. (2002). Effects 

of verbal instructions and image size on visual search strategies in basketball free throw 

shooting. Journal of Sports Sciences, 20, 271-278.  

An, J., Wulf, G., & Kim, S. (2013). Carry distance and X-factor increases in golf through an 

external focus of attention. Journal of Motor Learning and Development, 1, 2-11. 

APA (2013). Diagnostic and statistical manual of mental disorders. Fifth edition (DSM-

5TM). Washington, DC: American Psychiatric Publishing. 

Baddeley, D., & Longman, D. J. A. (1978). The influence of length and frequency of training 

session on the rate of learning to type. Ergonomics, 21, 627-635.  

Bardy, B. G., & Laurent, M. (1998). How is body orientation controlled during 

somersaulting? Journal of Experimental Psychology: Human Perception and 

Performance, 24, 963-977.  



 

63 
 

Bell, J. J., & Hardy, J. (2009). Effects of attentional focus on skilled performance in 

golf. Journal of Applied Sport Psychology, 21, 163-177.  

Boot, W. R., Brockmole, J. R., & Simons, D. J. (2005). Attention capture is modulated in 

dual-task situations. Psychonomic Bulletin and Review, 12, 662-668.  

Cesqui, B., d’Avella, A., Portone, A., & Lacquaniti, F. (2012). Catching a ball at the right 

time and place: Individual factors matter. PLoS ONE, 7, e31770.  

Chow, J. Y., Koh, M., Davids, K., Button, C., & Rein, R. (2014). Effects of different 

instructional constraints on task performance and emergence of coordination in 

children. European Journal of Sport Science, 14, 224-232. 

Christina, R. W., & Alpenfels, E. (2014). Influence of attentional focus on learning a swing 

path change. International Journal of Golf Science, 3, 35-49. 

Davids, K. (2002). Interceptive actions in sport: Information and movement. London, United 

Kingdom: Routledge.  

Desmurget, M., & Grafton, S. (2000). Forward modeling allows feedback control for fast 

reaching movements. Trends in Cognitive Sciences, 4, 423-431.  

Emanuel, M., Jarus, T., & Bart, O. (2008). Effect of focus of attention and age on motor 

acquisition, retention, and transfer: A randomized trial. Physical Therapy, 88, 251-260. 

Faul, F., & Erdfelder, E. (1992). GPOWER: A priori, posthoc, and compromise power 

analyses for MS-DOS [Computer software]. Bonn: Bonn University. 

Freudenheim, A. M., Wulf, G., Madureira, F., Pasetto, S. C., & Corrêa, U. C. (2010). An 

external focus of attention results in greater swimming speed. International Journal of 

Sports Science and Coaching, 5, 533-542.  

Gallahue, D. L., Ozmun, J. C., & Goodway, J. D. (2012). Understanding motor development. 

Boston, MA: McGraw-Hill. 

Gentile, A. M. (2000). Skill acquisition: Action, movement, and neuromotor processes. In J. 

H. Carr & R. D. Shepherd (Eds.), Movement science: Foundations for physical therapy 

(2nd ed., pp. 111-187). Rockville, MD: Aspen. 

Glatthorn, J. F., Gouge, S., Nussbaumer, S., Stauffacher, S., Impellizzeri, F. M., & 

Maffiuletti, N. A. (2011). Validity and reliability of Optojump photoelectric cells for 

estimating vertical jump height. Journal of Strength and Conditioning Research, 25, 

556-560.  



 

64 
 

Gottlieb, J. (2012). Attention, learning and the value of information. Neuron, 76, 281-295.  

Guss-West, C., & Wulf, G. (2016). Attentional focus in classical ballet: Findings, a survey 

with professional dancers, and recommendations. Journal of Dance Medicine and 

Science, 20, 23-29.  

Hadler, R., Chiviacowsky, S., Wulf, G., & Schild, J. F. G. (2014). Children’s learning of 

tennis skills is facilitated by external focus instructions. Motriz: Revista De Educacao 

Fisica, 20, 418-422.  

Haywood, K., Roberton, M., & Getchell, N. (2012). Advanced analysis of motor 

development. Champaign, IL: Human Kinetics. 

Henderson, S. E., Sugden, D. A., & Barnett, A. (2007). Movement Assessment Battery for 

Children-2. 2nd edition (Movement ABC-2). Examiner’s manual. London, United 

Kingdom: Pearson Assessment. 

Hodges, N. J., & Ford, P. (2007). Skillful attending, looking and thinking. Bewegung und 

Training, 1, 23-24. 

Hondzinski, J. M., & Darling, W. G. (2001). Aerial somersault performance under three 

visual conditions. Motor Control, 5, 281-300. 

James, W. (1890). The principles of psychology (Vol. 2). New York, NY: Holt. 

Kal, E. C., van der Kamp, J., & Houdijk, H. (2013). External attentional focus enhances 

movement automatization: A comprehensive test of the constrained action hypothesis. 

Human Movement Science, 32, 527-539. 

Kandel, E. R. (2007). In search of memory: The emergence of a new science of mind. New 

York, NY: W. W. Norton & Company. 

Kawato, M. (1999). Internal models for motor control and trajectory planning. Current 

Opinion in Neurobiology, 9, 718-727.  

Kuhn, Y., Keller, M., Ruffieux, J., & Taube, W. (2017). Adopting an external focus of 

attention alters intracortical inhibition within the primary motor cortex. Acta 

Physiologica, 220, 289-299.  

Künzell, S. (2007). Optimal attentional focus in practical sport settings: Always external or 

task specific? In E.-J. Hossner & N. Wenderoth (Eds.), Wulf on attentional focus and 

motor learning [Target article]. Deutsche Vereinigung für Sportwissenschaft. E-

Journal Bewegung und Training, 1, 27–28. 



 

65 
 

Land, W. M., Tenenbaum, G., Ward, P., & Marquardt, C. (2013). Examination of visual 

information as a mediator of external focus benefits. Journal of Sport and Exercise 

Psychology, 35, 250-259. 

Landers, M., Wulf, G., Wallmann, H., & Guadagnoli, M. (2005). An external focus of 

attention attenuates balance impairment in patients with Parkinson’s disease who have 

a fall history. Physiotherapy, 91, 152-158.  

Landin, D. K. (1994). The role of verbal cues in skill learning. Quest, 46, 299-313. 

Lavallee, D., Kremer, J., Moran, A. P., & Williams, M. (2012). Sport psychology: 

Contemporary themes (2nd ed.). London, United Kingdom: Palgrave. 

Lee, D. N., Young, D. S., & Rewt, D. (1992). How do somersaulters land on their 

feet? Journal of Experimental Psychology: Human Perception and Performance, 18, 

1195-1202. 

Lee, T. D., & Magill, R. A. (1983). The locus of contextual interference in motor-skill 

acquisition. Journal of Experimental Psychology: Learning, Memory, and Cognition, 

9, 730-746. 

Lee, T. D., Magill, R. A., & Weeks, D. J. (1985). Influence of practice schedule on testing 

schema theory predictions in adults. Journal of Motor Behavior, 17, 283-299. 

Lishman, J. R., & Lee, D. N. (1973). The autonomy of visual kinaesthesis. Perception, 2, 

287-294. 

Lohse, K. R., Jones, M. C., Healy, A. F. & Sherwood, D. E. (2014). The role of attention in 

motor control. Journal of Experimental Psychology: General, 143, 930-948.  

Lohse, K. R., & Sherwood, D. E. (2012). Thinking about muscles: The neuromuscular effects 

of attentional focus on accuracy and fatigue. Acta Psychologica, 140, 236-245.  

Lohse, K. R., Sherwood, D. E., & Healy, A. F. (2010). How changing the focus of attention 

affects performance, kinematics, and electromyography in dart throwing. Human 

Movement Science, 29, 542-555.  

Magill, R. A., Chamberlin, C. J., & Hall, K. G. (1991). Verbal knowledge of results as 

redundant information for learning an anticipation timing skill. Human Movement 

Science, 10, 485-507.  



 

66 
 

Marchant, D. C., Clough, P. J., & Crawshaw, M. (2007). The effects of attentional focusing 

strategies on novice dart throwing performance and their task experiences. 

International Journal of Sport and Exercise Psychology, 5, 291-303.  

Marchant, D. C., Clough, P. J., Crawshaw, M., & Levy, A. (2009). Novice motor skill 

performance and task experience is influenced by attentional focus instructions and 

instruction preferences. International Journal of Sport and Exercise Psychology, 7, 

488-502. 

Marchant, D. C., Greig, M., & Scott, C. (2009). Attentional focusing instructions influence 

force production and muscular activity during isokinetic elbow flexions. Journal of 

Strength and Conditioning Research, 23, 2358-2366. 

Mass, E., Robin, D., Austermann Hula, S., Freedman, S., Wulf, G., Ballard, K., & Schmidt, 

R. A. (2008). Principles of motor learning in treatment of motor speech disorders. 

American Journal of Speech Language Pathology, 17, 277-298.  

Maurer, H., & Zentgraf, K. (2007). On the how and why of the external focus learning 

advantage. Bewegung und Training, 1, 31-32.  

McNevin, N. H., Shea, C. H., & Wulf, G. (2003). Increasing the distance of an external focus 

of attention enhances learning. Psychological Research, 67, 22-29.   

Nideffer, R. M. (1976). Test of attentional and interpersonal style. Journal of Personality and 

Social Psychology, 34, 394-404. 

Nideffer, R. M. (1993). Attention control training. In R. N. Singer, M. Murphey, & L. K. 

Tennant (Eds.), Handbook of research on sport psychology (pp. 542-556).  New York, 

NY: Macmillan. 

Park, J., & Shea, C. H. (2003). Effect of practice on effector independence. Journal of Motor 

Behavior, 35, 33-40. 

Park, J., & Shea, C. H. (2005). Sequence learning: Response structure and effector 

transfer. Quarterly Journal of Experimental Psychology Section A: Human 

Experimental Psychology, 58, 387-419.  

Pascua, L. A. M., Wulf, G., & Lewthwaite, R. (2015). Additive benefits of external focus and 

enhanced performance expectancy for motor learning. Journal of Sports Sciences, 33, 

58-66. 



 

67 
 

Peh, S. Y., Chow, J. Y., & Davids, K. (2011). Focus of attention and its impact on movement 

behaviour. Journal of Science and Medicine in Sport, 14, 70-78. 

Perreault, M. E., & French, K. E. (2015). External-focus feedback benefits free-throw 

learning in children. Research Quarterly for Exercise and Sport, 86, 422-427.  

Perreault, M. E., & French, K. E. (2016). Differences in children’s thinking and learning 

during attentional focus instruction. Human Movement Science, 45, 154-160. 

Porter, J. M., Ostrowski, E. J., Nolan, R. P., & Wu, W. F. W. (2010). Standing long-jump 

performance is enhanced when using an external focus of attention. Journal of Strength 

and Conditioning Research, 24, 1746-1750.  

Prinz, W. (1990). A common coding approach to perception and action. In O. Neumann & 

W. Prinz (Eds.), Relationships between perception and action (pp. 167-201). Berlin, 

Germany: Springer-Verlag. 

Prinz, W. (1997). Perception and action planning. European Journal of Cognitive 

Psychology, 9, 129-154.  

Psotta, R. (2014). MABC-2 – Test motoriky pro děti [MABC-2 Movement assessment battery 

for children]. Prague, Czech Republic: Hogrefe – Testcentrum. 

Russell, D. M. (2007). Attentional focus on the invariant control variables. Bewegung und 

Training, 1, 47-48.  

Saalmann, Y. B., & Kastner, S. (2011). Cognitive and perceptual functions of the visual 

thalamus. Neuron, 71, 209-223.  

Schlesinger, M., Porter, J., & Russell, R. (2013). An external focus of attention enhances 

manual tracking of occluded and visible targets. Frontiers in Psychology, 3, 591.  

Schmidt, R. A., & Wrisberg, C. R. (2000). Motor learning and performance, (2nd ed.). 

Champaign, IL: Human Kinetics.  

Schmidt, R. A. (1975). A schema theory of discrete motor skill learning. Psychological 

Review, 82, 225-260. 

Schmidt, R. A. (2003). Motor schema theory after 27 years: Reflections and implications for 

a new theory. Research Quarterly for Exercise and Sport, 74, 366-375. 

Schmidt, R. A., & Lee, T. D. (2011). Motor control and learning: A behavioral analysis (5th 

ed.). Champaign, IL: Human Kinetics. 



 

68 
 

Schücker, L., Hagemann, N., Strauss, B., & Völker, K. (2009). The effect of attentional focus 

on running economy. Journal of Sport Sciences, 12, 1242-1248.  

Shea, C. H., & Kohl, R. M. (1991). Composition of practice: Influence on the retention of 

motor skills. Research Quarterly for Exercise and Sport, 62, 187-195. 

Shea, C. H., Kohl, R., & Indermill, C. (1990). Contextual interference: Contributions of 

practice. Acta Psychologica, 73, 145-157.  

Shea, C. H., Lai, Q., Black, C., & Park, J. (2000). Spacing practice sessions across days 

benefits the learning of motor skills. Human Movement Science, 19, 737-760. 

Shea, J. B., & Morgan, R. L. (1979). Contextual interference effects on the acquisition, 

retention, and transfer of a motor skill. Journal of Experimental Psychology: Human 

Learning and Memory, 5, 179-187. 

Sherwood, D. E., Lohse, K. R., & Healy, A. F. (2014). Judging joint angles and movement 

outcome: Shifting the focus of attention in dart-throwing. Journal of Experimental 

Psychology: Human Perception and Performance, 40, 1903-1914.  

Singer, R. N., Lidor, R., & Cauraugh, J. H. (1994). Focus of attention during motor skill 

performance. Journal of Sports Sciences, 12, 335-340. 

Soderstrom, N. C., & Bjork, R. A. (2015). Learning versus performance: An integrative 

review. Perspectives on Psychological Science, 10, 176-199.  

Swinnen, S. P. (1996). Information feedback for motor skill learning: A review. In H. N. 

Zelaznik (Ed.), Advances in motor learning and control (pp. 37-66). Champaign, IL: 

Human Kinetics. 

Tayler, M. A., & Davids, K. (1997). Catching with both hands: An evaluation of neural 

crosstalk and coordinative structure models of bimanual coordination. Journal of Motor 

Behavior, 29, 254-262.  

Totsika, V., & Wulf, G. (2003). The influence of external and internal foci of attention on 

transfer to novel situations and skills. Research Quarterly for Exercise and Sport, 74, 

220-225.  

Tukey, J. W. (1977). Exploratory data analysis. Reading, PA: Addison-Wesley. 

Van Rossum, J. H. A. (1990). Schmidt’s schema theory: The empirical base of the variability 

of practice hypothesis. A critical analysis. Human Movement Science, 9, 387-435. 



 

69 
 

Vickers, J. (2007). Perception, cognition, and decision training: The quiet eye in action. 

Champaign, IL: Human Kinetics. 

Walker, M. P. (2005). Past, present, and the future: Discussions surrounding a new model of 

sleep-dependent learning and memory processing. Behavioral and Brain Sciences, 28, 

87-104.  

Walker, M. P. (2008). Sleep-dependent memory processing. Harvard Review of 

Psychiatry, 16, 287-298. 

Wrisberg, C. A. (2007). An applied sport psychological perspective on the relative merits of 

an external and internal focus of attention. In E.-J. Hossner & N. Wenderoth (Eds.), 

Wulf on attentional focus and motor learning [Target article]. Deutsche Vereinigung 

für Sportwissenschaft. E-Journal Bewegung und Training, 1, 53-54. 

Wulf, G. (2007). Attention and motor skill learning. Champaign, IL: Human Kinetics. 

Wulf, G. (2013). Attentional focus and motor learning: A review of 15 years. International 

Review of Sport and Exercise Psychology, 6, 77-104. 

Wulf, G., Chiviacowsky, S., Schiller, E., & Ávila, L. T. (2010). Frequent external-focus 

feedback enhances motor learning. Frontiers in Psychology, 1, 190.  

Wulf, G., & Dufek, J. S. (2009). Increased jump height with an external focus due to enhanced 

lower extremity joint kinetics. Journal of Motor Behavior, 41, 401-409. 

Wulf, G., Dufek, J. S., Lozano, L., & Pettigrew, C. (2010). Increased jump height and reduced 

EMG activity with an external focus. Human Movement Science, 29, 440-448.  

Wulf, G., Höß, M., & Prinz, W. (1998). Instructions for motor learning: Differential effects 

of internal versus external focus of attention. Journal of Motor Behavior, 30, 169-179.  

Wulf, G., Landers, M., Lewthwaite, R., & Töllner, T. (2009). External focus instructions 

reduce postural instability in individuals with Parkinson disease. Physical Therapy, 

89, 162-168.  

Wulf, G., Lauterbach, B., & Toole, T. (1999). The learning advantages of an external focus 

of attention in golf. Research Quarterly for Exercise and Sport, 70, 120-126. 

Wulf, G., & Lee, T. D. (1993). Contextual interference effects in movements of the same 

class: Differential effects on program and parameter learning. Journal of Motor 

Behavior, 25, 254-263. 

http://faculty.unlv.edu/wpmu/gwulf/files/2014/05/External-focus-PD-PTJ-2009.pdf
http://faculty.unlv.edu/wpmu/gwulf/files/2014/05/External-focus-PD-PTJ-2009.pdf
http://faculty.unlv.edu/wpmu/gwulf/files/2014/05/External-focus-PD-PTJ-2009.pdf


 

70 
 

Wulf, G., & Lewthwaite, R. (2010). Effortless motor learning? An external focus of attention 

enhances movement effectiveness and efficiency. In B. Bruya (Ed.), Effortless 

attention: A new perspective in attention and action (pp. 75-101). Cambridge, MA: 

MIT Press. 

Wulf, G., & Lewthwaite, R. (2016). Optimizing Performance through Intrinsic Motivation 

and Attention for Learning: The OPTIMAL theory of motor learning. Psychonomic 

Bulletin and Review, 23, 1382-1414. 

Wulf, G., McConnel, N., Gartner, M., & Schwarz, A. (2002). Enhancing the learning of sport 

skills through external-focus feedback. Journal of Motor Behavior, 34, 171-182. 

Wulf, G., McNevin, N. H., Fuchs, T., Ritter, F., & Toole, T. (2000). Attentional focus in 

complex skill learning. Research Quarterly for Exercise and Sport, 71, 229-239.  

Wulf, G., McNevin, N., & Shea, C. H. (2001). The automaticity of complex motor skill 

learning as a function of attentional focus. Quarterly Journal of Experimental 

Psychology Section A: Human Experimental Psychology, 54, 1143-1154. 

Wulf, G., & Schmidt, R. A. (1997). Variability of practice and implicit motor 

learning. Journal of Experimental Psychology: Learning, Memory, and Cognition, 

23, 987-1006. 

Wulf, G., & Shea, C. H. (2004). Understanding the role of augmented feedback: The good, 

the bad, and the ugly. In A. M. Williams & N. J. Hodges (Eds.), Skill acquisition in 

sport: Research, theory and practice (pp. 121-144). London, United Kingdom: 

Routledge. 

Wulf, G., Shea, C. H., & Park, J. H. (2001). Attention and motor performance: Preferences 

for and advantages of an external focus. Research Quarterly for Exercise and Sport, 72, 

335-344.  

Wulf, G., & Su, J. (2007). External focus of attention enhances golf shot accuracy in 

beginners and experts. Research Quarterly for Exercise and Sport, 78, 384-389. 

Wulf, G., Zachry, T., Granados, C., & Dufek, J. S. (2007). Increases in jump-and-reach height 

through an external focus of attention. International Journal of Sport Science and 

Coaching, 2, 275-282.  

Zarghami, M., Saemi, E., & Fathi, I. (2012). External focus of attention enhances discus 

throwing performance. Kinesiology, 44, 47-51. 



 

71 
 

Appendices 

Permissions 

 



 

72 
 

 



 

73 
 

 



 

74 
 



 

75 
 

 Permission ID: 14919 / Schmidt 

Dear Reza, 

 

We are pleased to approve your permission request for one-time use of figure 11.1 (“the 

completed conceptual model of human performance, which his used here as a basis for the 

organization of an effective practice”) on page 291 of Motor Learning and Performance, 

Second Edition, in your PhD thesis at Palalcky University Olomouc. This is your 

confirmation that we are granting nonexclusive print and electronic rights, for worldwide 

distribution, contingent upon your use of the following credit line adjacent to the reprinted 

and the adapted material (i.e., under both figures you attached). 

  

CREDIT LINE: 

Reprinted [or Adapted], with permission, from R.A. Schmidt and C.R. Wrisberg, 2000, Motor 

learning and performance, 2nd ed. (Champaign, IL: Human Kinetics), 291.  

  

FEE: WAIVED 

In the future, should you wish to formally publish this material, please request permission 

again. 

  

Best regards, 

Martha 

  

Martha Gullo 

Permissions Coordinator 

Human Kinetics, Inc. 

www.humankinetics.com  

P: 217-351-5076 ext. 2223 

F: 217-351-2674 

E: marthag@hkusa.com 

https://owa.upol.cz/owa/redir.aspx?C=0UceNgT2u1dEX9XGm9LAdZCVUjNceE2mHX2tK7pmS-v4jJEFVD3VCA..&URL=http%3a%2f%2fwww.humankinetics.com%2f
https://owa.upol.cz/owa/redir.aspx?C=ft7gMh1ZqYe6aT_wVmKpR11TE8RM8i6Fzx-_iRwAfnP4jJEFVD3VCA..&URL=mailto%3amarthag%40hkusa.com

