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ABSTRACT 

A growing body of recent research has pointed to the potential value of allowing learners to have 

some autonomy in shaping their learning environment. Studies of this so-called self-control 

effect have demonstrated that allowing learners to control some aspect of the instructional setting 

facilitates motor learning compared to conditions that are controlled externally. The purpose of 

the present study is to examine how learners ostensibly provided self-control over feedback 

behave when the actual availability of feedback is constrained by a predetermined schedule of 

coach availability to provide feedback. Furthermore, an investigation into potential underlying 

mechanisms will be examined through a self-determination theory (SDT) lens. Participants were 

assigned to one of four feedback groups – 100% feedback group (KR100), 50% feedback group 

(KR50), self-controlled feedback group (SC), and yoked group (YK) – in order to learn a key-

pressing task. Post training measures of basic need satisfaction were obtained through a modified 

version of the Basic Psychological Needs Satisfaction Survey (BPNS). The acquisition phase 

consisted of 72 practice trials of the key-pressing task. Approximately 24 hours after acquisition, 

each participant returned to complete tests of retention and transfer. Results revealed a 

significantly lower absolute constant error (ACE) score for the SC group during transfer (p < 

.05). There were also no significant differences between group BPNS sub-category scores. The 

results of this study suggest evidence for the robustness of the SC effect in a reduced feedback 

availability environment as well as evidence supporting underlying mechanisms other than 

motivation as driving the effect. Secondly, the results provide some evidence for the role of 

scarcity in elevating the number of feedback requests in a reduced autonomy environment. 
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CHAPTER 1 

Introduction 
 

Identifying and understanding the factors that facilitate motor learning is a keystone goal 

in motor behavior research. Traditionally, the experimenter has determined all aspects of 

instructional settings in motor learning research (e.g., Nicholson & Schmidt, 1991; Schmidt, 

1991; Yao, Fischman, & Wang, 1994). A growing body of research, however, points to the 

potential value of allowing learners to have some autonomy in shaping their experience. Studies 

of so-called self-control effects have demonstrated that allowing learners to control some aspect 

of the instructional setting (e.g., the administration of feedback) facilitates motor learning 

compared to conditions that are controlled entirely by the researcher. Self-control experiments 

most often include acquisition, retention, and transfer phases. Typically, the latter two phases 

occur after a delay (usually 24 hours). The basic experimental design compares two groups. One 

group is the self-control group and the other is a yoked control group whose schedule of 

instructional assistance (e.g., a feedback schedule) is created by matching each participant to a 

self-control counterpart. The yoking procedure originated from studies examining augmented 

feedback effects (e.g., Janelle et al., 1997) to ensure equivalent feedback frequencies across 

groups – a variable known to affect motor learning – but has been widely adopted even in studies 

examining other forms of instructional assistance (e.g., physical guidance or demonstrations).  

Self-control effects have been found to facilitate motor learning using a number of 

different modes of instructional assistance, including video modeling (e.g., Ste-Marie, Vertes, 

Law, & Rymal,, 2013; Wulf, Raupach, & Pfeiffer, 2005), physical guidance (e.g., Chiviacowsky, 

Wulf, Lewthwaite, & Campos, 2012; Wulf, Shea, & Park, 2001; Wulf & Toole, 1999), practice 

schedule (e.g., Keetch & Lee, 2007; Wu & Magill, 2011), amount of practice (e.g., Post, 
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Fairbrother, & Barros, 20110) and augmented feedback (e.g., Chiviacowsky & Wulf, 2002; 

Huet, Jacobs, Camachon, Goulon, & Montagne, 2009; Janelle, Kim, & Singer, 1995; Lim et al., 

2015; Patterson & Carter, 2010). The most commonly used manipulation of instructional 

assistance has been self-control over augmented feedback. 

A number of different explanations have been forwarded to account for the effects of the 

self-control manipulations on motor learning. One of these explanations (e.g., Chiviacowsky & 

Wulf, 2002) argues that the self-control allows the learner to tailor their own feedback schedule 

to more optimally meet their learning needs and preferences. Such tailoring may lead to more 

effective learning strategies compared to externally controlled schedules (Chen, Hendrick, & 

Lidor, 2002; Sanli, Patterson, Bray, & Lee, 2013). Another explanation (Janelle et al., 1997) 

notes that self-control may lead to deeper information processing or greater task engagement. 

Some studies have indicated that self-control was associated with longer preparation times (Post, 

Fairbrother, & Barros, 2011) or more references to instructional materials (Aiken et al., 2012). A 

third explanation posits that the provision of self-control increases the learner’s motivation, self-

efficacy, autonomy, and perceived competence (e.g., Saemi, Wulf, Varzaneh, & Zarghami, 2011; 

Chiviacowsky, Wulf, & Lewthwaite, 2012; Chiviacowsky, 2014; Wulf, Chiviacowsky, Cardozo, 

2014; Grand et al., 2015). Wulf and Lewthwaite (2016) have argued that enhanced expectancies 

result in positive preparatory effects and that feedback delivered after so-called good trials 

potentially creates dopaminergic reinforcement cycles. This argument, however, neglects the 

findings showing that self-control participants do not always show preferences for feedback that 

confirms success (i.e., after good trials) over feedback that identifies errors (e.g., Aiken et al., 

2012).  
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The research exploring the role of motivation in self-control effects has largely been 

conducted within one of two theoretical frameworks – Bandura’s conceptualization of self-

efficacy (Bandura, 1977) and Self-Determination Theory (SDT; Deci & Ryan, 1985). Research 

using adaptations of Bandura’s self-efficacy scale (Bandura, 2006) has found enhancement of 

self-efficacy in self-control groups both during and after practice (Saemi et al., 2013; Ste-Marie 

et al., 2013). Similarly, research using the Intrinsic Motivation Inventory (IMI) from SDT has 

found higher perceived competence and intrinsic motivation in self-control groups during and 

after practice (Saemi et al., 2011; Chiviacowsky et al., 2012; Ste-Marie et al., 2013; Grand et al., 

2015). Thus far, this area of inquiry has been limited by the independent or disjointed use of 

multiple theoretical frameworks to explain findings. A more fruitful approach would be to adopt 

a single encompassing framework such as that provided by SDT in an effort to understand how 

self-control manipulations influence participants’ experiences when learning motor skills.  

 SDT is a meta-theory that describes the forces that drive intrinsic motivation within an 

individual. Within this theoretical framework, intrinsic motivation is said to be a basic lifelong 

psychological growth function that is driven by the satisfaction of key psychological needs 

inherent to all humans. These are the need to feel competence, the need to feel relatedness, and 

the need to feel autonomous. Feelings of competence emerge from the need to engage in 

challenges that result in experiences of mastery or effectiveness. Relatedness is the need that 

drives individuals to seek attachments so they experience feelings of security, belongingness, and 

intimacy with others. Autonomy is the need to intrinsically self-regulate and self-organize one’s 

own behavior. Individual differences and social conditions that support the satisfaction of these 

basic needs lead to higher levels of intrinsic motivation, whereas those that thwart the 

satisfaction of any of the basic needs lead to a reduction in motivation (Deci & Ryan, 2000). The 
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use of SDT as the theoretical framework provides a more comprehensive understanding of the 

combined and independent effects of the three basic psychological needs on motivation when 

participants learn motor skills. Additionally, SDT provides a viable avenue for the identification 

of potential psychological mechanisms underlying self-control effects.  

Statement of the Problem 

 Research on the effects that self-control has on motor learning have yet to produce 

substantive theoretical insight into the phenomenon. This limitation arises from the relatively 

narrow scope of the existing literature that has focused on establishing the self-control effect and 

the vague nature of the proposed explanations due to post hoc speculation and a lack of 

theoretically grounded research designs. Considerations of real-world constraints are also limited 

within the domain, posing problems in applicability with respect to the self-controlled effect. 

Current research within self-control has consistently given self-control participants control to 

request feedback at any time throughout the entirety of practice. With the exception of the 

Andrieux, Boutin, and Thon (2015) study that imposed a fifty percent self-control and fifty 

percent prescribed practice condition, no other study has examined the effects of a partial self-

control schedule. Furthermore, no study has considered the logical argument of the real-world 

constraint of the randomness and limitation of coach availability during practice or the empirical 

argument of how this constraint may effect perceptions of autonomy, competence, and 

relatedness during skill acquisition. Many studies have vaguely suggested that autonomy may be 

the driving mechanism behind the self-control effect; however, presently no study has directly 

measured autonomy with a validated instrument of measure. Providing such considerations 

through the SDT lens could lead to a better understanding of the theoretical mechanism driving 

the self-control effect.  
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Purpose of the Study 

 The purpose of the present study is to examine how learners ostensibly provided self-

control over feedback behave when the actual availability of feedback is constrained by a 

predetermined schedule of coach availability to provide feedback. More specifically, the present 

study was designed to investigate if the self-control effect persists in a reduced autonomy 

environment.  

Hypotheses 

 Based on the existing body of literature within self-control, the following hypotheses 

were tested: 

1. The self-control group will show better learning than all other groups, as inferred through 

24-hour tests of retention and transfer. 

2. The self-control group will show higher scores for perceived competence than all other 

groups. 

3. The self-control group will show higher scores for perceived autonomy than all other 

groups. 

Assumptions 

1. Participants had no prior experience with the experimental task. 

2. Participants performed to the best of their abilities through the entirety of the study. 

3. Participants were honest in their responses to all questions on the questionnaires. 

Delimitations 

1. The study was completed in a laboratory setting. 

2. Participants were naïve to the purpose of the study. 

3. Participation was voluntary. 
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Limitations 

1. The experimental task was a simple motor task involving a key press. 

2. The data collector was not blind to the study. 

3. Measures for all questionnaires (autonomy, competence, post-training, and post-

experiment) were self-reported measures. 

Definition of Terms 

Absolute Constant Error (ACE). The average absolute deviation for a block set of 

scores from a target value. 

Absolute Error (AE). The average absolute deviation of each of a set of scores from a 

target value; a measure of overall error (Schmidt & Lee, 2014). 

Acquisition. The initial phase of a motor learning study during which the participant 

practices the motor task (Janelle, Kim, & Singer, 1995).  

Augmented feedback. Information about a movement that is provided to the learner 

from an outside source (Fairbrother, 2010).  

Autonomy. An individual’s experience of choice in their ability to regulate themselves in 

pursuit of self-selected goals (Deci & Ryan, 1985)  

Average feedback. A type of augmented feedback that presents a statistical average of 

two or more trials, rather than results on any one of them (Schmidt & Lee, 2014). 

Bandwidth feedback. A procedure for delivering feedback in which errors are signaled 

only if they fall outside some range of correctness (Schmidt & Lee, 2014). 

Basic psychological needs (BPN). The needs for autonomy, competence, and relatedness 

that specify innate psychological nutriments, essential for ongoing psychological 

growth, integrity, and well-being (Deci & Ryan, 1985).  



 7 

Competence. The basic psychological need to feel efficacious with respect to a 

performed activity, analogous to self-efficacy (Ryan & Deci, 2000).  

Constant error (CE). The signed difference of a score on a given trial from a target 

value; a measure of bias for that trial (Schmidt & Lee, 2014). 

Dopaminergic system. System associated with the reward or motivation system which 

subserves brain activity relevant to motor, cognitive, and motivational functioning 

(Wulf & Lewthwaite, 2016). 

Enhanced expectancies. Raising performer’s expectancies by informing them that their 

peers performed well on a certain task or that they themselves were likely to 

perform well under pressure (Wulf et al., 2011) 

Extrinsic feedback. See augmented feedback. 

Faded feedback. The practice in delivering feedback whereby the frequency of feedback 

is decreased systematically across trials (Schmidt & Lee, 2014). 

Feedback. Sensory information in regards to a movement (Magill, 2007).  

Guidance. A procedure used in practice in which the learner is physically or verbally 

directed through the performance in order to improve performance (Schmidt & 

Lee, 2014). 

Guidance hypothesis. Viewpoint that feedback guides the learner toward the desired 

movement, and can also lead to dependence when always present (Salmoni, 

Schmidt, & Walter, 1984). 

Inherent feedback. Information provided as a natural consequence of making an action; 

sometimes called intrinsic feedback (Schmidt & Lee, 2014). 

Intrinsic feedback. See inherent feedback. 



 8 

Individual differences. Stable, enduring differences among people in terms of some 

measurable characteristic or performance of some task (Schmidt & Lee, 2014). 

Intrinsic motivation. A non-drive-based form of motivation, where the energy to act 

and/or behave is intrinsic to the nature of the organism (Deci & Ryan, 1985).  

Knowledge of performance (KP). Augmented feedback about the nature of a movement 

(Fairbrother, 2010). 

Knowledge of results (KR). Augmented feedback about the outcome of a movement 

(Fairbrother, 2010). 

Modeling. A practice procedure in which another person demonstrates the skills to be 

learned (Schmidt & Lee). 

Motor learning. A set of processes associated with practice or experience leading to 

relatively permanent changes in the capability for movement. (Schmidt & Lee, 

2011). 

Perceived locus of causality (PLOC). Interpersonal perception of how one infers the 

motives and intentions of others (Ryan & Connell, 1989). 

Relatedness. The basic psychological need to feel connected to other human beings 

(Ryan & Deci, 2000). 

Retention. A test of a practiced skill that a learner performs to assess learning following 

an interval of time after practice has ceased (Magill, 2010).  

Self-control effect. Giving a learner some degree of control over the learning 

environment (Janelle, Barba, Frehlich, Tennant, & Cauraugh, 1997).  

Self-efficacy. A form of self-confidence that refers to beliefs about one’s capability to 

plan and execute the behaviors needed for successful production of the outcomes 



 9 

(Bandura, 1997). 

Sequential-timing task. A task requiring participants to press a series of keys in a 

prescribed temporal sequence (Chiviakowsky & Wulf, 2002). 

Summary feedback. Information about the effectiveness of performance on a series of 

trials that is presented only after the series has been completed (Schmidt & Lee, 

2014). 

Transfer. A test in which a person performs a skill that is similar yet different from the 

skill that he or she has practiced (Magill, 2010). 

Variable error (VE). The standard deviation of a set of scores about the subject’s own 

average (CE) score; a measure of movement (in)consistency (Schmidt & Lee, 

2014). 

Yoked. A control group that is matched to a self-control group with respect to the 

schedule and type of feedback requested (Janelle, Kim, & Singer, 1995). 
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CHAPTER 2 
 

Review of Literature 
 

 The purpose of this chapter is to provide a review of the existing research in the domains 

of feedback and self-determination theory as they relate to self-control effects on motor learning. 

This chapter will describe the functions of feedback during motor learning and examine how 

these functions have been studied in the existing literature. Topics to be explored will include 

types of feedback, scheduling of feedback, and control over the feedback schedule. Additionally, 

this chapter will present an overview of Self-Determination Theory (Deci & Ryan, 1985) and its 

potential role in understanding the underlying mechanisms of self-control effects on motor 

learning.  

Role of Feedback in Motor Learning 

 Feedback is an essential component of the motor learning process. It can emerge in many 

forms; some that may be obvious to the learner and some that may not be so obvious. 

Researchers classify feedback into two distinct types. Inherent or intrinsic feedback is 

information about the performance that arises as a natural consequence of the action or 

movement itself. Extrinsic or augmented feedback is information that is not available to the 

performer unless it is relayed from an outside source such as an instructor or device (Schmidt & 

Lee, 2014). Augmented feedback is meant to provide new information to the learner and not 

simply state what has already become redundant through inherent feedback sources. Examples of 

inherent feedback include the feel of a bat striking the ball, seeing a basketball shot go into the 

hoop, or hearing a tennis racket make contact with the ball. In each of these cases, information is 

perceived directly by the performer and is an inherent consequence of completing the task. 

Examples of augmented feedback include a coach telling a softball hitter that a swing was too 
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early, a video replay depicting a golf shot, or an official making a call on a tennis ball that hit 

close to the line. All of this information is delivered by an outside source and is not normally 

available to the performer without assistance. 

 Augmented feedback can be reduced further into two different types based on whether it 

is focused on the movement technique or the movement outcome. If the information relayed to 

the learner has to do with information about the outcome or success of the action in relation to 

the defined goal of said action, then the feedback is called knowledge of results (KR). On the 

other hand, if the information relayed to the learner has to do with the quality of the movement 

kinematics or movement characteristics, then the feedback is called knowledge of performance 

(KP; Magill, 2007; Schmidt & Lee, 2014). A clear example of both KR and KP can be derived 

from a single golf fairway shot for which the golfer cannot see the final landing point (e.g., an 

elevated green). The golf coach telling the learner that his ball is on the green is an example of 

KR, whereas the coach giving information about swing mechanics is an example of KP. 

Augmented feedback is a variable that has been assumed to have a number of functional 

properties that are influential in motor learning. Two of the most important and most cited 

include motivational properties and informational properties (Schmidt & Lee, 2014). Learners 

seem to like feedback, and those who are kept informed of their progress usually translate that 

feedback into more effort on the task. Due to this phenomenon, motivational properties of 

feedback can be used directly by praising effort and other similar statements designed to energize 

the learner. Similarly, it is thought that augmented feedback can provide an indirect motivational 

benefit when it is designed for its informational properties. Traditional thought in motor learning 

is that the most important function of augmented feedback stems from the informational property 

(Schmidt & Lee, 2014). Feedback can provide information about patterns of movement and 
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magnitude and direction of errors in movement outcomes, and thereby gives direction on how to 

modify future performance. Recognizing that augmented feedback is largely informational and 

also carries with it motivational properties raises questions as to the best way to take advantage 

of each of these properties and create an environment in which an optimization of learning can 

take place (Schmidt & Lee, 2014).  

Entangled along with the beneficial properties of augmented feedback is another property 

that points to potential drawbacks associated with producing dependency. The dependency 

producing property of augmented feedback has been forwarded in the guidance hypothesis 

(Salmoni, Schmidt, & Walter, 1984), which states that learners can come to rely so heavily on 

augmented feedback that they fail to fully develop necessary internal error detection and 

correction capabilities. This failure to develop these capabilities is thought to result in degraded 

performance once augmented feedback is removed. A variety of approaches have been examined 

to determine if the dependency-producing property of augmented feedback can be mitigated. 

These have included considerations of when to give feedback, what feedback to give, and how 

much feedback to give. 

Reducing Feedback Frequency 

 One of the most researched areas testing the guidance hypothesis has been the work 

examining scheduling frequency of augmented feedback during skill acquisition. A reduction in 

feedback frequency, either absolute or relative, has been shown to either have little to no impact 

on motor skill performance during acquisition (Winstein & Schmidt, 1990, Experiment 1) or to 

have a significant positive effect on motor skill learning as displayed by delayed tests of 

retention (e.g., Winstein & Schmidt, 1990, Experiments 2 & 3; Wulf, Schmidt, & Deubel, 1993). 

Several different approaches to reducing feedback frequency have been explored including; 
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fading the schedule of feedback in which feedback is provided frequently early in practice and 

gradually reduced as practice continues, providing feedback according to a bandwidth range of 

error in which a predetermined range of acceptable error is allowed and feedback is provided 

when performance is outside that range, summarizing or averaging feedback after a number of 

practice trials, and allowing learners to control their own feedback scheduling (Schmidt & Lee, 

2014).  

 Nicholson and Schmidt (1991, Experiment 2) examined the effects of a faded feedback 

schedule on motor performance and learning of a lever-positioning task. This type of schedule is 

based on the notion that providing relatively high frequency of feedback early in practice then 

gradually reducing the frequency later in practice should both optimize the beneficial effects of 

feedback while at the same time prevent dependency. They compared three groups with reduced 

feedback schedules that were held at 50%. The groups consisted of a faded feedback group 

which received high frequency feedback early and gradually tapered off, a uniform reduced 

feedback group which received feedback on every other trial, and a reversed-faded feedback 

group which received low frequency feedback early and gradually increased as practice 

continued. Results indicated that the faded feedback group was most proficient during the no-KR 

delayed tests of retention, followed by the uniform and reverse-faded groups; demonstrating that 

there was an advantage to receiving feedback more frequently early in practice and fade back 

frequency later on throughout the practice session. 

 A second approach to facilitate reducing feedback is providing feedback based on a 

bandwidth of acceptable error. In this type of scheduling, feedback is only given to the learner 

when their errors fall outside of a predetermined acceptable range. Due to the nature of learning 

a novel task, this type of schedule often ends up mirroring that of a faded feedback schedule as 
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learner’s make larger errors more frequently early in practice and fewer of these errors as 

practice continues (Schmidt, 1991). Sherwood (1988) examined the effects of different size 

bandwidths of KR compared to a 100% KR group on a lever positioning task. Participants in this 

study were assigned to groups featuring either a 5% error bandwidth, a 10% error bandwidth, or 

a 100% KR schedule control group. In delayed transfer tests, the 10% error bandwidth group 

displayed less variability than the other groups indicating that error bandwidth KR can enhance 

movement consistency and facilitate motor skill learning. Lee and Carnahan (1990) further 

investigated the effects of bandwidth error feedback showing evidence that this type of 

scheduling contains benefits outside of simply reducing feedback scheduling. This study used the 

same 5% and 10% error bandwidth groups, as well as yoked counterparts for each of the error 

bandwidth participants. This yoking procedure was employed to control for KR frequency 

scheduling. Results showed a reduction in error and an increase in performance consistency 

throughout practice by both bandwidth groups, as well as better performance during delayed 

retention tests compared to the yoked counterparts. These findings indicated an additional 

advantage of error bandwidth feedback beyond the reduced frequency of feedback effect. 

 A third approach in reduction of feedback frequency is to summarize or average 

augmented feedback after a number of completed trials. Young and Schmidt (1992, Experiment 

2) provided evidence to the advantages of averaging feedback after a number of trials. Their 

study compared performance of a group receiving average feedback after every five trials against 

that of a group receiving feedback after every trial. Results indicated that the average feedback 

group outperformed the every-trial feedback group during both one-day and one-week no-KR 

retention tests. Further investigation by Yao, Fischman, and Wang (1994) compared summary 

and average feedback schedules based on either 5-trials or 15-trials to an every-trial KR 
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schedule. Delayed tests of no-KR retention indicated a strong advantage for the 5-trial summary 

and average groups as compared to all other groups. 

 A fourth and final approach that will be the subject of the rest of the chapter is that of a 

learner-determined feedback schedule. Pioneered in the motor domain by Chen and Singer 

(1992), this idea actively involved participants in the learning process. Janelle, Kim, and Singer 

(1995) later called this idea a “self-controlled situation” and implemented it by giving learners 

control over feedback KP schedule while learning an underhand ball toss. This study compared 

the performance of the self-controlled group to that of a no-KP control, a yoked group whose KP 

schedules matched those created by counterparts in the self-control group, and several other 

predetermined schedule groups including a 50% relative KP group and a 5-trial summary KP 

group. Delayed retention tests indicated more accurate throwing by the self-control group 

compared to all other groups. Interestingly, the self-control group requested feedback on an 

average of only 7% of the total trials, which was far lower than the frequencies used by 

researches examining reduced frequency effects.  

Self-Control 

 The ideas first raised in the motor domain by Chen and Singer (1992) about actively 

involving the learner stem from earlier research in the cognitive domain in the area of social-

cognitive psychology. This research was focused on the idea of giving students more autonomy 

in an educational classroom setting and how that in turn would affect learning. The term self-

regulated learner was used to identify students who were able to use self-regulated learning 

strategies, respond to self-regulated feedback about effectiveness, and display independent 

motivational processes (Zimmerman, 1990). An early study by Zimmerman and Pons (1986) 

identified fourteen self-regulation strategies dealing with six learning contexts displayed by high 



 16 

school sophomores. Students that belonged to a high achievement track (based on standardized 

achievement test scores) displayed significantly greater use of each of these identified self-

regulation strategies than their low achievement track counterparts. Furthermore, student 

achievement track membership could be predicted with 93% accuracy based on their use of these 

self-regulation strategies, indicating the importance of self-regulation in cognitive learning 

environments. 

 Based on the evidence for the benefits of self-regulated learning in cognitive learning 

environments, Chen and Singer (1992) argued that more effective use of such strategies should 

be employed in sports training. As described previously, this concept was tested by Janelle, Kim, 

and Singer (1995). A follow-up study by Janelle et al. (1997) further examined this phenomenon 

with a more complex overhand throwing motion. Results indicated that the self-control KP group 

showed significantly higher form scores than all other feedback groups, and the relative 

frequency of feedback requests was again quite low at 11% of the total trials. From these 

observations, the authors speculated that the self-controlled learners were able to process 

information more efficiently and retain information more effectively than the learners placed on 

a fixed feedback schedule. Self-controlled learners were also thought to benefit from 

motivational influences based on their added responsibility for acquiring the motor skill 

proficiency due to the self-regulated nature of the learning environment. 

 Subsequent studies have also provided evidence to the learning benefit of giving the 

learner control over KR. An early study providing such evidence was the work done by 

Chiviacowsky and Wulf (2002) which investigated the role of KR within the self-control effect 

using a sequential timing key-pressing task. With this task, each participant was asked to 

complete a key-pressing sequence (2-4-8-6) on a numeric keypad. Participants were given timing 
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goals for each segment (200 ms, 400 ms, 300 ms) which combined for an overall timing goal for 

the entire sequence of 900 ms. Results of this study showed that the self-control group performed 

with significantly less absolute error than their yoked counterparts during a 24-hour delayed 

transfer test consisting of the same task with slightly modified segment times (300-600-450 ms). 

In addition to providing evidence for self-control effects on learning, results from a post-training 

questionnaire revealed evidence about the nature of when learners requested feedback. 

According to their responses, learners tended to request feedback after mostly good trials 

suggesting that feedback was being used to confirm successful performances. This finding was in 

contrast to the error correction idea forwarded in the guidance hypothesis (Salmoni, Schmidt, 

and Walter, 1984). Chiviacowsky and Wulf interpreted the questionnaire results as indicating 

that motivation may play a central role as an underlying mechanism of self-control effects. 

 Further evidence supporting the learning benefit of self-control over KR was provided by 

a follow-up study by Patterson and Carter (2010) in which learners were asked to learn three 

different sequential timing tasks in either a self-controlled or yoked condition. Each task required 

a 5-key sequence to be completed in an overall goal time. Participants followed a procedure 

similar to that of Chiviacowsky and Wulf (2002) in which they completed acquisition on the first 

day and then returned 24 hours later for tests of retention and transfer. This procedure also 

incorporated a post-training questionnaire that participants completed at the end of the first day. 

Results were consistent with previous findings. The self-control group outperformed the yoked 

group on both delayed tests of retention and transfer. Learner preference for feedback after 

perceived good trials was also found to be independent of task difficulty. The authors speculated 

that feedback after successful trials allowed self-controlled learners to decrease the amount of 

effort in making adjustments to their movements and increased their motivation.  
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  To investigate the effect of requesting feedback after good or bad trials and the impact 

such requests had on motivation, Bademi et al. (2011) used a protocol that included the 

measurement of intrinsic motivation. Participants learned a golf putting task in either a “KR on 

good trials” group or a “KR on poor trials” group. Those in the “KR on good trials” group 

received feedback on their three best putts for each block of six trials, and those in the “KR on 

poor trials” group received feedback on their three poorest putts for each trial block. Following 

acquisition, each participant completed an adapted version of the Intrinsic Motivation Inventory 

(IMI; McAuley et al., 1989). The adapted version of the IMI included three of the six IMI 

subscales: Interest/Enjoyment; Perceived Competence; and Effort/Importance. Results indicated 

that receiving feedback after good trials was consistent with higher scores for both the perceived 

competence subscale and overall intrinsic motivation. 

 In another examination of the good versus poor trial contrast, Saemi et al. (2012) assessed 

performance and learning as well self-efficacy. Similar to Bademi et al. (2011) participants were 

assigned to either a KR after good trials or a KR after poor trials group. Prior to each trial block 

and after the delayed retention test, participants completed a self-efficacy assessment based on 

the approach advocated by Bandura (2006). Results indicated that the KR after good trials group 

outperformed the KR after poor trials group during no-KR delayed tests of retention. The KR 

after good trials group also showed higher self-efficacy scores throughout the study. 

Additionally, the self-efficacy scores increased across assessments for the KR after good trials 

group while they decreased for the KR after poor trials group.  

 Later research has challenged the generalizability of the learning benefit of receiving 

feedback after good trials and the idea that learners prefer feedback mainly for success 

confirmation. Aiken, Fairbrother, and Post (2012) examined the effects of self-control over 
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video-based feedback while learning a basketball set-shot. The self-control group was given the 

opportunity to request video feedback of their shot after each attempt during practice, whereas 

the yoked group was given video feedback according to the same schedule of views as their self-

control counterpart. After practice, all participants completed a post-training questionnaire that 

focused on the timing of feedback requests (i.e., after perceived good or poor trials). Results 

revealed a self-control benefit for form score during a delayed transfer test. More interestingly, 

the post-training questionnaire did not show any preference for requests after good trials 

compared to after poor trials. The authors suggested that the information-rich nature of the video 

feedback along with the more complex nature of the task may have influenced the way the 

learners used feedback compared to what was shown in previous studies using relatively simple 

tasks and feedback sources. Because the complex task and resulting video feedback for any 

given attempt could contain information about both well-executed aspects as well as poorly-

executed elements, learners had simultaneous opportunities for using the feedback for both 

success confirmation and error correction.  

 Further investigation into the use of self-controlled video feedback was completed by 

Ste-Marie et al. (2013) in a protocol that also included measurements of self-efficacy and 

intrinsic motivation. Prior to each day of practice, both groups were shown a video of a skilled 

model performing a trampoline sequence. Each participant then completed a self-efficacy 

assessment. At the end of the acquisition phase, participants completed an assessment of intrinsic 

motivation (IMI). Self-efficacy and intrinsic motivation were assessed again on the day of the 

delayed retention tests. Results showed that the self-control group outperformed their yoked 

counterparts during retention testing. Furthermore, the self-control group showed greater 

increases in self-efficacy scores and higher IMI scores. Together, the studies examining 
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motivation and self-efficacy in self-control protocols indicate that self-control benefits for motor 

learning are due in part to positive psychological and affective changes prompted by giving 

learners the autonomy to make choices about some aspect of the instructional experience.  

Understanding Motivation within Self-Control 

 Throughout the self-control literature, there has been widespread speculation that 

increased motivation is an underlying mechanism driving beneficial learning effects (e.g., 

Chiviacowsky, Wulf, & Lewthwaite, 2012; Ste-Marie, Vertes, Law, & Rymal, 2013; Wulf, 

Chiviacowsky & Cardozo, 2014). Several studies have sought to measure motivation and related 

psychological or affective variables using Bandura’s (2006) model of self-efficacy (e.g., Saemi, 

Porter, Ghotbi-Varzaneh, Zarghami, & Maleki, 2012; Ste-Marie, Vertes, Law, & Rymal, 2013; 

Wulf, Chiviacowsky & Cardozo, 2014) or the Intrinsic Motivation Inventory (IMI; e.g., Bademi 

et al., 2011; Chiviacowsky, Wulf, & Lewthwaite, 2012; Saemi, Wulf, Varzaneh, & Zarghami, 

2011; Ste-Marie, Vertes, Law, & Rymal, 2013). This approach has raised some problematic 

issues. First, the use of measurement tools stemming from two distinct theories can be difficult to 

interpret if they produce inconsistent findings that highlight misalignments of the different 

theoretical viewpoints. Second, several studies have argued that autonomy plays a key role in the 

observed motivational benefits (e.g., Chiviacowsky, 2014; Wulf, Chiviacowsky & Cardozo, 

2014). Although the provision of autonomy is a de facto element in self-control protocols, there 

has been no attempt to measure whether or not there are corresponding differences in perceived 

autonomy on the part of participants. Accordingly, Self-Determination Theory (Deci & Ryan, 

2000), from which the IMI has emerged, may prove to be the most fruitful theoretical framework 

for future work because it provides theoretically based measures of autonomy as well as of the 

various dimensions of motivation. 
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Self-Determination Theory 

 Self-Determination Theory (SDT; Deci & Ryan, 2000) is a meta-theory that organizes a 

series of mini theories related to human motivation into an overarching theoretical framework for 

understanding human needs, motivation, and goal pursuits. The SDT framework is based on the 

assumptions that people have a set-point for engaging in growth-oriented activity and that the 

belief that behaviors will lead to the achievement of desired outcomes drives initiation and 

persistence.  Having self-determination within these basic assumptions involves an 

internalization of the locus of causality with respect to these behaviors. An internal locus of 

causality results from one’s capacity to make choices, and have these choices be the 

determinants of behaviors rather than being externally reinforced. The degree of internalization 

depends on the degree in which basic fundamental needs are fulfilled as the individual engages 

in the relevant behavior. Due to the phenomenon that individuals will internalize values and 

regulations of the social groups of which they belong, the fulfillment of relatedness and 

competence will be enough to facilitate lower ends of internalization (introjection and 

identification). However, for regulations to become completely internalized and become 

perceived as self-regulated, it is imperative to satisfy the need for autonomy along with those for 

relatedness and competence. When individual’s behavior is perceived as more autonomous, 

positive results are seen in behavior quality, health, and well-being (Deci & Ryan, 2000). SDT 

also contends that goal-directed behavior, well-being, and psychological development can only 

be understood through considerations of each of the basic psychological needs of autonomy, 

competence, and relatedness. Each of these needs contribute to growth-oriented behaviors and all 

three must be considered to improve the likelihood of positive outcomes (Deci & Ryan, 2000).  
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Basic Psychological Needs 

Autonomy 

 The need for autonomy is related to the desire to regulate and organize personal behavior. 

It is often related to acting out of one’s own interest and values. For autonomous individuals, 

behavior is an expression of the self and connected to feelings of value and initiative (Deci & 

Ryan, 2002). 

Competence 

 The need for competence is related to the desire to experience social and physical 

mastery or success when facing challenges. This often drives people to pursue challenges that are 

well-suited to their capabilities and that result in confidence (Deci & Ryan, 2002). 

Relatedness 

 The need for relatedness is related to the desire to connect with others in terms of 

attachment and intimacy and to experience a sense of security associated with belonging. It 

reflects an aspect of life that compels individuals to connect with and be accepted by others 

(Deci & Ryan, 2002). 

Practical Considerations 

 In addition to the underlying mechanisms, a number of practical considerations have also 

yet to be fully explored. One of these considerations is the limitation of coach/instructor 

availability during practice. The majority of self-control motor learning studies have involved a 

comparison between a SC group that has the opportunity to request augmented feedback at any 

time during the practice session and their yoked counterpart (e.g., Chiviacowsky & Wulf, 2002; 

Patterson and Carter, 2010; Grand et al., 2015). These studies represent a case in which the 

coach/instructor is available to give feedback after 100% of the attempts during a practice 
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session, which is not often the case within practical constraints. Instead, a more useful 

investigation should include a SC group that has access to SC over feedback administration on a 

schedule that better represents coach/instructor availability during a practice session. 

Summary 

 The preceding review of the literature provides a brief background into the role of 

feedback in motor learning. Topics within the review include the positive learning benefits 

produced by schedules that reduce the amount of augmented feedback to the learner. This 

includes a priority focus on the reduction of feedback scheduling through the use of learner-

determined feedback schedules, termed self-control, and the role of motivation within the self-

control effect. Preliminary research has found that self-control over augmented feedback benefits 

learners during practice, and that motivation may play a pivotal role in driving the self-control 

effect. The present study is designed to test the self-control effect in a more realistic learner-

coach paradigm, in which the coach is available to provide augmented feedback on a reduced 

random schedule. Measurements of the three basic psychological needs (autonomy, competence, 

relatedness) will be gathered to provide evidence of the satisfying or thwarting/neglecting nature 

of a self-controlled augmented feedback schedule. 
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CHAPTER 3 
 

Method 
 

Participants 

 Participants consisted of 48 men and women (20 men, 28 women) of at least 18 years of 

age (M = 21.31, SD = ± 2.82). Prior to participation, each provided informed consent using a 

form approved by the University of Tennessee Institutional Review Board (IRB). All participants 

were naïve to the purpose of the study and had no prior experience with the experimental task.  

Task and Apparatus 

 The experimental task was a sequential key-pressing task with movement-time goals 

adapted from Chiviacowsky and Wulf (2002). Figure 1 shows a task diagram depicting the 

sequence of keys used in the task. For this task, participants were seated in front of a PC-

compatible computer with a monitor, mouse, and keyboard (Dell Optiplex 960). The task 

required participants to press the 2, 4, 8, and 6 keys on the keyboard’s numeric keypad in the 

order listed using their index finger. For each trial during the acquisition and retention phases, 

participants were given an overall movement time goal of either 900 ms, 1200 ms, or 1500 ms to 

complete the sequence. During the transfer phase, participants were given an overall movement 

time goal of either 1300 ms, 1600 ms, or 1900 ms. A customized software routine written in E-

Prime 2.0 (Psychology Software Tools, Inc., Pittsburgh, PA) controlled the presentation of 

stimuli, collection of data, and presentation of feedback. 

Instruments 

 An adapted version of the Basic Psychological Needs Satisfaction (BPNS) at work scale 

(Deci, Ryan, Gagné, Leone, Usunov, & Kornazheva, 2001; Ilardi, Leone, Kasser, & Ryan, 1993;  
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Figure 1. Task diagram depicting the sequence of keys used in the experimental task (S = start 

key, E = end key). 
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Kasser, Davey, & Ryan, 1992) was used to measure participants’ perceived levels of autonomy, 

competence, and relatedness before and after completion of the acquisition phase. The BPNS 

was modified with respect to wording to be relevant to the experimental setting and task (e.g., “I 

feel pressured at work” became “I felt pressured while engaged in this activity”). The instrument 

included 21 statements – seven related to perceived autonomy, six related to perceived 

competence, and eight related to perceived relatedness. Each of the statements was rated using a 

seven-point Likert scale ranging from not true at all (1) to somewhat true (4) to very true (7). A 

sample of the adapted BPNS can be found in Appendix B. 

Procedure 

 Upon arrival at the laboratory, participants were welcomed and asked to provide 

voluntary informed consent. They were then quasi-randomly assigned to one of four groups – 

KR100, KR50, SC, and YK. The KR100 group received knowledge of results (KR) after every 

trial during acquisition (i.e., a relative feedback frequency of 100%). The KR50 group received 

KR on an evenly distributed quasi-randomly determined schedule after 50% of the trials. The SC 

group had the opportunity to request KR after 50% of the trials during acquisition. The choice 

trials were presented according to the same scheduled used for KR administration in the KR50 

group. The YK (i.e., yoked) group received KR according to the schedule of requests made by 

counterparts in the SC group. Following group assignment, participants were seated in front of 

the apparatus and the experimenter explained the experimental task and procedures. One aspect 

of the procedures was the use of a virtual coach who provided feedback. All participants were 

instructed that the coach will be helping them throughout practice by providing feedback, but 

that he might not always be available because he is also working with other learners.  

 Each participant completed 72 practice trials during acquisition. These 72 total practice 
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trials consisted of 24 practice trials for each goal time (900 ms, 1200 ms, 1500 ms). The practice 

trials were presented in an unsystematic order so they would appear to the participant that they 

were randomly scheduled. Prior to practice and after completion of Trial 72, participants were 

asked to complete the adapted BPNS. Prior to beginning acquisition, each participant was 

reminded of their task goals and objectives. Participants were instructed to begin each trial by 

placing their index finger on the Start (S) key without depressing it, and to move through the 

sequence when ready. Movement Times (MT) were recorded from the moment the Start key was 

depressed until the End (E) key was depressed. At the conclusion of each trial; self-control 

participants were either given the opportunity to request feedback or were given no feedback, 

while participants in the other three groups were either given feedback or were given no 

feedback. On feedback trials, coach presented the participants with their MT for the trial. On no 

feedback trials, participants were advanced to the next practice trial. Approximately 24 hours 

after acquisition, participants returned to the laboratory to complete tests of retention and 

transfer. The retention test consisted of 15 no-KR trials of the acquisition tasks (five trials for 

each goal time – 900 ms, 1200 ms, 1500 ms). The transfer test consisted of 15 no-KR trials with 

new time goals (1300 ms, 1600 ms, 1900 ms).  

Data Treatment and Analysis 

Temporal Accuracy 

 Data were collected using a customized program written within the E-prime 2.0 software 

package (Psychological Software Tools, Inc.). MT was defined as the time between the 

depression of the Start and End keys. Raw data were exported as a CSV file for further 

processing using a custom routine written with the Matlab software package (The MathWorks, 

Inc.).  
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 Temporal accuracy measures were calculated for each block of trials. Constant error (CE) 

scores were the block means of the differences between each trial MT and target time ( [(MT% −

𝑇)/𝑛]; where T is the target time for a trial and n is the number of trials in the block). Absolute 

constant error (ACE) scores were the absolute values of each CE mean (|CE|). Absolute error 

(AE) scores were the block means of the absolute differences between each trial MT and target 

time [|MT% − 𝑇|/𝑛]. Temporal variability was also calculated for each block of trials using 

variable error (VE), which was the standard deviation of all trials in the block, ([ 𝑀𝑇% − M ./

𝑛]); where M represents the mean CE for the block). CE indicated the average magnitude and 

direction of the difference between the participant’s MT on a given trial (MTi) and the goal 

target time (T) for the number of trials in the block (n). ACE indicated the absolute value of the 

CE to account for canceling of errors between subjects who achieved positive and negative CE 

scores. AE indicated the average magnitude without regard to direction of the participant’s 

absolute deviation between MT for a given trial (MTi) and the goal target time (T) for the 

number of trials in the block (n). VE indicated the participant’s variability in temporal accuracy 

(CE). 

 Performance measures for acquisition trials were grouped into six blocks of 12 trials for 

data analysis. CE, ACE, AE, and VE were analyzed using separate 4 (group) × 6 (trial block) 

repeated measures analysis of variance (ANOVA). Data related to performance on trials after 

feedback vs. trials after no-feedback during acquisition were investigated using a 2 (group: SC 

vs. YK) × 2 (trial type: FB vs no-FB) repeated measures ANOVAs for each measure of 

performance. For retention and transfer, each performance measure was grouped into a single 

trial block for each test and analyzed using separate one-way univariate ANOVAs. All measures 

were calculated across all three tasks such that an equal number of trials on each task was 



 29 

included in each block. All data was screened for outliers and influential scores. All outlying 

scores were counted as errors and were analyzed separately using a negative binomial regression. 

Alpha levels were all set at 0.05. Post hoc analyses employing a Bonferroni procedure were used 

whenever significance was obtained, and effect sizes were reported through partial eta-squared 

values (η2). Additionally, any violations of sphericity were handled through the use of a 

Greenhouse-Geisser correction. 

Basic Psychological Needs Satisfaction (BPNS) 

 Scores for the BPNS items were averaged across the subcategories for perceived 

autonomy, competence, and relatedness. Group differences were analyzed using separate 

univariate ANOVAs. All data was screened for outliers and influential scores. Alpha level was 

set at 0.05. Post hoc analysis employing a Bonferroni procedure was used whenever significance 

was obtained, and effect sizes were reported through partial eta-squared values (η2). 
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CHAPTER 4 
 

Results 
 

 Group comparisons were modified due to the fact that each member of the self-control 

(SC) group requested feedback (KR) every time the option was presented. Due to the fact that 

the schedule for choices matched the schedule for KR administration in the KR50 group, this 

resulted in the YK and KR50 groups receiving identical feedback schedules. The identical 

feedback schedules made it inappropriate to compare between these groups as there was no 

independent variable manipulation that distinguished them. Accordingly, the YK and KR50 

groups were combined into a single large yoked group. 

Performance Measures 

 Tables including the means and standard deviations for each performance measure are 

located in Appendix C. 

Acquisition 

 Separate 3 (group) × 6 (trial block) repeated measures ANOVAs were run for each 

performance variable in order to examine any group or block differences. Performance measures 

included CE, ACE, AE, and VE. 

CE 

 Figure 2 shows the mean CE scores for the SC, YK, and KR100 groups during 

acquisition. All three groups showed similar accuracy and all improved across acquisition 

blocks. These observations were supported by a significant main effect for block, F (5, 215) = 

8.94; p < .001; η2 = .17. Post hoc comparisons revealed that Block 1 CE was significantly larger 

than all other block CE scores (p < .05 for all comparisons) but that the other blocks did not 
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Figure 2. Mean CE scores for self-control (SC), yoked (YK), and 100% feedback (KR100) groups 

during acquisition, retention, and transfer phases (ms). 
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differ from one another. There was no significant main effect for group, F (2, 43) = .66; p = .523, 

nor was there a significant Group × Block interaction, F (10, 215) = 1.69; p = .112. 

ACE 

Figure 3 shows the mean ACE scores for the SC, YK, and KR100 groups during 

acquisition. All three groups showed similar accuracy and all improved across acquisition 

blocks. These observations were supported by a significant main effect for block, F (5, 215) = 

10.93; p < .001; η2 = .20. Post hoc comparisons revealed that Block 1 ACE was significantly 

larger than all other block ACE scores (p < .05 for all comparisons) but that the other blocks did 

not differ from one another. There was no significant main effect for group, F (2, 43) = 2.75; p = 

.075, nor was there a significant Group × Block interaction, F (10, 215) = .73; p = .668. 

AE 

Figure 4 shows the mean AE scores for the SC, YK, and KR100 groups during 

acquisition. All three groups showed similar accuracy and all improved across acquisition 

blocks. These observations were supported by a significant main effect for block, F (5, 215) = 

29.75; p < .001; η2 = .41. Post hoc comparisons revealed that Block 1 AE was significantly 

larger than all other block AE scores and Block 6 AE was significantly smaller than Blocks 1-4 

(p < .05 for all comparisons) while all other blocks did not differ from one another. There was no 

significant main effect for group, F (2, 43) = .83; p = .445, nor was there a significant Group × 

Block interaction, F (10, 215) = 1.50; p = .170. 

VE 

Figure 5 shows the mean VE scores for the SC, YK, and KR100 groups during 

acquisition. All three groups showed similar variability in accuracy and all improved across 

acquisition blocks. These observations were supported by a significant main effect for block,  
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Figure 3. Mean ACE scores for self-control (SC), yoked (YK), and 100% feedback (KR100) 

groups during acquisition, retention, and transfer phases (ms). 
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Figure 4. Mean AE scores for self-control (SC), yoked (YK), and 100% feedback (KR100) groups 

during acquisition, retention, and transfer phases (ms). 
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Figure 5. Mean VE scores for self-control (SC), yoked (YK), and 100% feedback (KR100) groups 

during acquisition, retention, and transfer phases (ms). 
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F (5, 215) = 51.66; p < .001; η2 = .35. Post hoc comparisons revealed that Block 1 VE was 

significantly larger than all other block VE scores and Block 6 VE was significantly smaller than 

Blocks 1-3 (p < .05 for all comparisons) while all other blocks did not differ from one another. 

There was no significant main effect for group, F (2, 43) = .01; p = .992, nor was there a 

significant Group × Block interaction, F (10, 215) = .82; p = .577. 

Feedback vs No Feedback 

Separate 2 (group: SC vs. YK) × 2 (trial type: FB vs no-FB) repeated measures ANOVAs 

were run for each performance variable in order to examine any group or trial type differences. 

Performance measures included CE, ACE, AE, and VE. There were no significant main effects 

for any of the performance measure analyses for condition, F (1,32) < 1.0, group, F (1,32) < 1.0, 

or Group × Condition interaction, F (1,32) < 1.0. 

After Feedback trials vs After No Feedback trials 

 Separate 2 (group: SC vs. YK) × 2 (trial type: after FB vs after no-FB) repeated measures 

ANOVAs were run for each performance variable in order to examine any group or trial type 

differences. Performance measures included CE, ACE, AE, and VE. 

CE and ACE 

Differences in temporal accuracy after feedback trials vs. after no-feedback trials were 

found within the ACE, AE, and VE performance measures, while CE showed no significant 

effects F (1, 32) = .32; p = .571; η2 = .01. Figure 6 shows the mean ACE scores after feedback 

trials and after no-feedback trials for the SC and YK groups during acquisition. Both groups 

showed better performance after feedback trials compared to after no-feedback trials. These 

observations were supported by a significant main effect for condition, F (1, 32) = 10.37;  
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Figure 6. Mean ACE scores for self-control (SC) and yoked (YK) groups after feedback (FB) and 

no-feedback (No FB) trials during acquisition (ms). 
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p =.003; η2 = .25. There was no significant main effect for group, F (1, 32) = .09; p = .340, nor 

was there a significant Group × Condition interaction, F (1, 32) = .94; p = .340. 

AE 

Figure 7 shows the mean AE scores after feedback trials and after no-feedback trials for 

the SC and YK groups during acquisition. Both groups showed better performance after 

feedback trials compared to after no-feedback trials. These observations were supported by a 

significant main effect for condition, F (1, 32) = 17.15; p < .001; η2 = .35. There was no 

significant main effect for group, F (1, 32) = .17; p = .685, nor was there a significant Group × 

Condition interaction, F (1, 32) = .03; p = .868. 

VE 

Figure 8 shows the mean VE scores after feedback trials and after no-feedback trials for 

the SC and YK groups during acquisition. Both groups showed better performance after 

feedback trials compared to after no-feedback trials. These observations were supported by a 

significant main effect for condition, F (1, 32) = 7.37; p = .011; η2 = .19. There was no 

significant main effect for group, F (1, 32) = .96; p = .334, nor was there a significant Group × 

Condition interaction, F (1, 32) = 1.85; p = .183. 

Retention 

Separate one-way univariate ANOVAs were run for each performance variable during 

retention in order to examine any group differences. Performance measures included CE, ACE, 

AE, and VE. 

CE 

 Figure 2 shows the mean CE scores for the SC, YK, and KR100 groups during retention. 

There was no significant main effect for group F (2, 43) = .05; p = .950.  
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Figure 7. Mean AE scores for self-control (SC) and yoked (YK) groups after feedback (FB) and 

no-feedback (No FB) trials during acquisition (ms). 
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Figure 8. Mean VE scores for self-control (SC) and yoked (YK) groups after feedback (FB) and 

no-feedback (No FB) trials during acquisition (ms). 
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ACE 

Figure 3 shows the mean ACE scores for the SC, YK, and KR100 groups during 

retention. There was no significant main effect for group F (2, 43) = 1.11; p = .340.  

AE 

Figure 4 shows the mean AE scores for the SC, YK, and KR100 groups during retention. 

There was no significant main effect for group F (2, 43) = 1.15; p = .325.  

VE 

Figure 5 shows the mean VE scores for the SC, YK, and KR100 groups during retention. 

There was no significant main effect for group F (2, 43) = .20; p = .816. 

Transfer 

 Separate one-way univariate ANOVAs were run for each performance variable during 

transfer in order to examine any group differences. Performance measures included CE, ACE, 

AE, and VE. 

CE 

 Figure 2 shows the mean CE scores for the SC, YK, and KR100 groups during transfer. 

There was no significant main effect for group F (2, 43) = 1.84; p = .172.  

ACE 

Figure 3 shows the mean ACE scores for the SC, YK, and KR100 groups during transfer. 

The three groups differed in accuracy during the transfer test. These observations were supported 

by a significant main effect for group, F (2, 43) = 4.04; p = .025; η2 = 0.16. Post hoc 

comparisons revealed that SC ACE was significantly smaller than both the YK and KR100 

groups (p < .05 for all comparisons) while the YK and KR100 groups did not differ from one 

another. 
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AE 

Figure 4 shows the mean AE scores for the SC, YK, and KR100 groups during transfer. 

The three groups approached significant differences in accuracy during the transfer test, however 

there were no significant main effects for group, F (2, 43) = 3.02; p = .059.  

VE 

Figure 5 shows the mean VE scores for the SC, YK, and KR100 groups during transfer. 

There was no significant main effect for group, F (2, 43) = .88; p = .424. 

Errors 

Separate negative binomial regression analyses were run for retention and transfer to 

examine if group error rates differed significantly among groups. Figure 9 shows the mean 

number of errors committed for the SC, YK, and KR100 groups during retention and transfer. 

There was no significant main effect for group during retention, x2 (2) = 1.58; p = .453 or during 

transfer, x2 (2) = 4.92; p = .086. 

Needs Satisfaction Measures 

Basic Psychological Needs Satisfaction Survey (BPNS) 

 Separate one-way univariate ANOVAs were run for each BPNS sub-category in order to 

examine any group differences. BPNS sub-categories include Autonomy, Competence, and 

Relatedness. Table 1 shows the mean scores for each of the BPNS sub-categories. There was no 

significant main effect for group for Autonomy, F (2, 43) = .02; p = .984, Competence, F (2, 43) 

= .21; p = .812, or Relatedness, F (2, 43) = .28; p = .755. 

  



 43 

 

Figure 9. Mean number of errors for self-control (SC), yoked (YK), and 100% feedback (KR100) 

groups during retention and transfer. 
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Table 1. Mean Basic Psychological Needs Satisfaction (BPNS) scores for self-control (SC), 

yoked (YK), and 100% feedback (KR100) groups. 

Group Autonomy Competence Relatedness 

SC 3.95 4.74 4.56 

YK 3.99 4.76 4.35 

KR100 3.93 4.54 4.57 

Note: 1 = not true at all, 4 = somewhat true, 7 = very true. 
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CHAPTER 5 
 

Discussion 

The potential value of allowing learners to have some autonomy in shaping their learning 

experience is a topic that has gathered a great deal of interest within the motor behavior research 

community. Studies of this so-called self-control effect have demonstrated that allowing learners 

to control some aspect of the instructional setting facilitates motor learning compared to 

conditions that are controlled entirely external to the learner (Janelle et al., 1995). Current 

research in learner self-control over feedback has consistently given participants in the self-

control condition the opportunity to request feedback at any time throughout the entirety of 

practice. This continuous scheduling of self-control throughout 100 percent of the practice trails 

creates a disconnect between laboratory findings and considerations of real-world constraints 

focusing on instructor availability within a practice session. The implications of constraining 

coach availability during practice and the impact of this constraint on the learner’s perceptions of 

autonomy, competence, and relatedness during skill acquisition has largely been unexplored. The 

purpose of the present study was to examine how learners ostensibly provided self-control over 

feedback behaved when the actual availability of feedback was constrained by a predetermined 

schedule of coach availability to provide feedback. More specifically, the present study was 

designed to investigate if the self-control effect persisted in a reduced autonomy environment.  

Summary of Procedures 

 Upon arrival at the laboratory, participants were welcomed and asked to provide 

voluntary informed consent. They were then randomly assigned to one of four groups – KR100, 

KR50, SC, and YK. Following group assignment, participants were seated in front of the 

apparatus and the experimenter explained the experimental task and procedures. One aspect of 
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the procedures was the use of a virtual coach who provided feedback. All participants were 

instructed that the coach will be helping them throughout practice but that he might not always 

be available because he is also working with other learners.  

 Each participant completed 72 practice trials during acquisition. These 72 total practice 

trials consisted of 24 practice trials for each goal time (900 ms, 1200 ms, 1500 ms). The practice 

trials appeared to be randomly assigned to the participant throughout the entirety of acquisition. 

Prior to practice and after completion of trial 72, participants were asked to complete the adapted 

BPNS. Prior to beginning acquisition, each participant was reminded of their task goals and 

objectives. Each participant was instructed to begin each trial by placing their index finger on the 

start (s) key without depressing it, and to move through the sequence when ready. Data was 

recorded from the time the start key was depressed through the time the end key was depressed. 

Data included separate recordings for each key sequence segment as well as total movement 

time. At the conclusion of each trial; self-control participants were either given the opportunity 

to request feedback or were given no feedback, while participants in the other three groups were 

either given feedback or were given no feedback. On feedback trials, coach presented the 

participants with their total movement time for the trial. On no feedback trials, participants were 

taken straight to the next practice trial. Approximately 24 hours after acquisition, participants 

returned to the lab to complete tests of retention and transfer. The retention test consisted of 15 

no-KR trials of the acquisition task. The 15 no-KR trials consisted of 5 trials for each goal time 

(900 ms, 1200 ms, 1500 ms). The transfer test consisted of 15 no-KR trials of the same 

acquisition task, but with different time goals (1300 ms, 1600 ms, 1900 ms). Again, each of the 

15 no-KR trials consisted of 5 trials for each goal time. 
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Summary of Findings 

Hypotheses 

1. The self-control group will show better better learning than all other groups, as inferred 

through 24-hour tests of retention and transfer. 

This hypothesis was supported. The self-control group performed with significantly lower 

ACE during transfer tests than all other groups (F (2, 43) = 4.04; p = .025; η2 = 0.16). 

2. The self-control group will show higher scores for perceived competence than all other 

groups. 

This hypothesis was not supported. None of the groups differed significantly in their scores 

for perceived competence. 

3. The self-control group will show higher scores for perceived autonomy than all other 

groups. 

This hypothesis was not supported. None of the groups differed significantly in their scores 

for perceived autonomy. 

Additional Findings 

1. The self-control group requested feedback (KR) each time the choice opportunity was 

presented.  

2. Significant block effects were shown across all performance measures with higher 

amounts of error and variability in error shown in earlier practice blocks than in later 

practice blocks. (CE;F (5, 215) = 8.94; p < .001; η2 = .17; ACE; F (5, 215) = 10.93; p < 

.001; η2 = .20; AE; F (5, 215) = 29.75; p < .001; η2 = .41; VE; F (5, 215) = 51.66; p < 

.001; η2 = .35) 
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3. All groups showed significantly better performance on trails following feedback than on 

trails following no-feedback. (ACE; F (1, 32) = 10.37; p = .003; η2 = .25; AE: F (1, 32) = 

17.15; p < .001; η2 = .35; VE; F (1, 32) = 7.37; p = .011; η2 = .19) 

Discussion and Conclusions 

 The primary goal of the present study was to better understand how learners utilize 

control over their feedback schedule when their self-control is limited by the real-world 

constraint of limited coach availability during a practice session. Based on current research 

within the self-control paradigm, the expectation is that the self-control group would outperform 

the prescribed feedback groups in delayed tests providing evidence of a learning benefit for the 

self-control group. It was unknown, however, if limiting autonomy through a constraint on coach 

availability to allow feedback choices would undermine the benefits of self-control. Findings 

from this study indicated that that the self-control effect did generalize to a constrained 

availability condition, providing further evidence of the robustness of the learning benefit of 

allowing self-control over augmented feedback.  

 The secondary goal of the present study was to better understand the role of basic 

psychological need satisfaction and motivation as a possible theoretical mechanism driving the 

self-control effect. Current research (Chiviacowsky, Wulf, & Lewthwaite, 2012) argued that a 

self-control protocol creates a more motivating learning environment that more effectively meets 

the learner’s basic psychological needs for, autonomy, competence, and relatedness. Results 

from the current study provided no evidence to support this perspective. Although a self-control 

effect was observed, there were no differences between groups in any of the BPNS 

subcategories. This suggests that enhanced motivation – at least as measured by the BPNS 

inventory – is not necessary for the benefit of self-control to emerge in a learning assessment. If 
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enhanced motivation alone cannot fully describe the learning benefit of self-control, then it 

leaves the door open for other explanations such as those based on information processing (e.g., 

Carter & Ste-Marie, 2017; Grand et al., 2015; Ste-Marie et al., 2015). The lack of observable 

evidence relating to enhanced motivation through the meeting of basic needs produced by this 

study along with similar findings by Carter & Ste-Marie (2017) give weight to the speculation 

that the mechanism underlying the self-control effect is either more complicated than simply 

enhancing motivation alone, or perhaps that increased information processing may be the 

primary force responsible for driving the self-control effect. 

An additional finding presented by this study relates to the feedback request rate of the 

self-control group. Current research within self-control provides that when participants are given 

control over their feedback schedule, frequency of feedback requests tends to remain relatively 

low (e.g., 11%; Janelle et al., 1997). Results from this study showed that within a quasi-

randomized reduced frequency schedule of opportunities to request feedback, participants in the 

self-control group requested feedback 100 percent of the time. This resulted in each participant 

receiving feedback after 50 percent of the total trials. This elevated frequency in feedback 

requests may have been triggered by the uncertainty of the availability of coach and created a 

sense of scarcity within feedback request chances causing participants to request feedback at 

every given opportunity. This explanation of the observed request behavior is consistent with 

Commodity Theory (Brock, 1967), which argues that there is an increase in value of a 

commodity when access to that commodity becomes more scarce. A commodity is anything that 

has value to the possessor, and is transferrable from one person to another (Lynn, 1991). In this 

case, the commodity is the feedback provided to the learner. Due to the random nature of 

feedback request opportunities throughout practice, it may have appeared to the learner that the 
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opportunities to receive feedback were scarce. This scarcity may have created an elevated value 

for the feedback and driven the observed high number of feedback requests seen in this study. 

Further investigation into this phenomenon is warranted in order to understand this unexpected 

increase in feedback requests. Future research may need to keep Commodity Theory in mind 

when choosing how to present a reduced frequency feedback availability environment. Perhaps a 

more predictable schedule of feedback request opportunities may thwart the scarcity effect and 

result in more expected feedback request frequencies. 

Other additional findings presented in this study stemmed from performance increases 

within acquisition. One of these was the increased performance across trial blocks during 

acquisition. All groups improved from Block 1 to Block 6 during practice and there were no 

significant differences between groups. Another finding within acquisition was the enhanced 

performance on trials after feedback was given when compared to trials after no-feedback was 

given. Both SC and YK groups showed this preference and again there were no significant 

differences between groups (the KR100 group was not included in the FB vs. No-FB comparison 

due to their schedule that included feedback for every trial). A third additional finding within 

acquisition was that participants did not seem to have a preference for requesting feedback after 

perceived “good” or “bad” trials. This third finding challenges the generalized view that learners 

utilize feedback primarily for success confirmation (Wulf & Lewthaite, 2016) and provides 

added evidence of the more complicated nature of feedback requests with respect to both success 

confirmation and error correction (Aiken, Fairbrother, & Post, 2012). 

 In conclusion, the findings of the present study provide more insight into the robustness 

of the learning benefit provided by self-control over augmented feedback. The persistence of the 

self-control effect within a restricted autonomy environment extends the knowledge-base of the 
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subject and helps to narrow the gap between theoretical findings and real-world constraints. 

Along with the robustness of the self-control effect within a restricted environment, the elevated 

number of feedback requests exhibited by the self-control participants creates an interesting 

phenomenon that warrants further explanation into the influence of perceived scarcity on 

feedback requests. Future research should use a Commodity Theory perspective to explore 

learner behavior when feedback is perceived to be scarce and when it is perceived to be 

abundant.  

 The failure of the BPNS to detect differences between groups also exerts some pressure 

on existing explanations claiming that enhanced motivation due to needs satisfaction is the 

primary force driving the self-control effect. Findings from this study along with other recent 

studies (e.g., Carter et al., 2017) have shown learning benefits of self-control in the absence of 

evidence for increased motivation. This suggests that the mechanism underlying the self-control 

learning benefit is more complex than one that relies solely on enhanced motivation  

 The findings of the present study may have some practical applications. The idea of 

allowing learners to have control over the schedule of feedback delivery as a mechanism for 

increasing learning has some intrigue from an applied perspective. The problem up to this point 

was implementing this regimen within a practice environment considering the demands and 

availability constraints on coaches. The findings within this study show that the learning benefits 

of self-control persist even when coach availability is restricted. This provides for a more 

effective and realistic transition of a self-control paradigm over learner controlled feedback 

schedules into a typical applied practice setting.  
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Limitations 

 An underlying limitation of the present study is the absence of full SC and YK 

conditions. Without these full conditions, conclusions drawn from the current study are limited 

to reporting the presence of a self-control effect in a restricted autonomy environment. Addition 

of a full schedule SC group along with the accompanying YK counterpart would allow for 

comparisons between the traditionally treated full SC group and the restricted SC group 

presented in this study.  

 A second limitation of this study was the absence of a post-training questionnaire aimed 

at identifying potential reasons for feedback requests by the SC participants. Addition of this 

type of instrument would allow further investigation into the idea of perceived scarcity as a 

possible mechanism for the increased value placed on the feedback request opportunities within 

the schedule presented in this study. 

 Although minor limitations exist within this research design, they do not overshadow the 

major findings of the present study. Added to the existing body of knowledge are novel evidence 

to support the robustness of the SC effect within a reduced feedback availability environment, 

along with further evidence to support an underlying mechanism driving the self-control effect 

that is separate from that of enhanced motivation alone. 

Future Research 

1. Collect a traditional full SC and YK pairing in order to make comparisons with this 

reduced frequency feedback SC and YK pairing. This would provide more insight into 

the effectiveness of a reduced frequency self-control schedule of feedback and allow 

stronger comparisons with current self-control literature. 
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2. Create a post-training questionnaire in order to investigate the possible role of scarcity on 

the behavior of feedback requests displayed by the self-control group during acquisition. 

3. Investigate the role of scarcity on feedback requests within a reduced feedback 

availability environment via manipulations of feedback schedule predictability.  
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Self-control effect during a reduction of feedback availability 

INTRODUCTION  
The purpose of this research study is to investigate how feedback influences the performance and 
learning of a motor skill.  
 
INFORMATION ABOUT PARTICIPANTS’ INVOLVEMENT IN THE STUDY  
You will complete two sessions held two days in a row. The first session will last approximately 
45 minutes and the second session will last approximately 15 minutes. Your performance will be 
recorded and stored on a computer for later analysis. You will learn to complete simple tasks 
which involve pressing a series of keys on a computer keyboard using your right hand. On the 
first day, you will complete 72 trials during a practice session. On the next day, you will 
complete two tests (12 trials each) to measure how much you learned. At the end of the first day, 
you will complete a questionnaire about your experience. This questionnaire has been adapted 
from the Basic Psychological Needs Satisfaction at Work Scale. 
 
CONFIDENTIALITY  
The information in the study records will be kept confidential. Data will be stored securely on a 
password protected computer in the motor behavior laboratory and made available only to 
persons conducting the study unless you specifically give permission in writing to do otherwise. 
No reference will be made in oral or written reports that could link you to your performance or to 
the study. Any information that can link participants with their data will be destroyed at the end 
of the study. Data will be retained for use in publications, presentations, and teaching. 
 
RISKS AND BENEFITS 
The tasks used in this study pose no risks to you beyond those inherent in light physical activity 
involving typing on a computer keyboard. Although steps will be taken to prevent it, there is a 
risk that confidentiality will be lost. You may gain some insight into your personal preferences 
when learning a simple motor skill. Otherwise, there are no anticipated direct benefits to you 
resulting from your participation in the study. The results of the study may contribute to current 
understanding of how people learn motor skills.  
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CONTACT INFORMATION 
In the event of an injury due to your participation, or if you have questions at any time about the 
study or the procedures, please contact Aaron von Lindern or his faculty supervisor, Jeffrey T. 
Fairbrother, via the contact information below. The University of Tennessee does not 
automatically reimburse subjects for medical claims or other compensation. If you have any 
questions about your rights as a participant, contact the University of Tennessee Office of 
Research Compliance at (865) 974-7697. 
 
PARTICIPATION 
Your participation in this study is voluntary; you may decline to participate without penalty or 
loss of benefits to which you are otherwise entitled. If you decide to participate, you may 
withdraw from the study at any time without penalty and without loss of benefits to which you 
are otherwise entitled. 

 
CONSENT  
I have read the above information and agree to participate in this study. I have received a copy of 
this form. 
 
Participant’s name (please print):   
 
Participant’s signature:   Date:   
 
Investigator’s signature:   Date:   
 
 Aaron D. von Lindern Jeffrey T. Fairbrother, Ph.D. 
 PhD Student   Professor & Interim Associate Dean, CEHHS 
 avonlind@vols.utk.edu  jfairbr1@utk.edu 
 (865) 974-8138  (865) 974-3616 
 

Department of Kinesiology, Recreation, and Sport Studies 
1914 Andy Holt Avenue, 322 HPER Building 
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Basic Need Satisfaction at Work (Deci, Connell, & Ryan, 1989) 
 
During the activity 
The following questions concern your feelings about your engagement in the activity. Please 
indicate how true each of the following statement is for you given your experiences in this 
activity. 
 
1. I felt like I could make a lot of inputs when deciding how this activity got done. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
2. I really liked the people I did this activity with. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
3. I did not feel very competent when I engaged in this activity. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
4. While engaged in this activity people told me I am good at what I do. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
5. I felt pressured while engaged in this activity. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
 
 
 



 68 

 
6. I got along with people during this activity. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
7. I pretty much kept to myself when I am engaging in this activity. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
8. I was free to express my ideas and opinions while engaged in this activity. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
9. I consider the people I engaged in this activity with to be my friends. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
10. I was able to learn interesting new skills while engaged in this activity. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
11. While engaged in this activity, I had to do what I am told. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 
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12. I felt a sense of accomplishment by being engaged in this activity. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
13. My feelings were taken into consideration while engaged in this activity. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
14. While engaged in this activity I did not get much of a chance to show how capable I was. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
15. People during this activity cared about me. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
16. There are not many people during this activity that I am close to. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

  
17. I felt like I could pretty much be myself while engaged in this activity. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 
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18. The people I did this activity with did not seem to like me much. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
19. While engaged in this activity I often did not feel very capable. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
20. There was not much opportunity for me to decide for myself when I was engaged in this 

activity. 
1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 

 
21. People during this activity are pretty friendly towards me. 

1 2 3 4 5 6 7 

Not true at 
all 

  Somewhat 
true 

  Very true 
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Data Table for Figure 2. Descriptive statistics for CE scores for self-control (SC), yoked (YK), 

and 100% feedback (KR100) groups during acquisition, retention, and transfer phases (ms).  

Descriptive Statistics 
 Condition Mean Std. Deviation 
Block1 SC -92.32 120.87 

YK -171.11 115.88 
KR100 -88.14 122.25 
Total -130.62 123.05 

Block2 SC -20.35 146.87 
YK -49.91 139.63 
KR100 -1.58 79.68 
Total -30.23 127.74 

Block3 SC -10.65 162.52 
YK -44.74 128.81 
KR100 0.12 70.36 
Total -24.89 124.93 

Block4 SC -59.22 98.96 
YK -5.55 108.86 
KR100 -19.97 54.64 
Total -22.15 95.80 

Block5 SC -35.90 69.34 
YK 4.46 107.18 
KR100 -7.70 68.75 
Total -8.36 90.05 

Block6 SC -51.87 73.74 
YK -27.11 90.57 
KR100 3.00 26.03 
Total -25.18 75.98 

Retention SC -118.87 76.17 
YK -102.87 131.20 
KR100 -110.10 185.44 
Total -108.58 134.74 

Transfer SC 95.99 93.92 
YK 156.20 188.58 
KR100 24.06 263.50 
Total 107.33 198.54 
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Data Table for Figure 3. Descriptive statistics for ACE scores for self-control (SC), yoked (YK), 

and 100% feedback (KR100) groups during acquisition, retention, and transfer phases (ms).  

Descriptive Statistics 
 Condition Mean Std. Deviation 
Block1 SC 124.60 83.10 

YK 171.28 115.61 
KR100 127.16 76.01 
Total 148.61 100.04 

Block2 SC 110.37 92.88 
YK 107.45 100.15 
KR100 62.36 45.93 
Total 96.39 88.07 

Block3 SC 108.93 116.13 
YK 106.26 82.95 
KR100 53.12 43.27 
Total 93.03 85.99 

Block4 SC 84.48 76.17 
YK 84.69 66.23 
KR100 43.40 36.95 
Total 73.87 64.05 

Block5 SC 64.05 41.39 
YK 80.29 69.05 
KR100 53.87 40.33 
Total 69.51 56.93 

Block6 SC 81.46 33.14 
YK 68.57 63.68 
KR100 17.22 19.07 
Total 58.26 54.32 

Retention SC 119.44 75.18 
YK 114.69 120.53 
KR100 172.22 123.52 
Total 130.83 112.74 

Transfer SC 103.29 84.97 
YK 207.08 127.41 
KR100 228.81 113.79 
Total 187.93 122.85 
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Data Table for Figure 4. Descriptive statistics for AE scores for self-control (SC), yoked (YK), 

and 100% feedback (KR100) groups during acquisition, retention, and transfer phases (ms).  

Descriptive Statistics 
 Condition Mean Std. Deviation 
Block1 SC 213.95 75.64 

YK 260.98 82.52 
KR100 247.59 74.98 
Total 246.24 79.63 

Block2 SC 180.61 70.16 
YK 184.80 73.72 
KR100 157.08 49.19 
Total 176.57 66.95 

Block3 SC 184.37 97.95 
YK 165.67 61.97 
KR100 131.17 32.66 
Total 161.14 68.21 

Block4 SC 159.49 64.09 
YK 160.06 46.64 
KR100 143.77 38.03 
Total 155.68 48.79 

Block5 SC 134.10 64.00 
YK 153.65 54.78 
KR100 150.41 69.02 
Total 148.13 60.05 

Block6 SC 131.45 42.26 
YK 142.74 68.09 
KR100 107.46 39.06 
Total 130.84 57.05 

Retention SC 155.10 53.55 
YK 170.11 94.25 
KR100 207.27 94.96 
Total 176.21 87.01 

Transfer SC 192.34 45.37 
YK 263.74 92.74 
KR100 263.08 91.69 
Total 246.50 87.52 
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Data Table for Figure 5. Descriptive statistics for VE scores for self-control (SC), yoked (YK), 

and 100% feedback (KR100) groups during acquisition, retention, and transfer phases (ms).  

Descriptive Statistics 
 Condition Mean Std. Deviation 
Block1 SC 224.45 80.32 

YK 229.15 74.55 
KR100 251.03 68.37 
Total 233.73 73.52 

Block2 SC 179.91 47.19 
YK 180.56 50.88 
KR100 179.45 51.27 
Total 180.12 49.02 

Block3 SC 178.14 51.61 
YK 158.66 49.60 
KR100 155.09 44.83 
Total 162.39 48.66 

Block4 SC 163.78 57.91 
YK 166.18 48.14 
KR100 165.44 50.19 
Total 165.42 49.95 

Block5 SC 156.04 71.14 
YK 157.46 51.81 
KR100 168.84 70.48 
Total 160.09 60.65 

Block6 SC 134.55 58.88 
YK 154.42 64.97 
KR100 129.29 43.22 
Total 143.11 58.52 

Retention SC 134.97 46.53 
YK 139.91 44.90 
KR100 147.02 46.58 
Total 140.58 44.90 

Transfer SC 196.70 47.76 
YK 203.75 44.42 
KR100 182.18 46.66 
Total 196.44 45.66 
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