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i 

Abstract 

The action-specific perception literature has demonstrated that superior task success is 

correlated with perceiving task-related objects as appearing larger. Using a putting task, the 

present study examined this relationship under three different practice conditions (errorless, 

errorful, and self-control) while perceiving the size of the putting hole at various distances from 

the putting hole (25 cm, 50 cm, 75 cm, 100 cm, 125 cm, 150 cm, 175 cm, 200 cm). The 

acquisition and retention data revealed that there was no correlation between superior task 

success and larger perceived putting hole sizes. Additionally, it was found that the perceived 

putting hole sizes that were recorded at the end of acquisition were robust enough to persist over 

a 24-hour retention interval to exist before the first trial of retention. The results of the present 

study introduce inconsistencies with the current action-specific literature, while adding a novel 

contribution to the literature regarding perception retention. 
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1.0 Review of the Literature 

1.1 Motor Learning and Performance 

Motor learning can be defined as an internal processing change that occurs due to 

repeated physical practice and causes relatively permanent motor skill acquisition (Kantak & 

Winstein, 2012). The performance-learning distinction of a motor skill can be evidenced when 

the learning processes have occurred over an optimal time frame (Brashers-Krug et. al, 1996; 

Kantak & Winstein, 2012). Motor learning cannot be measured directly; therefore, it is inferred 

through changes in motor performance that are assessed at least 24 hours after practice of the to 

be learned motor skill is complete. Motor performance is an observable motor behaviour that can 

be measured by documenting changes in movement parameters such as accuracy, time (reaction 

or movement), or kinematics (Kantak & Winstein, 2012). 

Motor learning is divided into three distinct phases in the following order: encoding, 

consolidation, and retrieval (Kantak & Winstein, 2012). The encoding phase of motor learning 

occurs during the “online”, physical practice of a motor task (i.e., the acquisition of a motor 

skill). This phase includes the problem solving and cognitive processing that is required to form 

a motor memory (Kantak & Winstein, 2012). Following the encoding phase, an “offline” process 

known as consolidation occurs. Consolidation occurs in the absence of physical practice and is 

known to strengthen the motor memory (Walker et. al, 2002). This process is known to be sleep-

dependent; therefore, at least 24 hours of consolidation is necessary for motor learning to occur 

(Kantak & Winstein, 2012). This time-frame was determined based on historical evidence that 

explains that a skill is poorly retained in the motor memory without a day of consolidation 

(Brashers-Krug et. al, 1996; Walker et. al, 2002). Following consolidation, the retrieval phase 

occurs when the learner actively retrieves the motor plan from long term memory, insinuating 



TASK SUCCESS ON SIZE PERCEPTION 

 

7 

that motor learning has occurred (Walker et. al, 2002). To infer learning, a retention test is used 

to determine the relative permanence of a motor skill. This must occur after at least 24 hours of 

consolidation have passed (Kantak & Winstein, 2012). A transfer test can also be used to infer 

learning, which is used to test the learner on a new variation of the same skill through a different 

testing situation (Kantak & Winstein, 2012). For example, if the motor skill to be learned is 

walking with crutches, an appropriate retention test would involve walking with crutches down a 

hallway in the user’s home, while an appropriate transfer test would involve walking with 

crutches on an uneven sidewalk.  

1.2 Action Specific Perception 

The psychological theory of action-specific perception states that perceivers view their 

surrounding environment in terms of their ability to act in that environment (Philbeck & Witt, 

2015). Action-specific effects have been demonstrated in various contexts involving distance 

(Bhalla & Proffitt, 1999; Witt et. al, 2004; Witt et. al, 2005), objects (Wesp et. al, 2004; Witt & 

Proffitt, 2005), and performance variables (Witt et. al, 2008; Witt et. al, 2012). 

1.2.1 Spatial Perception 

Bhalla & Proffitt (1999) conducted one of the first studies to evidence the action-specific 

account of perception by reporting that hills appeared to be steeper when participants were 

wearing heavy backpacks as opposed to not wearing backpacks. Free weights in 5 lb and 10 lb 

increments were used to make the backpacks heavier. Each participant’s weight class determined 

the corresponding backpack weight (20, 25, 30, or 35-lbs) that was used for the experiment. For 

example, participants weighing between 100-120-lbs were assigned backpacks weighing 20-lbs, 

while those weighing between 181-210-lbs were assigned backpacks weighing 35-lbs. One 
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hundred and thirty students from the University of Virginia reported their steepness judgments of 

two hills (one at 5° in inclination and the other at 31° in inclination) using verbal, visual, and 

haptic measures. The verbal report included an estimate of the hill’s incline in degrees. The 

visual judgement was recorded using a circular disk with an angular measure that could be 

adjusted to represent a vertical cross section of the inclination of the hill. Using a protractor, it 

was possible to determine the angle at which the participant estimated this cross section. Lastly, 

haptic measures were conducted using a tilt board that could be adjusted to match the 

participant’s estimate of the hill’s inclination. Forty participants carried backpacks that were 

estimated to be one sixth and one fifth of their body weight while judging the steepness of each 

hill. As a result, the verbal and visual measures revealed that the participants who were wearing 

heavy backpacks overestimated the inclination of both hills more than the participants who were 

not carrying a heavy backpack. This is a reflection of action-specific perception, as the 

participants’ perception of the surrounding environment is heavily influenced by the extra load 

they are carrying. 

Research on spatial perception has shown that perceived distance increases when the 

effort that is needed to walk that distance increases (Proffitt et. al, 2003). Witt et. al (2004) 

investigated spatial perception as a measure of the individual’s effort that is required to act on the 

environment. Anticipated effort was proven to be crucial to spatial perception through the 

execution of multiple experiments. In this study, 24 participants were instructed to throw a heavy 

(0.32 kg) or light (0.91 kg) ball to different targets that were situated at a variety of distances (3 

m, 5 m, 9 m, and 11 m in the practice phase and 4 m, 6 m, 8 m, and 10 m in the testing phase). 

These distances were completed in a random order. After completing one practice block and two 

test blocks, the researchers found that the participants who were instructed to throw the heavier 
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ball verbally estimated the egocentric distance (in feet) to be farther than what it was. In another 

experiment, Witt et. al (2004) had instructed participants to throw the heavier weighted ball at 

the same targets. After the third throw, all participants estimated the distance to the target. 

However, in this experiment, the participants were randomized into two different conditions: 

intend-to-walk condition or the intend-to- throw condition. The participants assigned to the 

intend-to-walk condition were required to walk towards the target immediately after estimating 

the distance, while the participants assigned to the intend-to-throw condition were required to 

throw towards the target immediately after estimating the distance. All participants were aware 

of what condition they were assigned to and what the condition entailed (i.e., all participants 

knew they would either be walking or throwing to the target).  After completing all trials at the 

four practice distances and the four test distances, the researchers concluded based on verbal 

estimates that perceived distance only increased when participants were intending to throw the 

heavy ball towards the target, not intending to walk to the target. This is due to the fact throwing 

effort was irrelevant to those in the intend-to-walk condition. However, for those participants in 

the intend-to-throw condition, their perception was influenced by their prior experience of 

throwing the heavy ball towards the target. These results suggest that anticipated effort will only 

influence spatial perception if the task actions (e.g. throwing) are functionally specific to the task 

at hand. In this scenario, distance was influenced because the task was to throw a ball to the 

target, not walk to the target. 

Perceptual distance has also been assessed as a function of placing objects within or 

beyond reach (Carello et. al, 1989; Maravita et. al, 2001; Witt et. al, 2005). Witt et al. (2005) 

showed that participants estimated targets to be closer when those targets were within reach as 

opposed to the targets that were situated beyond reach. Sixteen participants sat in front of a table 
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in which 2 cm white circles were projected that were either within the participant’s reach or 

beyond the participant’s reach. All participants were instructed to grasp a wooden handle, which 

was attached to the table, with their non-dominant hand. A white circle was then projected onto 

the table. Once the circle projection disappeared, participants were instructed to either “touch”, 

where they would either reach to physically touch the spot in which the circle was projected with 

their dominant hand (if the circle was within reach) or point to the spot in which the circle was 

projected with their dominant hand (if the circle was not in reach). Another option was to 

“estimate”, where the participants estimated the distance from the wooden handle they were 

grasping with their non-dominant hand to the circle’s projection. For one block of trials, 

participants were permitted to “touch” the spot where the projection disappeared with a baton. 

Based on the verbal estimations made by the participants, targets appeared to be closer when 

they reached with a baton as opposed to when they reached without a baton or pointed with their 

fingers. Additionally, targets that were beyond reach appeared to be farther in distance than those 

that were within reach. This experiment demonstrated that the perceiver’s ability to reach for a 

target is action-specific, and perception is effected depending on the capability of the perceiver 

to successfully reach or not. Overall, the research on spatial perception shows that task 

specificity plays a major role in action-specific influence. 

1.2.2 Size Perception (Objects) 

The action-specific account of perception is not limited to spatial perception. Size 

perception, particularly object size perception, can also be impacted by a perceiver’s current 

ability to act within their environment. Past literature has stated that object size estimates are 

influenced by the past experiences that one has had with those specific objects, suggesting that 

memory plays an important role in size perception (Wesp et. al, 2000). However, other research 
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suggests that object size estimation is a function of object manipulation by the user (Wesp et. al, 

2004; Witt & Proffitt, 2005; Witt et. al, 2008). Wesp et. al (2004) examined whether specific 

object-related actions could cause those engaging in a task to overestimate or underestimate that 

object’s size. Twenty-seven students participated in a quick dart-dropping task in which they 

were required to hit a 5 mm (diameter) circular black target situated on the floor beside them. 

Participants were required to sit on a chair that was positioned along the side of a desk. 

Participants were told to rest their elbow on the desk and drop miniature darts from over the 

desk’s surface onto the target on the floor. Once the participant successfully hit the target, they 

were given a maze to complete and instructed on how to complete the maze successfully before 

estimating the size of the target. This irrelevant task was used as a buffer between the task 

completion and the circle size estimation. Participants were permitted 15 attempts to successfully 

hit the target before being given the maze. Size estimations were recorded using a size selection 

sheet, which was a 21.5 cm x 28 cm piece of white paper that included 14 different-sized circles 

that the participant could choose from. A Pearson product–moment correlation concluded that 

size estimates were correlated with task success. Those who needed more trials to complete the 

task perceived the target to be smaller than its actual size, as opposed to those who finished the 

task quickly who perceived the target to be larger than its actual size. The results of this study are 

consistent with the distance perception literature as it provides further evidence that the ability of 

the user to successfully perform task-specific actions influences their perception of an object’s 

size.  

1.2.2.1 Influence on Performance 

 

The action-specific account of perception is not only of value to the current psychology 

literature as it also pertains to the athletic world. Witt & Proffitt (2005) recruited 47 softball 
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players (37 male, 10 female) between the ages of 21-56 from intramural and city softball 

leagues. Immediately after the player’s softball game had concluded, the participants were shown 

a poster that displayed eight black circles ranging from 9 cm to 11.8 cm in diameter. They were 

asked to choose a circle that best represented the size of a softball. Players also disclosed their 

batting average from the game that they had just participated in and whether their team had won 

or lost the game. The researchers discovered that a relationship existed between circle size and 

task success, such that batters who had a more successful game (based on batting average and 

their number of hits and walks) perceived the softball to be larger in size than the batters who did 

not perform as well. Similar findings have been concluded in the sport of golf (Witt et. al, 2008, 

Experiment 1). A similar procedure took place involving the recruitment of 46 golfers between 

the ages of 26-66 shortly after they had completed a round of golf (18 holes). They were shown a 

poster that displayed nine black paper circles, ranging from 9 cm to 13 cm in diameter, and were 

instructed to choose the circle that best corresponds with the size of the golf hole, which is 10.8 

cm in diameter. The researchers collected information regarding the participants’ golf game in 

entirety, such as their score, number of putts and number of strokes, in attempt to examine 

whether putting success differentially impacted the perceived size of the putting hole. The results 

showed the players who had performed superiorly with a better putting average (i.e., the 

independent measure) chose larger circles to represent the size of the golf hole (i.e., the 

dependent measure), as per a Spearman rank-order correlation. Witt et. al (2008) conducted a 

second experiment in which participants were assigned to an “easy” condition (putting 0.4 m 

from the putting hole) and a “hard” condition (putting 2.15 m from the putting hole). The 

researchers concluded that those participants in the “easy condition” experienced more task 

success and perceived the putting hole to be larger in size than those in the “hard” condition. 
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These experiments show that a player’s golfing performance will impact how that player 

perceives the size of the hole, highlighting the importance of action-specific influence on 

perception. 

The results of these studies further indicate that object size perception is action-specific; 

however, the action-specific influence is limited to only those objects that are related to the end-

goal of the task (Cañal-Bruland & Kamp, 2009). A similar limitation was identified for spatial 

perception in which an action-specific influence only occurs if the action is specific to the 

distance task (Witt et. al, 2004). This limitation is important factor to consider when attempting 

to use action-specific perception techniques to improve one’s performance of a skill. Witt et. al 

(2012) demonstrated that misperceiving a target as bigger can benefit performance. Thirty-six 

participants were allotted 10 putts to a 5.08 cm wide golf hole and a 10.16 cm wide golf hole 

under different Ebbinghaus illusion conditions. During the Ebbinghaus illusion, two circles are 

of identical size; however, one is perceived larger than the other by surrounding one of the 

circles with multiple smaller circles as opposed to multiple larger circles. The Ebbinghaus 

illusion was created by projecting ring of 11 small (3.8 cm in diameter) or five large (28 cm in 

diameter) circles onto the turf around both golf holes, resulting in four possible hole-illusion 

combinations (i.e., small hole – small circles, small hole – large circles, large hole – small 

circles, large hole – large circles). Participants used Microsoft Paint to estimate the size of the 

golf hole before participating in the experiment. Although no significant results were found for 

any of the 10.16 cm hole-illusion combinations, participants did perceive the 5.08 cm hole to be 

larger when it was surrounded by the 11 small circles as opposed to the five large circles. 

Consequently, more successful trials (i.e., more balls were putted into the hole) were recorded 

when the 5.08 cm hole was surrounded by the smaller circles. This provides evidence for the 
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relationship between perception and performance and shows how manipulating size perception 

can be used to a player’s advantage to improve their performance.  

1.2.3 Theoretical Support for Action-Specific Perception 

 Morphology, which is the study of the relationship between living organisms and their 

structures, is crucial to understanding the mechanisms behind action-specific perception (Proffitt 

& Linkenauger, 2013). Morphology limits living organisms such that they are only capable of 

performing certain actions within their own physiological and behavioural boundaries (Proffitt & 

Linkenauger, 2013). For example, it is possible for human beings to reach for an object with 

their arms, but only to the extent of the arm’s length (Proffitt & Linkenauger, 2013). Morphology 

has contributed to the current mechanisms of action-specific perception.  

1.2.3.1 Affordances 

Gibson’s (1979) theory of affordances states that the environment is perceived in terms of 

what humans or animals can do in the environment. Affordances are the resources provided by 

one’s surroundings that provide guidance to the individual who possesses the ability to act on it 

(Gibson, 1979; Witt et. al, 2005). McGrenere & Ho (2000) describe the theory of affordances by 

using a door-handle example. If a door has no flat panel (insinuating to push the door to open it) 

or no handle (insinuating to pull the door to open it), an individual would need to possess prior 

experience with this specific door to know whether to pull or push to open it. However, most 

institutions provide the doors with flat panels or handles which inform the user of whether to 

push or pull the door, respectively. In this case, the affordance is not recognized due to the user’s 

experience, but because of the action capabilities of the user to act on the affordance provided by 

the environment. Norman (1988) has argued that an affordance can refer to physical and 
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perceived properties that determine what action is required by the user, as it is the perceived 

abilities that will determine usability. For example, if the door is perceived as too heavy to pull 

open, the door handle will not provide an affordance for hand grasping because of the perceived 

inability of the user to produce the action. The theory of affordances may be used to explain 

results in the action-specific perception literature, such as perceiving the size of a softball or the 

size of a golf hole as smaller following poor batting or golfing performance, respectively (Witt & 

Proffitt, 2005; Witt et. al, 2008); or why a task goal can be perceived as more difficult to achieve 

when the user is carrying or throwing more weight (Bhalla & Proffitt, 1999; Witt et. al, 2004). 

1.2.3.2 Perceptual Rulers and Embodied Cognition 

The perceptual ruler hypothesis has been introduced to the literature as it is supported by 

research that shows that our surroundings are perceived using various scales that are derived 

from our bodies and are relevant to our purposes (Proffitt & Linkenauger, 2013; Witt et. al, 

2015). According to this hypothesis, the body provides various perceptual rulers, which are used 

to approximate the size and depth of one’s surroundings, depending on the relevance of the task 

at hand. Visual angles in our environment are scaled into units that correspond to one of many 

perceptual rulers that have been grounded into long-term memory through experience over time 

(Witt, 2017). This is how perceptual rulers outline and describe our perceived distances and sizes 

when performing tasks. In terms of action-specific perception, Proffitt & Linkenauger (2013) 

explain the theory’s existence as follows: “The ruler employed in any situation is determined by 

what is relevant given what the actor is attempting to do and the phenotypic organization that has 

been attained to carry out the intended action” (p. 180). About the research conducted by Bhalla 

& Proffitt (1999) and Witt et. al (2004), bio-energetic potential (i.e., the potential of a living 

organism to exchange energy between living things and their environments) was impacted by 
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carrying a heavier backpack or being asked to throw a heavier weighted ball towards a target. In 

these scenarios, the perceptual ruler that was used to determine the hill’s slant and perceived 

throwing distance would have been affected by the bio-energetic cost of completing these tasks 

with extra weight, in turn having an impact on perception. In the case of Witt et al. (2005), the 

participants who were asked to reach with a hand tool perceived the target to be closer than it 

was. This is because their perceptual ruler was expanded, as the participants who were instructed 

to reach with a hand tool were not as behaviorally constrained as those participants who were 

only permitted to reach with their hand, limiting their ability to cover distance (Proffitt & 

Linkenauger, 2013).   

In addition to perceptual rulers, the theory of embodied cognition states that cognitive 

processes are deeply related to how the human body interacts in its environment (Wilson, 2002). 

The theory states that cognition is situated in the body because cognitive processes are not just 

dependent on the brain, but also dependent on the sensorimotor capacities of the body in the 

environment (Wilson, 2002). The subjective view of being a human body in the world shapes the 

way our cognitive processes function; therefore, they are considered “embodied”. This provides 

support for action-specific perception, as it emphasizes the role that the environment plays in 

how we perceive information and guide our actions accordingly. 

1.3 Errorful vs. Errorless Practice 

1.3.1 Errorful Practice 

 Errorful practice stems from the belief that making errors during practice is beneficial to 

the process of learning a novel skill (Lee et. al, 2015). It is believed that motor learning begins as 

a problem-solving process in which errors need to be solved using cognitive resources (Adams, 

1971). The contextual-interference principle, a widely-accepted framework for memory 
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processing, operates based on errors being made during practice (Shea & Morgan, 1979). The 

contextual-interference principle explains that high task interference during practice will cause 

poor performance initially, but will result in better understanding for retention purposes (Battig, 

1979). Therefore, it is encouraged that one learns a skill by incorporating a random-practice 

schedule, in which a person randomly alternates practicing between two or more tasks, as 

opposed to a blocked-practice schedule, in which a person practices one task over and over 

before switching to the next task (Shea & Morgan, 1979; Kantak & Winstein, 2012). Schmidt's 

(1975) schema theory also operates on the foundation of errorful practice, as this theory states 

that incorporating variability into practice using several related tasks will result in more effective 

motor transfer to a novel variation of the tasks. More specifically, recall and recognition schema 

allow an individual to examine the relationship between past outcomes and action specifications 

to determine the most appropriate method to reach the desired outcome (Schmidt, 1975). 

More recently, findings from Lee et. al (2015) showed that committing some errors 

during the acquisition phase of a computer sequence task was beneficial for motor learning. 

Forty students participated in learning four different, seven-keypress sequences. All sequences 

had different pre-determined keypress sequences that the participants were required to learn 

through trial and error by guessing the correct order of keypresses. All participants were 

presented with a coloured cursor in the starting position on a 10 x 10 digital grid of gray squares. 

The coloured cursor on the grid was surrounded by black squares which represented the possible 

choices for the next key-press of the correct pre-determined sequence path. For example, one 

pre-determined path was achieved by hitting the following keys in this specific order: right 

arrow, left arrow, down arrow, down arrow, right arrow, left arrow, up arrow. A between-groups 

experimental variable was introduced in which participants were presented with one, two, three, 
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or four surrounding black squares. The idea was to either introduce a potential for error by 

introducing multiple black squares around the coloured cursor, or to achieve an errorless 

condition by introducing just a single black square next to the coloured cursor. If the wrong 

black square was chosen, the coloured cursor did not move, indicating to the participant that the 

incorrect key-press was chosen. During the acquisition period of 160 trials (40 trials for each 

sequence practiced in random order), the four-choice group (four black squares) had made the 

largest number of errors per sequence, while the one-choice group (one black square) had 

conceded the least number of errors per sequence. However, during the delayed retention test 

which consisted of four trials for each sequence (also ordered randomly), the four-choice group 

made the fewest errors while the one- and three-choice groups made the largest number of errors. 

In contrast, the participants who rarely made errors during practice were unable to perform the 

keypress sequences during the retention test. In this scenario, errorful practice was deemed more 

useful than errorless practice for better retention, likely because more error detection and 

correction processing was required for the four-choice group to learn the key-press sequences 

compared to the other groups.  

1.3.2 Errorless Practice 

 Errorless practice is designed to eliminate errors during the acquisition phase, as errors 

are viewed as detrimental to the motor learning process (Haslem et. al, 2011). In contrast to 

errorful practice, errorless practice challenges the notion that the acquisition of motor skills must 

occur through explicit learning, and should instead be done implicitly (Maxwell et. al, 2000). By 

avoiding errors, the correct process or response required to execute a skill can be successfully 

reinforced in one’s memory since there are no other competing memory traces that exist (Haslem 

et. al, 2011). To ensure that errorless learning is taking place, the task goals of the learner begin 
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as being easily achievable, and the difficulty of these goals do not increase drastically to ensure 

near perfect practice (Lee et. al, 2015). Errorless practice is supported by the reinvestment theory 

of motor learning (Masters, 1992; Masters & Maxwell, 2008). The reinvestment theory states 

that the performance of a skill can decline when an individual diverts from an automatic 

execution of the skill and returns to a conscious state of processing (Masters & Maxwell, 2008). 

However, the reinvestment process can be avoided if the skill is initially learned without any 

conscious processing of the movements required to perform the skill successfully (i.e., explicit 

learning). Backward chaining, a technique that also applies errorless learning, involves breaking 

down a motor skill into separate portions to be practiced backwards (Stamps, 1995). This method 

ensures that the final component of the skill is practiced most, as the preceding components of 

the skill are gradually added to practice upon successful competition of the previous component 

(Stamps, 1995). For example, Lee et. al (2015) describes the teaching of a golf swing by starting 

with the final position of the swing as opposed to lining up the golf club with the starting 

position of the ball. It is believed that by only learning the correct segments of the skill, the 

individual will not deviate from successful performance and will therefore master errorless 

learning (Stamps, 1995; Masters, 1992; Masters & Maxwell, 2008).  

 An example of errorless learning being more advantageous than errorful learning was 

demonstrated by Kessels & de Haan (2003). The researchers in this study compared the efficacy 

of errorless learning through within-subject face-name association learning in 16 young controls 

(i.e., 19-25 years of age) and 18 older adults (i.e., 67-84 years of age). The errorless condition 

was presented with a photograph of a person for five seconds before being shown the 

corresponding name, while the errorful condition was presented with a photograph of a person as 

well as the first letter of that corresponding person’s name and were asked to guess what their 
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name was with this information. A delayed recall test took place 10 minutes after the practice 

phase had concluded, where the photograph was presented and the participant was asked to give 

the corresponding name. In both young and older adults, errorless learning was more effective in 

improving memory function, as the participants in the errorless condition could match names to 

faces more accurately than the errorful condition. 

1.3.2.1 Putting Application 

 Putting is a commonly used target-directed task in the motor learning literature. Errorful 

and errorless practice were both incorporated in a putting study conducted by Maxwell et. al 

(2001). Thirty-six undergraduate students were randomly assigned to one of three conditions: 

errorful, errorless, or random. During the learning phase, participants were required to complete 

50 trials (putts) performed at eight different distances: 25 cm, 50 cm, 75 cm, 100 cm, 125 cm, 

150 cm, 175 cm, and 200 cm from the hole. Participants in the errorful condition were required 

to putt from the farthest distance (200 cm) and end at the shortest distance (25 cm). Participants 

in the errorless condition were required to putt from the shortest distance (25 cm) and end at the 

farthest distance (200 cm). Participants in the random condition putted at every distance in a 

pseudo-random order: 125 cm, 25 cm, 100 cm, 150 cm, 75 cm, 200 cm, 50 cm, and 175 cm to 

finish. During the test phase, participants completed 50 trials (putts) at the following: a 200 cm 

retention test, a 200 cm secondary task transfer test, and a novel distance at 300 cm. The 

secondary task transfer test required participants to keep track of how many times they heard 

high-pitched tones while they were putting. Participants in the errorless condition performed 

better during the learning phase as opposed to the errorful condition, as expected. Additionally, 

the errorful condition performed worse under the dual-task condition as opposed to the errorless 

condition. These results suggest that participants in the errorful condition were forced to rely on 
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their working memory to perform successfully, while those participants in the errorless condition 

could perform without conscious thought or process. As a result, the errorless condition 

performed better than the errorful condition during the retention test, secondary task transfer test, 

and the novel distance transfer test. In short, errorful learning placed a greater demand on 

attention-demanding resources than errorless learning, which led to an overall performance 

deterioration for the errorful condition. The foundation of this research by Maxwell et. al (2001) 

is also replicated for this thesis project.  

1.4 Self-Controlled Practice 

 In contrast to errorful practice and errorless practice, self-controlled practice occurs when 

the learner has the opportunity to control a specific practice variable by incorporating strategies 

that manage their goal-directed behaviours (Wulf & Toole, 1999). Self-controlled practice is 

beneficial to learning because of the personal involvement in the learning process, resulting in a 

deeper level of information processing (Wulf & Toole, 1999; Patterson et. al, 2010; Ste-Marie et. 

al, 2013).  

1.4.1 Yoked Conditions 

 The methodology that is used to determine if self-controlled practice is advantageous for 

learning is to compare the results of a self-control condition to a yoked condition. A yoked 

condition is a control group in which participants are yoked to the same schedule as the 

participants in the self-control condition (Hansen et. al, 2011). The yoked condition does not 

have an active involvement in the choosing of their practice schedule, which often leads to less 

successful learning in comparison to their self-controlled counterparts (Wulf & Toole, 1999; 

Hansen et. al, 2011; Patterson et. al, 2013; Wu & Magill, 2013). For example, Wu & Magill 
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(2013) allowed the self-controlled participants to decide which relative time sequences they 

would prefer to practice a key-press task according to.  

1.4.2 Examples in the Literature  

  Patterson et. al (2013) investigated the effectiveness of an experimenter-defined practice 

schedule by recruiting 40 undergraduate students to learn and perform three novel key-pressing 

sequences within a specific goal movement time (MT). The participants were assigned to one of 

four experimental groups which involved a repetition schedule (blocked or random) and a 

knowledge of results (KR) condition (self-controlled or yoked). The self-blocked and self-

random groups were provided the option to request KR after every completed trial, while the 

yoked-blocked and yoked-random groups were provided with KR for the same trials as their self-

controlled counterparts. An acquisition trial consisted of each participant viewing the specific 

key-press (3-2-5-1-4) to be completed in the goal movement time (e.g. 1050 ms) for 5 seconds. If 

a participant requested KR, the E-Prime software would either display the participant’s MT for 5 

seconds or “sequence was incorrect.” All participants were informed that they would not be able 

to request KR during the retention or transfer tests. Temporal and accuracy measures were 

recorded over the span of 90 acquisition trials as well as immediate and delayed retention tests, 

both consisting of five trials of each sequence with a counterbalanced repetition order among 

participants. A transfer test was also conducted that consisted of a novel sequence with an 

associated MT. The researchers concluded that having the ability to control KR during 

acquisition was the main contributor to the superior transfer performance of the self-controlled 

conditions relative to the yoked conditions, regardless of the repetition schedule they were 

assigned to. Similar results were found by Keetch & Lee (2007) when 96 undergraduate students 

participated in a task in which they were required to move a cursor through four different pattern 
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arrays in two difficulty levels. Participants were randomly assigned to one of eight experimental 

groups: self-blocked, self-random, yoked-blocked, and yoked-random practicing on easy 

difficulty, and self-blocked, self-random, yoked-blocked, and yoked-random practicing on hard 

difficulty. The self-controlled groups were permitted to choose when they would like to receive 

KR (movement time, pattern accuracy and cursor accuracy) during the 128 acquisition trials (32 

per pattern array), while the yoked conditions were provided with KR for the same trials as their 

self-controlled counterparts. The 24-hour delayed retention test consisted of four trials of each 

pattern, performed in a random order with no feedback. The researchers found that allowing self-

control provided no performance benefit during the acquisition trials; however, the self-

controlled groups demonstrated the most improved performance in retention, regardless of task 

difficulty. These results highlight the learning advantages that result from being permitted to 

control an aspect of practice. 

 Self-controlled practice has also been investigated in terms of allowing learners to choose 

the tasks that they want to partake in during practice. Wu & Magill (2013) recruited 30 right-

handed male and female undergraduate students to participate in a three-key sequence pressing 

task. They were instructed to press the numbers 2, 4, and 6 (in that order) in a specific allotted 

time of 1600 milliseconds (ms). The participants in the self-control group had the ability to 

decide which relative time sequences they would prefer to practice the key-press task according 

to: 900 and 700 ms (56% and 44% of the total movement time), 500 and 1,100 ms (31% and 

69% of the total movement time), and 1,400 and 200 ms (88% and 12% of total movement time). 

A screen display was used to provide the participants with feedback on the key that was pressed 

and the time that had passed between each key press. Participants could practice all relative time 

sequences before beginning the 90 trial acquisition phase, which was followed by an immediate 
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serial transfer and a 24-hour delayed serial transfer test. Results of the delayed serial transfer test 

showed significantly lower relative timing error, absolute error, and total error for the self-

control group compared to the yoked counterparts. Additionally, most participants partook in 

mixed styles of practice incorporating blocked, random, and serial schedules. These results 

further highlight the benefits of self-controlled practice, as the learning process is dynamic and 

will vary amongst the learner.  

1.4.3 Information Processing and Motivational Mechanisms Underlying Learner-

Controlled Practice 

The information-processing perspective has dominated the motor literature with the idea 

that motor learning is enhanced when practice conditions require more effortful execution from 

learner (Lee et. al, 1994). This theory views the learner as an “active processor” of stimulus 

information, as allowing a learner to control the way in which they practice forces them to think 

about how they would like to learn and why, as opposed to merely going through the motions of 

a pre-set practice schedule. Providing the learner with the opportunity to choose or control 

certain variables of practice will increase the usefulness of the practice (Wulf & Toole, 1999; 

Hartman et. al, 2007; Carter, 2016). As a result, the learner participates in more information-

processing activities, which facilitates motor learning (Chiviacowsky & Wulf, 2005; Carter, 

2016). However, there has been a deviance from the information-processing perspective in the 

literature due to its inability to account for the motivational factors that drive human actions 

(Wulf & Lewthwaite, 2016).  

The OPTIMAL (Optimizing Performance through Intrinsic Motivation and Attention for 

Learning) theory suggests that motor learning cannot be understood without considering 
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motivational and attentional influences on behavior (Wulf & Lewthwaite, 2016). It is believed 

that social, cognitive and affective variables drive human motivation, especially when it is 

anticipated that positive outcomes will occur as a result (Wulf & Lewthwaite, 2016). When the 

learner is exposed to conditions that provide an opportunity for choice (i.e., self-controlled 

practice), a sense of control resonates with the learner that positively influences motivation 

therefore benefits motor learning (Wulf & Lewthwaite, 2016). It is believed that allowing the 

learner to control a variable of practice satisfies their psychological needs of autonomy (Deci & 

Ryan, 2008; Carter, 2016). Therefore, OPTIMAL theory believes successful self-controlled 

motor learning is highly associated with the motivational intent to fulfill a psychological human 

need (Deci & Ryan, 2008; Wulf & Lewthwaite, 2016).  

2.0 Thesis Introduction 

The action-specific perception literature describes how one’s surroundings can be 

perceived differently depending on the ability of that individual to act on the environment 

(Bhalla & Proffitt, 1999; Wesp et. al, 2004; Witt et. al, 2004; Witt & Proffitt, 2005; Witt et. al, 

2008). Research has concluded that spatial perception, object size perception, and performance-

related perception can be influenced by action-specific variables. Some examples include 

carrying a heavier-weighted backpack while estimating the steepness of a hill (Bhalla & Proffitt, 

1999) or throwing a heavier-weighted ball while estimating the distance to the target (Witt et. al, 

2004). In both scenarios, the heavier-weighted objects caused the participants to perceive the 

task as more difficult, which lead to over-estimations of hill steepness as well as the distance to 

the target. Action-specific perception research also influences performance variables, as per the 

putting research conducted by Witt et. al (2008) that exemplifies the positive correlation between 

superior golf performance and a larger perceived golf hole size. 
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In a separate area of research, there is literature to support both errorful and errorless 

practice methods in terms of the successful acquisition of a motor skill (Lee et al, 2015; Kessels 

& de Haan, 2003). For example, Lee et. al (2015) concluded that making task-related meaningful 

errors during the initial acquisition of a keypress task lead to better retention of the keypress 

sequence. On the other hand, Kessels & de Haan (2003) found those who studied name-face 

associations in an errorless manner could match names to faces more effectively than those who 

studied in an errorful manner. Well-documented concepts in the motor control and learning 

literature, such as the contextual-interference principle and reinvestment theory, have been used 

to support errorful and errorless learning, respectively (Battig, 1979; Masters, 1992; Masters & 

Maxwell, 2008).  

In a similar manner, there is evidence to suggest that self-controlled practice is 

advantageous to learning, as permitting the learner have control over variables of the learning 

process enhances motor learning (Wulf & Toole, 1999; Patterson et. al, 2010; Hansen et. al, 

2011; Ste-Marie et. al, 2013). This has been established using yoked conditions, in which the 

practice is the same but there is no active involvement from the yoked condition in determining 

how the practice would be executed. Patterson et al. (2013) concluded that regardless of the 

repetition schedule that was assigned to participants during various spatial-temporal tasks, the 

ability of the participant to control their knowledge of results (KR) schedule during the practice 

period lead to superior transfer performance of this task compared to the yoked group. 

Additionally, Keetch & Lee (2007) found that in the retention period, self-controlled participants 

completed the computer task of guiding a cursor through various pattern arrays with less 

movement time and greater cursor accuracy than their yoked counterparts, exemplifying more 

efficient learning. 
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There is a gap in the literature allocating for a research opportunity that could provide 

implications for how perception is altered under different practice conditions. Currently, it is 

unknown how, or if, action-specific perception can be influenced by different practice 

conditions. The specific research questions that this thesis will attempt to answer is as follows: 

does the perceived target size in a putting task (i.e., the putting hole) change as a function of task 

success under errorful, errorless, and self-controlled practice conditions? Additionally, does the 

perceived putting hole size that was achieved during the acquisition period under errorful, 

errorless and self-controlled practice conditions continue to exist before a retention test? This 

research would be significant to our understanding of these practice conditions and how they 

may differentially impact perception and skill acquisition. This study will be designed to 

examine whether the perception of a specific target (a regulation putting hole) changes as a 

function of task success under errorful, errorless, and self-controlled practice. A putting task has 

been chosen given that it is commonly used in the both the motor skill acquisition and action-

specific perception literature due to its practical implication and target manipulability (Poolton 

et. al, 2005; Witt et. al, 2005; Witt et. al, 2012).  

2.1 Experimental Predictions 

Based on previous literature, the following predictions were made: 

1. The participants in the errorful group would have the worst task success rate and the 

participants in the self-control group and the errorless group will have the best task 

success rate, in both the acquisition period and retention period. 

2. The participants in the errorful group would perceive the putting hole as being the 

smallest in size and the participants in the self-control group and the errorless group 
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would perceive the putting hole as being the largest in size, in both the acquisition period 

and retention period. 

3. The perceived putting hole size that was recorded during the last block of the acquisition 

period (day 1) will persist over the 24-hour consolidation period, specifically before the 

first block of the retention period (day 2), for the errorless, errorful, and self-control 

groups. 

3.0 Methods 

3.1 Participants  

Thirty-six novice golfers (12 males and 24 females) between the ages of 18-25 from 

Brock University were recruited to participate in this study. This sample was calculated using the 

G*Power program (see Appendix K). The young adult age group was chosen to increase the 

likelihood that all participants had minimal golfing experience. To be considered a novice golfer, 

the same criterion used by Roberts and Turnbull (2010) was enforced. Participants were required 

to “(a) have not played a full round of golf within the previous 12 months or (b) fewer than five 

rounds in their entire life.” Both left and right handed individuals were equally balanced amongst 

experimental groups (two left handed individuals and 10 right handed individuals in each group). 

Recruitment took place through verbal and electronic announcements via ISSAK in the KINE 

3P05 (Motor Learning) undergraduate class at Brock University. Students of this class received 

KINE 3P05 course credit upon completion of the experiment. All participants were informed of 

the experimental protocol and provided with informed consent that was approved by the Brock 

University Research Ethics Board (#18-200).  
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3.2 Task and Apparatus 

Participants performed a putting task on artificial turf in the Motor Skills Acquisition 

Laboratory at Brock University. The artificial turf was situated upon a 0.203 m high wood 

platform that is 3.66 m in length and 1.23 m wide (see Appendix F). During the acquisition 

period, participants were required to putt from eight different distances along the artificial turf: 

25 cm, 50 cm, 75 cm, 100 cm, 125 cm, 150 cm, 175 cm, and 200 cm from the standardized 

putting hole of 10.8 cm in diameter (Dail & Christina, 2004). During the retention period, 

participants were required to putt from two distances: 100 cm and 200 cm from the putting hole, 

respectively. The eight different starting positions were marked on the artificial turf at these 

distances with 6 cm x 6 cm squares outlined with white chalk (see Appendix F). The golf ball 

was required to be within the marked squares before putting (Lee et. al, 2008). This was 

monitored by the researcher. All participants were provided with conventional putters (88.5 cm 

in length) and regulation golf balls (Top Flite XL 7000, China) to complete the task. 

For this experiment, successful performance was quantified via the number of successful 

putts (balls in the hole). This was consistent with the literature that is concerned with the 

relationship between performance and perceived putting hole size (Witt & Proffitt, 2005; Witt et. 

al, 2008; Witt et. al, 2011). Additionally, having the participants observe the success or non-

success of their actions is consistent with the errorful and errorless learning literature (Maxwell 

et. al, 2001). Thus, augmented feedback provided to participants upon completion of a required 

distance regarding task success from the researcher was redundant considering the information 

they received from their visual system (Lee et. al, 2015; Poolton et. al, 2005).  
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All participants were required to record their perceived target size (i.e., the putting hole) 

before the protocol began and after each block of twenty putts, resulting in nine putting hole size 

estimations (Cañal-Bruland et. al, 2010). Participants were directed to a MacBook which was 

used to present one of four slides created in Microsoft PowerPoint (see Appendix G). The slide 

had a green background with a small, white circle (1.88 cm in diameter) located one of four 

corners: bottom left, bottom right, top left, or top right. Using the touchpad, participants were 

instructed to click and drag the circle to increase the circle’s size. The aspect ratio that was set 

for the white circle was locked such that the width and the length of the circle were always the 

same number. This prevented participants from creating a new shape while they were increasing 

the circle’s size, such as an oval. The final size dimensions of the circle are measured by 

Microsoft PowerPoint. It was believed that twenty trials (Cañal-Bruland et. al, 2010) would 

ensure that enough practice has occurred to observe a potential change in task success and 

perception, as the putting literature has shown to implement as many as fifty trials (Poolton et. al, 

2005; Wood et. al, 2013) to as low as 10 trials at each distance (Witt et. al, 2008; Wood et. al, 

2013).  

The goal of the motor task was to sink as many balls as possible into the putting hole 

from each of the eight distances while adhering to the assigned order of putting distances. 

Participants were randomly assigned to one of three groups: the errorless group (n = 12), the 

errorful group (n = 12) and the self-control group (n = 12). The errorless group was instructed to 

putt from the closest distance to the putting hole (25 cm) to the farthest distance from the putting 

hole (200 cm) in an ascending order. The errorful group was instructed to do the opposite, and 

putt from the farthest distance from the putting hole (200 cm) to the closest distance to the 

putting hole (25 cm) in a descending order. The self-control group differed from both the 
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errorless and errorful groups as they were instructed to choose their own order of distances that 

they would prefer to putt from. These participants were informed that they must putt from every 

distance once and distances cannot be repeated once he or she has putted from that specific 

distance. Before each block of putts begin, the self-control participants decided which distance 

they would like to putt from. This information was recorded in E-Prime 2.0.  

3.3 Experimental Protocol 

Every participant was tested individually. Upon arrival to the Motor Skills Acquisition 

Laboratory at Brock University, participants were provided with a participant information letter 

and informed consent. Once both documents were signed by the participant, they were given two 

forms to complete with pen and paper: The Athletic Background Form (see Appendix A) and 

The Movement Specific Reinvestment Scale (MSRS) (see Appendix B). Following the 

completion of these two items, participants were instructed to read the task instructions by 

browsing through a series of Microsoft PowerPoint slides that were presented on the researcher’s 

MacBook situated on a stationary cart. The height of the stationary cart was 1.11 m (see 

Appendix F). This required the participants to stand in front of the cart to view the MacBook at 

eye level. During the experimental protocol, the standing cart was situated parallel to the putting 

green. Therefore, implementing the stationary cart allowed the participants to constantly stand 

during the experimental protocol, as opposed to sitting at a desk and standing up repeatedly. Witt 

et. al (2008) concluded that allowing for or occluding vision of the hole while estimating the size 

of the putting hole had no impact on perception. For this reason, participants were not directly 

facing the putting hole, but were not obstructed from viewing the putting hole either. Participants 

self-determined the amount of time they required to read through the instruction slides. 
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Participants were verbally informed to ask questions if they were unclear about any of the task 

instructions.  

All participants were required to complete the “Entrance Questionnaire” (see Appendix 

E). Participants were redirected to the online questionnaire by clicking the hyperlink provided to 

them via Microsoft PowerPoint. Once completed, the participants were prompted via Microsoft 

PowerPoint to record their perceived size of the putting hole before beginning the experiment. 

This task was completed within the Microsoft PowerPoint document. As seen in Appendix G, 

participants used the touchpad of the MacBook to drag the edge of the white circle in the top 

right corner to adjust the circle’s size. All participants were informed that the goal of the task 

was to sink as many golf balls as they could at each of the eight distances. Understanding the 

instructions and recording the perceived hole size on Microsoft PowerPoint before beginning the 

experiment took approximately 5-7 minutes to complete. Following this, the participants 

proceeded to the acquisition phase of the experiment based on their randomly assigned 

experimental group. 

To begin the acquisition phase, all participants were redirected to a dell computer which 

was also situated on the stationary cart with the MacBook (see Appendix F). Before beginning 

each block of putts, all participants answered a series of questions using a customized computer 

program (E-Prime 2.0) on the dell computer. First, the researcher entered the distance to be 

completed on E-Prime 2.0 before every block of 20 trials. Following this, participants were 

asked to predict how many golf balls they believed that they could sink out of 20 putts at that 

corresponding distance (e.g. 10/20). Upon completion of this prediction, participants were asked 

how confident they were that they could achieve their prediction (e.g. 10/20) on a scale from 0 
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(not confident at all) to 100 (very confident) (Adkin et. al, 2008). Upon completion, participants 

walked to corresponding putting distance to prepare for the block of 20 trials.  

The participant was given a putter and a golf ball that was placed at their respective 

starting position. The golf ball was placed in a 6 cm x 6 cm square that was outlined with chalk 

at all eight distances in the center of the putting green (Lee et. al, 2008) (see Appendix F). Ball 

placement was monitored by the researcher. The number of successful putts made by each 

participant was counted by the researcher by using a GOGO Tally Counter. A bucket of 

approximately twenty golf balls was placed to the left of the putting green for each participant. 

The participant was verbally instructed to retrieve the golf balls that successfully went into the 

hole and to avoid chasing after the golf balls that rolled off the putting green. The participant 

repositioned the ball in the 6 cm x 6 cm square after every trial to prepare for the next trial.  

The errorless group started at 25 cm from the putting hole, the errorful group started at 

200 cm from the putting hole, and the self-control group could choose their own starting position 

from one of the eight pre-set distances, and from the distances not yet completed. Participants 

were required to putt 20 times at each of the eight distances, resulting in eight blocks of 20 trials.  

The distances that remain to be putted from were made clear to all groups using cue 

cards. All eight distances were written on cue cards and thumb tacked to the wall above the 

putting green at their corresponding distance (see Appendix F). Once a distance was chosen by a 

participant of any group, that specific cue card was removed from the putting green once the 20 

trials at that distance had been completed. For example, once a self-control participant has 

chosen to putt from 75 cm, the researcher removed the 75 cm cue card from the wall once the 20 

trials at 75 cm were completed. This informed all participants of how many and which specific 
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distances were remaining in their practice session. Every block of putting took approximately 3-8 

minutes to complete, depending on the difficulty level of the distance. 

Upon completion of each 20-putt block, participants were told that they have completed 

the block by the researcher. They were then instructed to walk towards the cart located at the end 

of the putting green to answer more questions. Once again, participants were asked to estimate 

the size of the hole using Microsoft PowerPoint on the MacBook by using the click-and-drag 

method that was previously explained. Next, participants were redirected to the E-Prime 2.0 

software on the dell computer. First, the researcher informed the participant of how many 

successful putts they made, and the participant entered this number on E-Prime. Next, the 

participants were asked to rate how satisfied they were with their performance on a scale from 0 

(very dissatisfied) to 100 (very satisfied) (Adkin et. al, 2008). These questions took 

approximately 1-2 minutes to complete. These series of questions regarding putting distance, 

putting prediction, confidence, putting score, and satisfaction were answered eight times, 

corresponding to all eight distances in the acquisition phase. The acquisition phase was 

completed once participants rated their satisfaction level regarding his or her performance on the 

last block of putts. The acquisition phase took approximately 45-60 minutes. 

Participants were asked to return to the laboratory for a retention test 24 hours after the 

last trial in the acquisition phase. The retention test included putting 20 times at two distances, 

100 cm and 200 cm, resulting in 40 putts total. Results from Maxwell et. al (2001) showed that 

putting performance begins to decrease when the putting distance is greater or equal to 1 m (100 

cm). Additionally, 200 cm has been considered to be a challenging distance to putt from in the 

literature (Masters et. al, 2001; Poolton et. al, 2005). The retention test followed an identical 

experimental protocol to the acquisition phase, with the only difference being the number of 
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distances required to putt from, as well as the completion of the Allocation of Attention and 

Intrinsic Motivation Inventory Questionnaire, completed using pen and paper, after experimental 

protocol had ended (see Appendix C). Participants were required to read through the instruction 

screens presented through Microsoft PowerPoint, make hole estimations using Microsoft 

PowerPoint after each block of putts, and answer the same series of questions prior to and after 

each block of putts. Participants were informed of how successful they were at each block of 

putts. The putting order in the retention period was the same, 100 cm followed by 200 cm, for all 

participants. The experimental protocol for this study can be found in Appendix H and Appendix 

I. 

3.4 Data Analysis 

To determine if there were any statistical differences for task success between the 

experimental groups at acquisition, a 3 (group: errorless, errorful, and self-control) by 8 

(distance: 25 cm, 50 cm, 75 cm, 100 cm, 125 cm, 150 cm, 175 cm, 200 cm) analysis of variance 

(ANOVA) was performed with repeated measures on the last factor (distance). The retention 

session was analyzed using a 3 (group: errorless, errorful, and self-control) x 2 (distance: 100 cm 

and 200 cm) ANOVA with repeated measures on the last factor (distance). These analyses will 

be used to determine the first experimental prediction. 

To determine if there were any statistical differences for perceived putting hole size 

between the experimental groups prior to the experimental protocol, a 3 (group: errorless, 

errorful, self-control) x 1 (distance: pre-putting) one-way ANOVA was performed. To determine 

if there were any statistical differences for perceived putting hole size between the experimental 

groups at acquisition, a 3 (group: errorless, errorful, and self-control) by 8 (distance: 25 cm, 50 

cm, 75 cm, 100 cm, 125 cm, 150 cm, 175 cm, 200 cm) ANOVA was performed with repeated 
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measures on the last factor (distance). The retention session was analyzed using a 3 (group: 

errorless, errorful, and self-control) x 2 (distance: 100 cm and 200 cm) ANOVA with repeated 

measures on the last factor (distance). These analyses will be used to determine the second 

experimental prediction. 

To determine if there was a statistical correlation between the two dependent variables 

(perceived putting hole size and task success), separate Pearson correlation coefficient tests were 

used on all groups (errorless, errorful, and self-control) at each distance (acquisition: 25 cm, 50 

cm, 75 cm, 100 cm, 125 cm, 150 cm, 175 cm, 200 cm; retention: 100 cm, 200 cm), resulting in 

30 separate correlations. These analyses will be used to determine the first and second 

experimental predictions. 

To determine if perceived hole sizes were persistent from the end of the acquisition 

period to before the first trial of the retention test, a 3 (group: errorless, errorful, and self-control) 

x 2 (day: acquisition and retention) ANOVA was performed with repeated measures on the last 

factor (day). This analysis will be used to determine the third experimental prediction. 

All statistical analyses were conducted using the commercially available software IBM 

SPSS Statistics (Version 25). For all statistical analyses, p ≤ .05 was used as the alpha level, and 

Tukey’s honest significant difference post hoc analysis was used to analyze any statistically 

significant interactions. Partial eta squared (η2) was used as a measure of effect size where 

appropriate. If Mauchly’s test of sphericity indicated that the assumption of sphericity was 

violated, the Greenhouse-Geisser adjustment was used. 
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4.0 Results 

4.1 Acquisition 

4.1.1 Putting Scores 

The 3 (group: errorless, errorful, self-control) x 8 (distance: 25 cm, 50 cm, 75 cm, 100 cm, 

125 cm, 150 cm, 175 cm, 200 cm) ANOVA with repeated measures on the last factor revealed a 

significant main effect for distance, F(4.4,145.6) = 116.3, p < .001, ηp
2 = .779. There was no 

main effect for group, F(2,33) = .743, p = .484. The group x distance interaction was not 

statistically significant, F(8.8,145.6) = .956, p = .478 (see Table 1; Figure 1). A Tukey post hoc 

test showed that the scores achieved at 25 cm (M = 19.94, SD = .23) were higher than those 

scores achieved at 50 cm (M = 19.06, SD = 1.29), 75 cm (M = 17.81, SD = 1.88), 100 cm (M = 

15.5, SD = 3.06), 125 cm (M = 12.89, SD = 3.99), 150 cm (M = 10.22, SD = 3.57), 175 cm (M = 

10.08, SD = 2.44), and 200 cm (M = 8.58, SD = 3.17). The scores achieved at 50 cm were higher 

than those scores achieved at 75 cm, 100 cm, 125 cm, 150 cm, 175 cm, and 200 cm. The scores 

achieved at 75 cm were higher than those scores achieved at 100 cm, 125 cm, 150 cm, 175 cm 

and 200 cm. The scores achieved at 100cm were higher than those scores achieved at 125 cm, 

150 cm, 175 cm and 200 cm. The scores achieved at 125 cm were higher than those achieved at 

150 cm, 175 cm and 200 cm. In summary, as the putting distance increased, the putting scores 

decreased. 

4.1.2 Putting Hole Size Perception  

The 3 (group: errorless, errorful, self-control) x 1 (distance: pre-putting) one-way 

ANOVA revealed no significant main effects, F(2,33) = 2.039, p = .146. 
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The 3 (group: errorless, errorful, self-control) x 8 (distance: 25 cm, 50 cm, 75 cm, 100 

cm, 125 cm, 150 cm, 175 cm, 200 cm) ANOVA with repeated measures on the last factor 

revealed a significant main effect for group, F(2,33) = 10.988, p < .001, ηp
2 = .400.  There was 

no main effect for distance F(2.53, 83.34) = 2.064, p = .121. The group x distance interaction 

was not statistically significant, F(5.05,83.34) = 1.48, p = . 205 (see Table 1; Figure 2). A Tukey 

post hoc test showed that the self-control group (M = 13.69, SD = 2.05) and the errorful group 

(M = 12.34, SD = 1.79) perceived the hole size to be bigger than the errorless group (M = 10.07, 

SD = 2.34). There were no differences between the self-control group and the errorful group. 

4.1.3 Self-Report Measures 

The distance means (standard deviations) for score predictions, confidence levels and 

satisfaction levels for all experimental groups in the acquisition period can be found in Table 1. 

Score predictions, confidence levels and satisfaction levels tended to decrease as the putting 

distance increased, for all groups. Additionally, all groups tended to predict a lower score than 

what was achieved at most distances (errorless: 25 cm, 50 cm, 75 cm, 175 cm, 200 cm; errorful: 

25 cm, 75 cm, 100 cm, 125 cm, 175 cm; self-control: 25 cm, 50 cm, 75 cm, 100 cm, 175 cm, 200 

cm).  

4.1.4 Putting Schedules of the Self-Control Group 

The self-selected distance order for participants in the self-control group can be found in 

Table 3. Six participants chose an “errorless” schedule (starting at 25 cm and ending at 200 cm, 

consecutively), one participant chose an “errorful” schedule (starting at 200 cm and ending at 25 

cm, consecutively) and five participants chosen a “random” schedule (see Table 3).  
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4.1.5 Absolute Differences Between Predicted Putting Score and Actual Putting Score 

 The 3 (group: errorless, errorful, self-control) x 8 (block: 1, 2, 3, 4, 5, 6, 7, 8) ANOVA 

with repeated measures on the last factor revealed no main effect for block, F(7,231) = 1.461, p 

< .182. There was no main effect for group, F(2,33) = 1.582, p < .221. There was a significant 

block x group interaction, F(14,231) = 2.671, p = .001, ηp
2 = .139. A Tukey post hoc test showed 

that the errorless group (M = 2.67, SD = .58) had greater absolute differences than the errorful 

group (M= .58, SD = .58) at block 7; and the errorless group (M = 3.83, SD = .53) had greater 

absolute differences than the errorful group (M = 0.08, SD = .53) and the self-control group (M = 

1.9, SD = .53) at block 8. Additionally, the errorful group had significantly greater absolute 

differences at block 3 (M = 3.17, SD = 0.67) and block 4 (M = 3.48, SD = 0.76) compared to 

block 8 (M = 0.08, SD = 0.53). 

4.2 1-Day Retention 

4.2.1 Putting Score  

The 3 (group: errorless, errorful, self-control) x 2 (distance: 100 cm, 200 cm) ANOVA with 

repeated measures on the last factor revealed a significant main effect for distance, F(1,33) = 

78.99, p < .001, ηp
2 = .705. There was no main effect for group, F(2,33) = .717, p = .496 (see 

Table 2; Figure 1). The group x distance interaction was not statistically significant, F(2,33) = 

.887, p = .421. A Tukey post hoc test showed that a greater score was achieved on retention 100 

cm (M = 15.69, SD = 2.79) compared to retention 200 cm (M = 10.47, SD = 3.28).  

4.1.2 Putting Hole Size Perception  

The 3 (group: errorless, errorful, self-control) x 2 (distance: 100 cm, 200 cm) ANOVA with 

repeated measures on the last factor revealed a significant main effect for group, F(2,33) = 4.282, 
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p = .022, ηp
2 = .206. There was no main effect for distance, F(1,33) = 1.881, p = .180. The group 

x distance interaction was not statistically significant, F(2,33) = 2.374, p = .109 (see Table 2; 

Figure 2). A Tukey post hoc test revealed that the self-control group (M = 13, SD = 3.31) 

perceived the size of the hole to be larger than the errorless group (M= 10.28, SD = 2.0), but not 

the errorful group (M = 12.52, SD = 1.88). There were no significant differences between the 

errorless and errorful group.  

4.2.3 Self-Report Measures 

The distance means (standard deviations) for score predictions, confidence levels and 

satisfaction levels for all experimental groups in the retention period can be found Table 2. Score 

predictions, confidence levels and satisfaction levels tended to decrease as the putting distance 

increased, for all groups. The errorless group tended to predict a lower score than what was 

achieved at both distances. The errorful group predicted a lower score than what was achieved at 

100 cm, but predicted a higher score than what was achieved at 200 cm. The self-control group 

predicted the same score that was achieved at 100 cm, but predicted a higher score than what was 

achieved at 200 cm. 

4.2.4 Absolute Differences Between Predicted Putting Score and Actual Putting Score 

 The 3 (group: errorless, errorful, self-control) x 2 (block: 1, 2) ANOVA with repeated 

measures on the last factor revealed no main effect for block, F(1,33) = 3.150, p = .085. There 

was no main effect for group, F(2,33) = 1.139, p = .332. There was no block x group interaction, 

F(2,33) = 1.636, p = .210. 
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4.3 Correlations Between Actual Putting Score and Putting Hole Size Perception 

4.3.1 Acquisition 

 There were no significant Pearson product-moment correlations between putting score 

and putting hole size perception at any of the distances for any groups during the acquisition 

phase (see Table 4; Table 5; Table 6). There were no evident trends in the Pearson product-

moment correlations by distance or group. The errorless group had the highest correlation value 

75 cm (r(12) = -.501), while the errorful (r(12) = .571) and self-control group (r(12) = -.447) had 

the highest correlation values at 175 cm, although not statistically significant. Additionally, the 

correlations were mostly positive for the errorful group (as putting score increases, hole size 

perception increases, or vice versa), mostly negative for the self-control group (as putting score 

increases, hole perception decreases, or vice versa), and equally negative and positive for the 

errorless group, although not statistically significant. 

4.3.2 Retention 

 There were no significant Pearson product-moment correlations between putting score 

and putting hole size perception at any of the distances for any groups during the acquisition 

phase (see Table 4; Table 5; Table 6). The errorless group had the highest correlation value at 

200 cm (r(12) = -.485), the errorful group had the highest correlation value at 200 cm (r(12) = 

.484), and the self-control group had the highest correlation value at 100 cm (r(12) = -.305), 

although non-significant. Additionally, the correlations were mostly negative for the self-control 

group (as putting score increases, hole perception decreases, or vice versa), and equally negative 

and positive for the errorless and errorful group, although non-significant. 
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4.4 Comparisons Between End of Acquisition and Before First Trial of Retention 

4.4.1 Hole Size Perception (End of Acquisition to Beginning of Retention)  

The 3 (group: errorless, errorful, self-control) x 2 (day: acquisition and retention) ANOVA 

with repeated measures on the last factor revealed a significant main effect for group, F(2,33) = 

6.970, p = .003, ηp
2 = .297. There was no main effect for day, F(1,33) = .004, p = .950. There 

was a significant day x group interaction, F(2,33) = 4.244, p = .023, ηp
2 = 205. A post hoc test 

showed that the self-control group (M = 14.03, SD = 2.51) and errorful group (M = 12.59, SD = 

1.73) perceived the hole size to the larger than the errorless group (M = 9.61, SD = 2.87) at the 

end of acquisition (day 1). There were no significant between-group differences during the 

beginning of retention (day 2). Additionally, there were no significant differences between the 

beginning of retention (day 1) and the end of acquisition (day 2). 

4.5 Questionnaire Results 

4.5.1 Intrinsic Motivation Inventory  

 The 3 (group: errorless, errorful, self-control) x 5 (IMI: interest/enjoyment subscale, 

effort/importance subscale, perceived choice subscale, value/usefulness subscale, and IMI total 

score) ANOVA revealed no significant main effect for the interest/enjoyment subscale, F(2,33) = 

.332, p = .720, the effort/importance subscale, F(2,33) = .381, p = .686, the perceived choice 

subscale, F(2,33) = .482, p = .622, the value/usefulness subscale, F(2,33) = 1.286, p = .290, or 

IMI total score, F(2,33) = .383, p = .685. 

4.5.2 The Movement Specific Reinvestment Scale (MSRS) 

 The 3 (group: errorless, errorful, self-control) x 3 (MSRS: conscious motor processing 

subscale, movement self-consciousness subscale, and MSRS total score) ANOVA revealed no 
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significant main effect for the conscious motor processing subscale F(2,33) = .620, p = .544, the 

movement self-consciousness subscale F(2,33) = .628, p = .540, or MSRS total score F(2,33) = 

.520, p = .599. 

5.0 Discussion 

There were two purposes of this study. The first purpose was to determine if there was a 

relationship between task success and putting hole size perception under different practice 

conditions (errorless, errorful, and self-control). The second purpose of this study was to 

determine if the putting hole size perception from the end of the acquisition period (day 1) 

persisted over a 24-hour retention interval (day 2) under different practice conditions (errorless, 

errorful, and self-control), within-groups. 

It was predicted that the self-control group and the errorless group would demonstrate 

superior task success compared to the errorful group in the acquisition and retention period. 

These predictions were not supported. It was also predicted the self-control group and the 

errorless group would perceive the putting hole size as bigger compared to the errorful group. 

These predictions were partially supported as the self-control group perceived a larger hole size 

compared to the errorless group in the acquisition and retention periods. It was also expected that 

perception of the putting hole size would persist over a 24-hour retention interval, specifically 

from the end of the acquisition period to before the first trial of the retention period. This 

prediction was supported as there were no differences in perceived putting hole size between the 

two days for the self-control, errorless and errorful group (within-groups). 

5.1 Task Success Prediction (as a Function of Group) 

 The prediction of superior task success by the self-control and errorless group compared 

to the errorful group during acquisition was not supported. All three groups performed similarly 
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at each putting distance during acquisition, regardless of their start position and putting order. 

This result does not support the findings of Maxwell et. al (2001) who showed that the errorless 

group performed superior to the errorful group. Additionally, the prediction of superior task 

success by the self-control and errorless group over the errorful group during retention was not 

supported. Self-controlled practice has been proven to facilitate learning superiorly due to an 

individual’s active involvement in the learning process (Wulf et. al, 1999; Patterson & Carter, 

2010; Ste-Marie et. al, 2013). The benefits of learners controlling task complexity (Wu & Magill, 

2013) as well as repetition order during multi-task learning (Keetch & Lee, 2007; Patterson et. al, 

2013) have resulted in superior retention and transfer of various motor tasks, such as key-

pressing tasks and pattern array tasks. The motor learning benefits of learners that are afforded 

control over a portion of their practice context have been explained using two perspectives, one 

being the OPTIMAL theory.  

The OPTIMAL theory predicts that allowing learners to control a variable of their 

practice schedule satisfies their need for autonomy, positively influencing their motivation to 

learn (Deci & Ryan, 2008; Wulf & Lewthwaite, 2016). The results of the present study do not 

provide support for the OPTIMAL theory, as the self-control group did not have superior task 

success upon the completion of the retention period compared to the errorless and errorful 

groups. Additionally, intrinsic motivation was measured in the present study using the Intrinsic 

Motivation Inventory, to which no group differences were found. McRae et. al (2015) found that 

peer-controlled and self-controlled KR schedules were equally beneficial in facilitating skill 

acquisition of a serial key-pressing task, also not providing support for the OPTIMAL theory. If 

motivational influences were in a factor in facilitating learning, the self-controlled KR group 

would have performed superiorly in retention based on the predictions of OPTIMAL theory. 
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Carter et al (2014) found that a “self-after group” (i.e. choosing whether to receive KR after each 

trial) was superior over a “self-before group (i.e. choosing whether to receive KR before each 

trial) upon completion of the retention period of a force production slider task.  It was expected 

that choosing to receive KR before a trial would have motivational advantage; however, this 

group was not only inferior to the self-after group, but they also performed equally to their yoked 

counterparts during retention, not supporting a solely motivational mechanism. Additionally, 

Ste-Marie et. al (2015) reported that the enhanced learning of a self-controlled group over their 

yoked counterparts during skilled sequences performed on a double mini-trampoline could not be 

explained by intrinsic motivation, via path analysis. Thus, the results of the present study and the 

aforementioned experiments are consistent with the literature that suggests that motivational 

influences are not the primary determinant for self-controlled learning advantages. 

 The other perspective used to explain the mechanisms behind advantageous self-

controlled practice is known as the information-processing perspective, which states that practice 

conditions which require more effortful processing activities during practice (i.e. estimates of 

performance) by the learner results in superior motor learning (Hansen et. al, 2011; Ste-Marie et. 

al, 2015; Carter, 2016). According to this perspective, self-controlled practice is advantageous 

because the learner becomes an active participant in their own learning, rather than adhering to a 

pre-set practice schedule (Hansen et al., 2011; Carter, 2016). Errorless and errorful practice also 

differ in terms of information processing: errorless learning occurs implicitly (i.e. without 

reliance on the availability of working memory resources) while errorful learning occurs 

explicitly (i.e. with reliance on working memory for online control of a task) (Maxwell et. al, 

2000; Maxwell et. al, 2001; Poolton et. al, 2005).  
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In the present study, all experimental grounds experienced similar information processing 

in the form of metacognition. Metacognition depends on evaluation of one’s own cognitive 

processes during practice for assessing future performance, usually using score predictions 

(Shimamura et. al, 2000; Simon & Bjork, 2001). In the acquisition phase of the present study, all 

groups were required to predict their perceived task success on the to-be-practiced putting 

distance, then report how confident they were that their actual score would match their 

prediction. The trial procedure in the retention period mimicked the acquisition period except 

participants were now predicting their perceived success on two previously practiced distances. 

The metacognitive aspect of the present study is novel to the errorless and errorful literature and 

could explain why all groups performed similarly. Simon & Bjork (2001) had their participants 

practice three-key pressing sequences in either a blocked (practicing one sequence at a time) or 

random (alternating between sequences during practice) repetition schedule. Participants were 

required to make judgments of learning (JOLs) by predicting their own future performance (i.e. 

to be performed the next day) after every fifth trial of a key-pressing task during acquisition. The 

participants in blocked group performed superiorly during acquisition compared to the random 

group. However, the retention results proved that the blocked group made overconfident JOLs 

while the random group were more accurate in their performance predictions. The results of 

Simon & Bjork (2001) are consistent with Dail & Christina (2004), who found that the 

distributed practice group (i.e. the amount of work during a trial is lesser or equal to the amount 

of rest between trials) was more successful in acquisition and retention, and successfully 

predicted their retention performance compared to the massed practice group (i.e. the amount of 

work during a trial is greater than the amount of rest between trials) during a putting task. In this 
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study, all participants were also required to report JOLs (in terms of retention performance) after 

each block of putting trials during acquisition.  

An important difference between the existing research and the present experiment is that 

participants are usually required to make performance predictions on tasks that are frequently 

being practiced by the participant during an acquisition period (e.g., Simon & Bjork, 2001; Dail 

& Christina, 2004). In the acquisition phase of present study, all groups were required to predict 

their performance on an unpracticed putting distance. Since participants would not have had any 

putting experience at this specific distance at the time of making a performance estimate, making 

an accurate prediction can become an equally difficult task for all groups. It is expected that all 

groups referred to their prior performance to predict future performance, even if the putting 

distance was not the same. This would cause all groups to rely on working memory, where 

temporary storage of information can be activated (Shimamura, 2000). Over the course of the 

acquisition period, the self-control group and the errorful group become more accurate in their 

score predictions, yet the errorless group did not (see Figure 5). However, this may be because 

the errorless practice schedule becomes more difficult over time (i.e. moving away from the 

putting hole) compared to the errorful group and the self-control group. The errorless group was 

consistently making performance predictions on farther putting distances, which may have been 

more difficult to do accurately in comparison to the errorful and self-control group. Additionally, 

there were no group differences in absolute values between predicted putting scores and actual 

putting scores in the retention period, suggesting that all groups are making similar predictions in 

retention. This is an indication all groups were processing information in a similar way, 

regardless of the order of putting distances in which they putted from in the acquisition period. In 

summary, the results from the present experiment suggest information processing in the form of 
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metacognition contributes to a learning advantage, regardless of group assignment. Thus, 

considering more effortful information processing is a factor in describing the advantages of self-

controlled learning, and less effortful processing is believed to be one advantage underlying 

learning in an errorless practice condition, it is possible that requiring all experimental groups to 

frequently predict their future performance facilitated similar performance in the three 

experimental conditions during acquisition and retention.  

The motor performance results of the present study provide novel findings to the current 

literature, as no group differences were found between three commonly used motor learning 

conditions in terms of task success. This does not support OPTIMAL theory as a mechanism for 

self-controlled practice advantages; instead, it provides support for the information-processing 

perspective, in terms of metacognitive measures, as a plausible explanation for the absence of 

group differences because all three groups were processing task related information in a similar 

way.  

5.2 Putting Hole Size Perception Prediction (as a Function of Task Success) 

The prediction of larger perceived putting hole sizes by the self-control group and the 

errorless group compared to the errorful group during acquisition and retention was partially 

supported. During acquisition and retention, the self-control group recorded larger perceived 

hole sizes than the errorless group, but not the errorful group. The errorful group, however, was 

predicted to perceive the putting hole as smallest during acquisition and retention, due to the 

difficult nature of their practice condition (i.e. putting from the farthest distances from the 

putting hole at the beginning of practice). This prediction was not supported as the errorless 

group perceived the putting hole as being the smallest compared to the errorful and self-control 

group in acquisition, and compared to the self-control group during retention.  
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The action-specific perception literature states that targets or objects that are being acted 

on are perceived as being larger in size by the perceiver if they are experiencing task success 

(Wesp et. al, 2004; Witt & Proffitt, 2005; Witt et. al, 2008). Witt & Proffitt (2005) reported that 

baseball players who achieved better batting averages during a game perceived the ball to be 

bigger in size compared to the baseball players who had lower batting averages. Witt et. al 

(2008) reported that participants assigned to an “easy” condition (putting 0.4 m from the putting 

hole) experienced more task success and perceived the putting hole to be larger in size than the 

participants assigned to a “hard” condition (putting 2.15 m from the putting hole). Witt et. al 

(2012) used the Ebbinghaus illusion to make a regulation golf hole appear larger in size or 

smaller in size, and the participants who perceived the golf hole to be larger in size had more 

successful trials. However, the results of the present experiment showed that all groups 

experienced similar task success, yet perceived the regulation putting hole size differently. Thus, 

these findings do not support Witt & Proffitt (2005), Witt et. al, (2008), or Witt et. al (2012), 

whose results have been used to establish a positive correlation between putting hole size 

perception and task success in the literature.  

The results of the present study suggest that putting hole size perception is influenced by 

practice schedule rather than task success. In the present study, the self-control group was 

permitted to choose their own putting practice order (within limits), which has been shown to be 

advantageous for learning in the literature (Wulf & Toole, 1999; Hansen et. al, 2011; Patterson 

et. al, 2013, Wu & Magill, 2013). To our knowledge, the present experiment is the first study to 

examine the impact of self-control on perception of objects. Our findings suggest that allowing 

learners to choose their preferred order of putting distance did not differentially impact perceived 

putting hole size in acquisition or retention, because there were no group differences between the 
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self-control group and the errorful group. Instead, the self-control group only perceived greater 

putting hole sizes than the errorless group in acquisition and retention. This group difference 

may be due to the similarities between the errorful practice schedule and the practice schedule 

chosen by some self-control participants. The practice schedules chosen by the self-control 

participants consisted of “errorless”, “errorful”, and “random” schedules (see Table 3). The self-

control participants who chose a “random” practice schedule (n=5) chose to end their practice 

session with a distance that was less than or equal to one meter from the putting hole. Previous 

research states that putting performance does not decrease until putting distances become greater 

than one meter when putting distances in increments of 25 cm are used (Maxwell et. al, 2001). 

This is consistent with the results of the present study, where a main effect for distance regarding 

task success was found from 25 cm to 125 cm. Therefore, the self-control “random” participants 

and the self-control “errorful” participant (n=6, combined), ended their practice at a similar 

putting distance difficulty level compared to those in the errorful group, which accounts for half 

of the participants in the self-control group. Therefore, it is suggested that the self-control group 

and the errorful group had similar perception estimates due to both ending their practice at 

advantageous putting distances, compared to the errorless group.  

In retention, only the self-control group perceived the hole to be larger than the errorless 

group. All groups putted from 100 cm followed by 200 cm, respectively, in the retention period. 

Perception estimates were also taken at these time points. Unlike the acquisition period, the 

errorful group did not perceive the putting hole to be larger than the errorless group during 

retention. The between group differences in perception may not have persisted from acquisition 

to retention between the errorless group and the errorful group because during acquisition, the 

putting distance of 200 cm is practiced last by the errorless group (i.e. most recent) and first by 



TASK SUCCESS ON SIZE PERCEPTION 

 

51 

the errorful group. However, the self-control group still perceived the putting hole to be 

significantly larger than the errorless group in retention. This between group difference in 

perception may have persisted into retention because most self-control participants (n=8) ended 

their practice with either 100 cm or 200 cm during acquisition (see Table 3). Therefore, because 

the errorless and the self-control groups mostly end the acquisition period at 100 cm and 200 cm, 

perhaps it is more likely for these two groups to perceive the hole similarly during the retention 

period. On the other hand, the errorful group ended their acquisition period at 25 cm. Thus, the 

results regarding perceived putting hole size can be explained by practice schedules (see Figure 4 

for perception estimates over time, by block). 

The putting hole size perception results of this study provide novel findings to the current 

literature, as the self-control group perceived the putting hole to be larger than the errorless 

group (acquisition and retention) and the errorful group perceived the putting hole to be larger 

than the errorless group (acquisition) while performing the task with a similar amount of success. 

This finding does not support the current action-specific literature which states that larger 

perception of objects is correlated to superior task success; instead, it suggests that practice 

schedule can differentially influence putting hole size perception. 

5.3 Putting Hole Size Perception Over a 24-Hour Retention Interval Prediction (Within 

Groups) 

 The prediction of perceived putting hole sizes persisting over a 24-hour consolidation 

period, specifically from the end of the acquisition period to before the first trial of the retention 

period, was supported (within groups). There were no differences in putting hole size perception 

between the two days for the self-control, errorless and errorful group. This finding suggests that 

the perceived putting hole size that each group recorded during the end of the acquisition phase 
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was robust enough to endure the consolidation period, as each group estimated a similar 

perceived putting hole size before the start of the retention period 24 hours later.  

In the action-specific literature, perception estimates are provided by participants upon 

conclusion of a practice session. For example, Witt & Proffitt (2005) had baseball players 

perceive the size of the baseball after their game had concluded, and Witt et. al (2008) had their 

participants finish a putting task before asking for their estimates of hole size. To our knowledge, 

there has been no research on the resiliency of a perception estimate over time. However, the 

results of the present study imply that an individual’s current perception of an object’s size, such 

as a putting hole, is effected by how this individual has acted on this specific object in the past. 

The theory of action-specific perception states that perceivers view their surrounding 

environment in terms of their ability to act within that environment (Philbeck & Witt, 2015). In 

the present study, the perceiver has already had experience in this environment from the 

acquisition period (i.e. putting experience). Since no practice occurred over the consolidation 

period, it is logical to assume that their perception before the first trial of retention (day 2) would 

be similar to their last perception estimate of the putting hole from acquisition (day 1).  

The results of the present study can also be explained using the schema theory processing 

model (Axelrod, 1973). According to Axelrod (1973), when a new case (i.e. a specific instance 

in time) is introduced to an individual, the individual must decide if there is already an existing 

interpretation of the case. If there is, it must be determined that any new information regarding 

the case does not differ from the existing interpretation. If there is no difference, the new 

information is interpreted with the old schema. In terms of the present study, an interpretation of 

the case would already exist, since all participants completed 160 putting trials on the previous 

day. There was no physical practice that occurred between the two-time points (i.e. the last trial 
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of acquisition and before the first trial of retention); therefore, it is assumed that there was 

minimal new information for the participants to interpret when they were asked to perceive the 

size of the putting hole before the retention test. Thus, the perception estimate of the putting hole 

size was very similar to the estimate made at the end of the previous day, for each group 

individually. Similarly, Schmidt (1975) states that an individual’s schema also contains a 

relationship between past movement outcomes and past sensory consequences of those 

outcomes, in the form of proprioceptive and exteroceptive feedback. While proprioceptive 

feedback is not linked to perception, exteroceptive feedback consists of the anticipated vision of 

the environment, such as the putting hole. In the present study, this relationship between 

outcome and sensory information would have developed through completion of the acquisition 

period. As previously stated, since there is no new information to consider over the consolidation 

period that would modify one’s pre-existing schema, it is logical that were no differences in 

perceived hole size between the two days (within groups). 

In summary, the present study addresses a current gap in the literature by examining 

perception of an object over time. Estimates of perceived hole size that were made at the end of 

acquisition were similar at the beginning of the retention test, suggesting that perceived object 

size estimates may be dependent on the last event in which the object was acted on (i.e. putting 

distance). Additionally, the processing model of schema theory can be used to explain why 

perception did not change over time, possibly providing a theoretical explanation for the novel 

contribution to the literature. 

6.0 Conclusion 

 Determining if a relationship exists between task success and putting hole size perception 

under different practice conditions as well as determining if putting hole size perception can 
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persist over a 24-hour consolidation period were the main purposes of this experiment. For the 

acquisition and retention periods, the predictions of the self-control group and the errorless group 

having superior task success and larger perceived putting hole sizes compared to the errorful 

group were only partially supported. During acquisition and retention, task success was similar 

amongst groups; however, perceived putting hole size was not. Therefore, the results of the 

present study suggest that task success and perception are not positively correlated as the 

literature states. Instead, perceived putting hole size is perhaps influenced by practice schedule 

rather than task success. Furthermore, the present experiment challenges the established action-

specific perception literature which shows that increased task success is associated with 

perceiving objects that are related to the task as larger (Wesp et. al, 2004; Witt & Proffitt, 2005; 

Witt et. al, 2008). The present study offers a novel contribution to the literature by including a 

measure of metacognition, in the form of frequently predicting future performance, as a primary 

factor that equated all groups in terms of task success. This speculation highlights the role of 

metacognition, as the performance superiority of self-controlled practice as well as errorless 

practice that has been shown in the literature did not emerge in the present study (Kessels & de 

Haan, 2003; Poolton et. al, 2005; Hansen et. al, 2011; Haslem et. al, 2011; Patterson et. al, 2013; 

Wu & Magill, 2013; Lee et. al, 2015). 

The prediction that putting hole perception would persist over the 24-hour consolidation 

period was supported (within-groups). Retention of self-reported perception of putting hole size 

is a novel subject of interest, as it has not been examined in the action-specific literature. Thus, 

the present experiment offers a novel contribution to the literature by providing evidence that the 

perceived putting hole size under self-control, errorless, and errorful practice conditions in 

acquisition can endure a consolidation period of 24 hours to persist before the beginning of a 
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retention test. This finding suggests that perception is dependent on prior experience with the 

object that is being perceived (i.e. the putting hole) and can be explained using the processing 

model of schema theory (Axelrod, 1973; Schmidt, 1975). 

6.1 Limitations 

A limitation of this study is the fact that all 36 participants were recruited from the 

kinesiology undergraduate program or the physical education undergraduate program at Brock 

University, as KINE 3P05 (Motor Learning) is only offered to the students that are enrolled in 

these programs. All participants had knowledge of the motor learning concepts (i.e. errorless, 

errorful, and self-controlled practice) while participating in the experiment due to their 

enrollment in the class, possibly introducing a participant bias. Although all participants were 

novice golfers by the definition used by Dail & Christina (2004), the results of the Athletic 

Background Form reveal that all participants engage(d) in a wide variety of sports (see Appendix 

A). Thus, there were no participants who did not have an athletic background of some type. This 

impacts the generalizability of the results of this experiment to the general population.  

In the action-specific literature, a poster board showing circles of various sizes has been 

commonly used to measure perception (Witt & Proffitt, 2005; Witt et. al, 2008). More recently, 

Microsoft Paint has been used for participants to draw a circle using the ellipse tool (Witt et. al, 

2012). In the present study, Microsoft PowerPoint was used to record perceived putting hole size 

for multiple reasons. Firstly, the Microsoft Paint program is no longer available for use. 

Secondly, using the same poster board multiple times in both acquisition and retention allows for 

the possibility of the participant to choose the same circle repeatedly. This would not reflect the 

participant’s true perception. Lastly, using the ellipse tool on Microsoft Paint does not ensure 

that the final product will be a perfect circle, which would introduce measurement issues. 



TASK SUCCESS ON SIZE PERCEPTION 

 

56 

Although it is believed that implementing Microsoft PowerPoint corrects these flaws, it is 

possible that participants still did not record their true perception of the putting hole, and instead 

just tried to match every new white circle to the previous white circle’s size. Therefore, a 

limitation of this study is not knowing whether participants were trying to be consistent with 

their white circle sizes over time, or truly perceiving the size of the putting hole at each putting 

distance. 

Another limitation of this study is the terminology used to describe two of the experimental 

groups: the errorless group and the errorful group. Although these terms are commonly used in 

the motor learning literature (Maxwell et. al, 2000; Kessels & de Haan, 2003; Poolton et. al, 

2005; Haslem et. al, 2011; Lee et. al, 2015), their titles can be deceiving. The term “errorless” 

implies that no errors will be committed at all, while the term “errorful” implies that many errors 

will be committed. However, for the present study, the true definition of an errorless practice 

schedule is to delay or prevent errors from occurring, while the true definition of an errorful 

practice schedule is to induce difficulty to increase the possibility of the learner to commit an 

error. Therefore, although the terms “errorless” and “errorful” are consistent with the past 

research in this field, their titles fail to accurately describe the intentions of the practice 

conditions in the present experiment. 

6.2 Future Directions 

 In the present study, the self-control group was permitted to choose their own order of 

putting distances in the acquisition period, granted that they putted from every distance once and 

they did not repeat any distances. However, the reasoning behind their chosen schedules is 

unknown. It would be interesting to determine why the self-control participants chose the 

practice schedules that they did using a questionnaire once practice is over. 



TASK SUCCESS ON SIZE PERCEPTION 

 

57 

 It was speculated that all experimental groups performed similarly during acquisition and 

retention because all groups experienced similar information processing in the form of 

metacognition. However, it is only possible to confirm this explanation by introducing control 

groups that do not undergo any metacognitive measures. The present study did not include a 

control group; therefore, a future direction of this research field could be to implement a control 

group for every experimental condition that is experiencing metacognition. The addition of 

control groups would allow researchers to state with certainty that the frequent metacognitive 

measures required by all experimental groups in the present study equated the groups in terms of 

task success. 

The present experiment found that the errorless group perceived the putting hole to be 

smaller than the self-control group and the errorful group in acquisition as well as the self-

control group in retention. Although the errorless group did record the smallest putting hole size 

perception values, their estimations were most accurate to the standard golf hole size throughout 

acquisition and retention (10.8 cm). However, because the results of the present study indicate 

that there is no correlation between task success and putting hole size perception, it is unclear as 

to which type of perception is more advantageous for a learner: perceiving the putting hole as 

being larger than the dimensions of a standard putting hole, or perceiving the putting hole to be 

more accurate to the dimensions of a standard putting hole. Therefore, future research should be 

focused on determining which perception is more beneficial for the learner as a function of task 

success.  

To our knowledge, the present study is the first to examine the retention abilities of a 

perception estimate over a 24-hour retention interval. Thus, more research in this area is needed 

to help establish a consensus regarding the robustness of a perception estimate over time. More 
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specifically, utilizing different tasks, such as a baseball or dart-throwing task, would help to 

generalize the findings of the present experiment to other activities besides putting. Additionally, 

future research should consider collecting multiple perception estimates in a single practice 

period to determine how perception can change fluctuate within a practice session. The present 

study found no differences in perception by distance during acquisition and retention; however; 

as previously stated, future research should consider using different tasks as well.  
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LIST OF APPENDICES 

Appendix A: Athletic Background Form 

Errorless (EL), errorful (EF), and self-control (SC) response frequency. 

 

Sport/ Athletics / Hobby 

Level:  
 

Competitive (operationally defined as 

training to improve and win at 
games/meets/competitions) 

 

OR 

 
Recreational (participating for fun) 

Hours Per Week 
Length of Participation 

(Years)  
Coached practice or self-practice? 

(ie. Gymnastics) (ie. Competitive) (ie. 12) (ie. 1998-Current) (ie. I have a coach) 

EL EF SC EL EF SC EL EF SC EL EF SC EL EF SC 

Badminton x1  Both Recreational  8 10  2011-
2015 

2010-
2018 

 Both Coached  

  Ball 

Hockey 
  Competitive   4   2012-

present 
  Coached 

  Baseball   Recreational   3   2010-

2016 
  Coached 

Basketball 
(x4) 

x3 x3 
Recreational 

(x4) 

Competitive 

(x2), 
Recreational 

(x1) 

Competitive 

(x1), 
Recreational 

(x2) 

3-6 3-14  1-10 
2008-

present 
2000-
2019 

2008-
present 

Coached 

(x2), Self 
(x2) 

Coached 
(x2), Self 

Coached, 

Self, 
Both 

 Biking   Recreational   2   2000-
present 

  Self  

 Boxing   Competitive   30   2005-

2012 
  Coached  

  Curling   Competitive   10-20   2008-

present 
  Coached 

Dance (x2) x2 x2 
Both, 

Competitive 

Competitive

, 
Recreational 

Recreational 
(x2) 

6-12 4-25 2-4 
2006-
2016 

2002-
2016 

2010-
present 

Coached 
(x2) 

Coached 
(x2) 

Coach, 
Both 

 x1 
Dragon 

Boat 
 Competitive Competitive  3 4  2016-

2018 

2017-

2018 
 Coached Coached 

Field 

Hockey 
  Recreational   5   2013-

2015 
  Coached   

Figure 
Skating 

 x1 Competitive  Competitive 8  10-12 
2004-
2013 

 2004-
present 

Coached  Coached 

 Flag 

Football 
  Competitive   4-6   2009-

2014 
  Coached  
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Football x3 x1 Competitive 
Competitive 

(x3) 
Competitive 5-7 6-12 16 

2013-

2015 

2007-

2019 

2008-

2012 
Coached 

Coached 

(x3) 
Coached 

Gymnastics   Recreational   4   2010-

2013 
  Coached   

Ice Hockey 

(x3) 
x3 x4 

Recreational

, 

Competitive 
(x2) 

Competitive 

(x3) 

Competitive 

(x4) 
3-14 6-12 4-10 

2000-

present 

2002-

2015 

2000-

present 

Coached 

(x2), Self 

Coached, 

Both (x2) 

Coached 

(x3), Self 

  Ju-Jitsu   Competitive   6   2016-

2019 
  Coached 

Kick 

Boxing 
  Recreational   4   2017-

2019 
  Coached   

  Lacrosse 

(x2) 
  Competitive 

(x2) 
  6-10   2000-

present 
  Self, 

Coached 

Rowing x1 x1 Competitive Competitive Competitive 12 18 16 
2016-

present 

2011-

present 

2014-

2018 
Coached Coached Coached 

Rugby (x3) x1  
Competitive 

(x2), 
Recreational 

Competitive  3-8 10  2012-

2016 

2014-

present 
 Coached 

(x3) 
Coach  

Soccer (x4) x5 x5 
Competitive 

(x4) 

Competitive 

(x3), Both 
(x2) 

Recreational 

(x3), 

Competitive 
x2 

5-12 4-20 2-8 
2000-

present 

2000-

present 

1995-

present 

Coached 

(x4) 

Coached 

(x4), Both 

Coached 

(x3), Self 

Squad   Recreational   2   2018-

present 
  Self   

 Swimming   Competitive   4   2010-

2016 
  Coached  

Track and 

Field 
 x2 Competitive  

Competitive

, 

Recreational 

6  2-20 
2013-

2018 
 2009-

present 
Coached  Coached, 

Self 

  Ultimate 

Frisbee 
  Recreational   6   2015-

present 
  Self 

Volleyball 
(x8) 

x4 x4 

Recreational 

(x4), 
Competitive 

(x3), Both 

Competitive 
(x3), Both 

Recreational 

(x2), 
Competitive

, Both 

3-15 6-10 1-6 
2008-

present 
2006-
2018 

2010-
present 

Self (x4), 

Coach 
(x3), 

Both 

Coached 
(x3), Both 

Self (x3), 
Coached 

Water Polo   Recreational   1   2018   Self   

Weight 
Lifting 

 x1 Recreational  Recreational 8  5 
2018-
2019 

 2014-
present 

Self  Self 

Wrestling x1  Competitive Competitive  12 15  2012-

2015 

2014-

present 
 Both Coached  
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Appendix B: The Movement Specific Reinvestment Scale (MSRS) 

Mean(SD) results of the MSRS for the errorless group, errorful group, and self-control group 

can be found in Table 7. The MSRS is scored for each subscale (Conscious Motor Processing 

and Movement Self-Consciousness) by adding up the rankings of all the statements in each 

subscale. 

 

 

For each of the following statements, please indicate how true it is for you, using the 

following scale:  

 

1 2 3 4 5 6 

 

 

 

 

Conscious Motor Processing 

 

_____   I am always trying to think about my movements when I carry them out. 

_____   I reflect about my movement a lot. 

_____   I am always trying to figure out why my actions failed. 

_____   I am aware of the way my body works when I am carrying out a movement. 

_____   I rarely forget the times when my movements have failed me. 

 

Movement Self-Consciousness 

 

_____   I am concerned about my style of moving. 

_____   I am self-conscious about the way I look when I am moving. 

_____   If I see my reflection in a shop window, I will examine my movements. 

_____   I sometimes have the feeling that I am watching myself move. 

_____   I am concerned about what people think about me when I am moving. 

 

 

 

 

 

 

 

 

 

 

 

 

 

strongly 

disagree 

 

 

strongly 
agree 
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Appendix C: Allocation of Attention and Intrinsic Motivation Inventory Questionnaire  

Mean(SD) results for Intrinsic Motivation Inventory as well as the number of participants who 

focus internally and externally the errorless group, errorful group, and self-control group can be 

found in Table 8. The Intrinsic Motivation Inventory is scored for each subscale by adding up the 

rankings of all the statements in each subscale. If a statement is followed by an (R), the ranking 

of the statement must be “reversed” by subtracting the number indicated by 8. 

 

 

1) Please indicate, using an “X” in the space provided, where you allocated most of your 

attention while performing your golf stroke. 

 

 Internally (i.e., the individual's attention is drawn to the body part in question) 

 Externally (i.e., the individual’s attention is drawn to away from the body) 

 

 

2) For each of the following statements, please indicate how true it is for you, using the 

following scale:  

 

1 2 3 4 5 6 7 

 

 

 

 

Interest/Enjoyment 

 

_____   I enjoyed doing this activity very much. 

_____   I thought this was a boring activity. (R)  

_____   This activity did not hold my attention at all. 

 

Effort/Importance  

 

_____   I put a lot of effort into this.  

_____   I didn’t try very hard to do well at this activity. (R)  

_____   It was important to me to do well at this task.  

 

Perceived Choice  

 

_____   I believe I had some choice about doing this activity.  

_____   I did this activity because I wanted to.  

_____   I did this activity because I had to. (R) 

 

Value/Usefulness 

 

_____   I would be willing to do this again because it has some value to me.  

_____   I believe doing this activity could be beneficial to me.  

_____   I think this is an important activity. 

not true 
at all 

somewhat 
true 

very 
true 
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Appendix E: Entrance Questionnaire 

The online google document that all participants used to record their individual information that 

pertains to the study. Every participant was informed of their experiment number by the 

researcher. 
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Appendix F: Apparatus 

The putting green with marked 6 cm squares at all eight putting distances (25 cm, 50 cm, 75 cm, 100 cm, 

125 cm, 150 cm, 175 cm, 200 cm) as well as the MacBook and Dell computer on the standing cart, 

located towards the back end of the putting green. 
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Appendix G: Microsoft PowerPoint Slides to Record Putting Hole Estimates 

The Microsoft PowerPoint slides that were presented to all participants on the researcher’s 

MacBook during the acquisition and retention period. All participants recorded their perceived 

putting hole sizes by adjusted the size of the white circle in either the bottom left, bottom right, 

top left, or top right corner of the slide.  
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Appendix H: Acquisition Procedure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

**x8 Distances (160 Total Putts)

Putting Hole Estimation (via Microsoft PowerPoint) 

Putting Distance Entered (via E-Prime 2.0)* 

*pre-determined for EL and EF; self-determined for 

SC 

Putting Prediction Entered (via E-Prime 2.0) 

Confidence Level Entered (via E-Prime 2.0) 

Putt (20 trials per distance) 

Putting Hole Estimation (via Microsoft PowerPoint) 

Putting Score Entered (via E-Prime 2.0) 

Satisfaction Level Entered (via E-Prime 2.0) 

Consent Form (Pen and Paper)  

Athletic Background Questionnaire (Pen and Paper) 

Movement Specific Reinvestment Scale (Pen and 

Paper) 

Task Instructions (via Microsoft PowerPoint) 

Entrance Questionnaire (via Microsoft PowerPoint) 

** 
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Appendix I: Retention Procedure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

**x2 Distances (40 Total Putts) 

 

 

 

 

 

Task Instructions (via Microsoft PowerPoint) 

Putting Hole Estimation (via Microsoft PowerPoint) 

Putting Distance Entered (via E-Prime 2.0) 

Putting Prediction Entered (via E-Prime 2.0) 

Confidence Level Entered (via E-Prime 2.0) 

Putt (20 trials per distance) 

Putting Hole Estimation (via Microsoft PowerPoint) 

Putting Score Entered (via E-Prime 2.0) 

Allocation of Attention and Intrinsic Motivation 

Inventory Questionnaire (Pen and Paper) 

Satisfaction Level Entered (via E-Prime 2.0) 

** 
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Appendix J: Participant Information Letter and Informed Consent 

 

Faculty of Applied Health Sciences 

Department of Kinesiology 

 

 

Project Title: The impact of motor task success on the perception of target size 

 

Student Investigators     Faculty Supervisor and Principal 

Investigator       Jae Patterson   

Krystina Bianchi     Associate Professor 

Department of Kinesiology     Department of Kinesiology Brock 

University       Brock University  

(905) 688-5550 ext. 5985     (905) 688-5550 ext. 3769 

kb17da@brocku.ca     jpatterson@brocku.ca 

        

INVITATION 

You have been invited to participate in a research study. The purpose of this study is to examine 

the impact of movement success on perception of target size. 

 

WHO IS ELEGIBLE 

Brock University female and male students aged 18-25 years, with normal or corrected normal 

vision. 

No known motor (e.g., weakness, tremors in hands) or sensory (e.g., numbness, tingling feelings 

in the hands) limitations that will constrain success in a motor task. Minimal golfing experience 

is required: a) 

you have not played a round of golf in the past 12 months or b) you have played less than five 

rounds of 

golf in your lifetime. 

 

I have normal or corrected normal vision. 

I have no known cognitive, motor, or sensory limitations that will constrain success in a motor 

task. 

 

If you agree to the above statements, please sign below. 

 

 

Signature: _____________________________________________ 

 

 

 

 

 

mailto:kb17da@brocku.ca
mailto:jpatterson@brocku.ca
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WHAT'S INVOLVED 

Day 1: Complete a questionnaire providing information on the participant's previous golf 

experience. In the laboratory, the participant will be required to complete a total of 160 golf 

putts, 20 putts from eight different distances ranging from 25 cm to 200 cm, in 25 cm 

increments. Participants will be required to estimate how many putts will result in the ball going 

in the hole before completing 20 putts from each of the distances as well as how confident they 

are that they can achieve this prediction. After completing 20 putts from a specific distance, 

participants will be required to adjust the size of a white circle on a computer screen that 

represents their perceived size of the putting hole. They will then record their satisfaction level 

regarding their performance. (Approximately 1 hour)  

 

Day 2 (Approximately 24 hours after the end of day 1): the participant will return to the lab to 

complete the Day 1 protocol again that will require putting 40 putts from two of the eight 

practiced putting distances from Day 1 (total of 80 putts). (Approximately 15 minutes)  

POTENTIAL BENEFITS AND RISKS 

Potential risks for participants may include frustration from potential decreased putting success 

as the putting distance from the hole increases. Participants will be informed to perform to the 

best of their ability before putting 20 times from each of the eight distances. Participants will 

also be informed their putting success will not have a negative effect on their participation in the 

experiment, and they can take a break at any time or withdraw from the experiment at any point 

without any negative consequences. Involvement of this study will provide the participant with a 

further understanding the impact of motor performance on their perception of the environment.  

CONFIDENTIALITY 

A numeric code will be assigned to the participant's initials so their name will not be associated 

with the data collected by the computer. All data from the experiment will only be accessed by 

the Primary Student Investigator and Supervisor and will be on file for a period of five years 

following publication to allow for publication and dissemination at academic conferences. 

Participants will only be listed by their unrelated group identifier and number (i.e., 101F). If 

referenced in this manner, then the actual code used in publication is typically randomly changed 

from the one used during the experiment (i.e., 101F changes to EF101). The order of number 

assignment is non-sequential and the group identifier is independent of the participant's initials. 

All data will be stored on a password-protected computer and hard copy forms will be stored in a 

locked filing cabinet. All hard copy and computer data will be kept for five years post-

publication. We retain this information for five years to allow time for journal publications to go 

through. Furthermore, all information provided will be considered confidential.  

VOLUNTARY PARTICIPATION  

Participation in this study is voluntary. If the participant wishes, they may decline to answer any 

questions or participate in any component of the study. Furthermore, the participant may decide 

to withdraw from this study at any time by informing the Student Investigators or Supervisor 

during testing or through email after they have left the lab. If a participant chooses to withdraw 
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from the study, the data will be electronically deleted and consent forms will be shredded 

immediately following withdrawal from the study. Due to social risks of having peers voluntarily 

participate or choose to not participate in this study, we ask that you please not discuss your 

experience in this experiment outside of the laboratory. Additionally, participants will receive a 

verbal and written debrief of the purpose of the study.  

PUBLICATION OF RESULTS 

Results of this study may be published in professional journals and presented at conferences. 

Feedback about this study will be available to all participants in the study and can be obtained 

from Dr. Jae Patterson who may be contacted through the information listed above. Furthermore, 

individual feedback will be available approximately 4 months following the end of the study 

upon request.  

CONTACT INFORMATION AND ETHICS CLEARANCE 

If the participant has any questions about this study or require further information, please contact 

Dr. Jae Patterson from Brock University with the information provided above. This study has 

been reviewed and received ethics clearance through the Research Ethics Board at Brock 

University (#18-200). If the participant has any comments or concerns about their rights as a 

research participant, please contact the Research Ethics Office at (905) 688-5550 Ext. 3035, 

reb@brocku.ca.  

 

Thank you for your assistance in this project.  

INFORMED CONSENT TO PARTICIPATE 

I agree to participate in this study described above. I have made this decision based on the 

information I have read in the Information-Consent Letter. I have had the opportunity to receive 

any additional details I wanted about the study and understand that I may ask questions in the 

future. I understand that I may withdraw this consent at any time.  

 

Name: _______________________   Witness: ___________________________ 

 

Signature: ________________    Date: _______ Signature: __________________________ 

 

E-mail: ________________________________ 
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Appendix K: G*Power Output 
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LIST OF TABLES  

Table 1: Acquisition Mean Values by Distance and Group 

Acquisition mean values (standard deviations) for score predictions, confidence levels, actual 

putting scores, satisfaction levels and perception values. Acquisition values are provided for the 

errorless group (EL), the errorful group (EF), and the self-control group (SC). Acquisition 

consists of eight distances (20 trials per distance).   

 
25cm 

Group Predicted Confidence Actual Satisfaction Perception 

EL 17.08(1.93) 85.25(10.5) 19.92(0.3) 99.58(1.4) 11.18(2.3) 

EF 19.83(0.39) 97.75(3.1) 19.92(0.3) 99.58(1.4) 12.59(1.7) 

SC 17(2.18) 88.83(9.8) 20(0) 99.58(1.4) 13.5(2.1) 

 
50cm 

Group Predicted Confidence Actual Satisfaction Perception 

EL 17.08(1.9) 86.08(7.4) 18.58(1.4) 94.92(6.7) 10.28(2.3) 
EF 18.83(0.4) 94.17(4.2) 19.42(1.0) 95.58(11.6) 12.48(1.8) 

SC 17(2.2) 91.42(7.2) 19.17(1.4) 96.5(6.8) 13.84(2.0) 

 
75cm 

Group Predicted Confidence Actual Satisfaction Perception 

EL 16.5(1.9) 83.58(11.9) 18(1.6) 91.5(7.9) 10.4(1.9) 

EF 17.42(2.1) 85(13.9) 18.17(1.8) 95.42(6.6) 12.53(2.0) 

SC 16.17(2.5) 89.08(6.9) 17.25(2.3) 89.42(12.9) 13.88(1.7) 

 
100cm 

Group Predicted Confidence Actual Satisfaction Perception 

EL 15.58(1.6) 84.75(8.4) 14.67(2.9) 79.58(15.1) 9.78(2.7) 
EF 14.42(2.6) 80.83(11.3) 16.42(2.4) 90.5(12.3) 12.43(1.6) 

SC 15.58(2.61 88.83(10.7) 16.25(3.2) 88.92(10.8) 13.63(1.7) 

 
125cm 

Group Predicted Confidence Actual Satisfaction Perception 

EL 13.17(2.4) 78.33(11.9) 12.5(4.1) 66.75(21.8) 9.95(2.2) 

EF 13.33(2.8) 80.83(13.3) 13.58(3.7) 80.17(20.7) 12.23(1.7) 

SC 13.83(3.2) 83.42(11.0) 13.83(2.6) 81.67(11.2) 13.46(2.1) 

 
150cm 

Group Predicted Confidence Actual Satisfaction Perception 

EL 11.17(3.4) 76.67(12.9) 9.42(3.7) 53.75(22.5) 9.73(1.6) 
EF 13.5(4.2) 78.67(8.7) 11.33(3.1) 70.42(22.9) 12.4(1.9) 

SC 12.75(2.9) 82.83(9.2) 9.92(3.9) 55.83(29.0) 13.82(2.4) 

 
175cm 

Group Predicted Confidence Actual Satisfaction Perception 

EL 8(3.3) 76.67(14.4) 9.33(1.9) 72.5(21.9) 9.64(2.9) 

EF 9.33(2.2) 75.42(17.0) 11.08(3.0) 81.25(23.9) 12.11(1.6) 
SC 10.91(4.0) 77.42(15.3) 9.83(2.1) 82.08(14.5) 13.91(2.1) 

 
200cm 

Group Predicted Confidence Actual Satisfaction Perception 

EL 8.92(4.2) 74.17(15.8) 9.58(1.8) 66.25(21.8) 9.61(2.9) 
EF 8(3.0) 75.33(21.8) 7.5(2.3) 68.33(25.3) 12.38(2.0) 

SC 8(3.5) 79.92(19.0) 8.67(4.6) 67.5(32.3) 13.48(2.4) 
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Table 2: Retention Mean Values by Distance and Group 

Retention (RT) (standard deviations) for score predictions, confidence levels, actual putting 

scores, satisfaction levels and perception values. Retention values are provided for the errorless 

group (EL), the errorful group (EF), and the self-control group (SC). Retention consists of two 

distances (20 trials per distance). 
 100cm 

Group Predicted Confidence Actual Satisfaction Perception 

EL 15.25(2.3) 82.02(7.8) 15.67(2.6) 77.5(11.2) 10.66(2.3) 

EF 15.42(2.6) 83.33(8.4) 15.83(2.7) 88.75(11.9) 12.5(1.8) 

SC 14.08(3.6) 85.5(9.5) 14.08(3.6) 85.83(23.1) 12.99(3.1) 

 200cm 

Group Predicted Confidence Actual Satisfaction Perception 

EL 11.33(2.5) 74.58(11.3) 11.75(2.9) 77.08(10.3) 9.89(1.7) 

EF 11.16(3.0) 74.17(15.9) 10.58(3.9) 70(25.2) 12.53(1.9) 

SC 10.5(3.7) 78.67(13.8) 9.83(3.4) 74.33(22.4) 13.02(3.6) 
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Table 3: Self-Control Practice Schedules 

The practice schedule types and putting orders that were chosen by the self-control participants 

during the acquisition phase (day 1) of the experiment.  

 

Participant No. Schedule Order 

301 errorless 25cm, 50cm, 75cm, 100cm, 125cm, 150cm, 175cm, 200cm 

302 errorless 25cm, 50cm, 75cm, 100cm, 125cm, 150cm, 175cm, 200cm 

303 random 75cm, 125cm, 175cm, 200cm, 150cm, 100cm, 50cm, 25cm 

304 random 25cm, 100cm, 150cm, 75cm, 175cm, 125cm, 200cm, 50cm 

305 errorful 200cm, 175cm, 150cm, 125cm, 100cm, 75cm, 50cm, 25cm 

306 errorless 25cm, 50cm, 75cm, 100cm, 125cm, 150cm, 175cm, 200cm 

307 errorless 25cm, 50cm, 75cm, 100cm, 125cm, 150cm, 175cm, 200cm 

308 random 200cm, 25cm, 175cm, 50cm, 150cm, 75cm, 125cm, 100cm 

309 random 150cm, 125cm, 200cm, 75cm 175cm, 25cm, 50cm, 100cm 

310 errorless 25cm, 50cm, 75cm, 100cm, 125cm, 150cm, 175cm, 200cm 

311 random 25cm, 75cm, 125cm, 100cm, 150cm, 200cm, 175cm, 50cm 

312 errorless 25cm, 50cm, 75cm, 100cm, 125cm, 150cm, 175cm, 200cm 
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Table 4: Pearson Product-Moment Correlation of Putting Scores and Hole Size Perception 

Values for the Errorless Group 

The correlation between the putting scores and hole size perception values for the errorless 

group by distance during the acquisition phase and the retention phase (RT).   

 

  Perception 

Score  25cm 50cm 75cm 100cm 125cm 150cm 175cm 200cm 
100cm 

(RT) 

200cm 

(RT) 

25cm  -0.281        
  

50cm   0.185       
  

75cm    -0.501      
  

100cm     0.485     
  

125cm      -0.099    
  

150cm       -0.047   
  

175cm        0.463  
  

200cm         0.419   
100cm 

(RT) 
         

0.068  
200cm 

(RT) 
                 

  -0.420 
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Table 5: Pearson Product-Moment Correlation of Putting Scores and Hole Size Perception 

Values for the Errorful Group 

The correlation between the putting scores and hole size perception values for the errorful group 

by distance during the acquisition phase and the retention phase (RT).   

 

  Perception 

Score  25cm 50cm 75cm 100cm 125cm 150cm 175cm 200cm 
100cm 

(RT) 

200cm 

(RT) 

25cm  -0.384        
  

50cm   -0.178       
  

75cm    -0.203      
  

100cm     0.171     
  

125cm      0.173    
  

150cm       0.493   
  

175cm        .514  
  

200cm         0.002   
100cm 

(RT) 
 

        -0.049  
200cm 

(RT) 
  

                  0.484 
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Table 6: Pearson Product-Moment Correlation of Putting Scores and Hole Size Perception 

Values for the Self-Control Group 

The correlation between the putting scores and hole size perception values for the self-control 

group by distance during the acquisition phase and the retention phase (RT).   

 

  Perception 

Score  25cm 50cm 75cm 100cm 125cm 150cm 175cm 200cm 
100cm 

(RT) 

200cm 

(RT) 

25cm  ---        
  

50cm   -0.205       
  

75cm    -0.235      
  

100cm     0.048     
  

125cm      -0.039    
  

150cm       -0.234   
  

175cm        -0.413  
  

200cm         0.196   
100cm 

(RT) 
 

        -0.305  
200cm 

(RT) 
  

                  -0.023 
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Table 7: The Movement Specific Reinvestment Scale (MSRS) Results 

Mean (SD) values for the Movement Specific Reinvestment Scale for the Conscious Motor 

Processing (CMP) and Movement Specific Reinvestment (MSR) subscales for the errorless, 

errorful, and self-control groups. The highest possible score for each subscale is 30 and the 

lowest possible score for each subscale is 6. 

 MSRS 

Group CMP MSC 

EL 20.58(3.1) 15.08(5.9) 

EF 20(5.7) 17.58(6.4) 

SC 18.58(4.4) 15.58(5.0) 
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Table 8: Allocation of Attention and Intrinsic Motivation Inventory Results 

The number of participants who focused internally vs. externally as well as the mean (SD) values 

for the Intrinsic Motivation Inventory subscales including: Interest/Enjoyment, 

Effort/Importance, Perceived Choice, and Value/Usefulness for the errorless (EL), errorful (EF), 

and self-control (SC) groups. The highest possible score for each subscale is 21 and the lowest 

possible score for each subscale is 3.  

 
  Allocation of Attention  Intrinsic Motivation 

Group Internal External   Interest Effort Choice Value 

EL 3 9  17.5(2.7) 17.75(1.2) 16.25(2.9) 12.25(3.8) 

EF 5 7  17.33(2.6) 17(2.4) 15.83(4.1) 11.67(3.1) 

SC 3 9   16.5(4.1) 17.3(2.4) 17.08(2.35) 13.92(3.8) 
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LIST OF FIGURES 

Figure 1: Mean Putting Scores by Distance 

The mean putting scores recorded by the errorless (EL), errorful (EF), and self-control (SC) 

groups at each distance during the acquisition phase (day 1) and the retention phase (day 2).  
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Figure 2: Mean Hole Size Perceptions by Distance 

The mean hole size perceptions recorded by the errorless (EL), errorful (EF), and self-control 

(SC) groups at each distance during the acquisition phase (day 1) and the retention phase (day 

2). The red horizontal line indicates the size of an actual putting hole (10.8 cm). 
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Figure 3: Mean Hole Size Perceptions at the end of Acquisition and before Retention by 

Groups 

The mean hole size perceptions recorded by the errorless (EL), errorful (EF), and self-control 

(SC) groups after the last completed distance during the acquisition phase (day 1) and before the 

first completed distance during retention (day 2). 
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Figure 4: Mean Hole Size Perceptions by Block  

The mean hole size perceptions recorded by the errorless (EL), errorful (EF), and self-control 

(SC) groups by block during the acquisition phase (blocks 1-8) and the retention phase (block 

RT1 and block RT2). 
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Figure 5: Absolute Differences Between Predicted Putting Score and Actual Putting Score 

by Group  

The mean absolute differences between predicted putting scores and actual putting scores 

recorded by the errorless (EL), errorful (EF), and self-control (SC) groups by block during the 

acquisition phase (blocks 1-8) and the retention phase (block RT1 and block RT2). 
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