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A rich literature documents the benefit of using strategies to enhance learning in 

the cognitive domain. The literature is less robust with respect to the usefulness of the 

same strategies when performing a motor skill. No information exists in the motor 

domain with regard to a child’s ability to use strategies in the recall of motor timing 

tasks.  

 The purposes of this dissertation were to determine (1) whether the recall 

performance and the type of recall strategy used for a timing task changes 

developmentally, (2) if superior performance was associated with strategy use, and (3) 

whether children who were poor performers in the task would benefit from learning to 

apply a specific strategy. Two experiments were performed. Experiment 1 examined 

whether younger children (5-7 years) differed from older children (8-10 years) in strategy 
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use during the performance of a timing task. Experiment 2 examined how instruction in 

the use of a specific strategy influenced children’s subsequent performance.   

 In Experiment 1, 18 younger children and 18 older children were asked to recall 

selected pedaling cadences. The results revealed that the majority of the younger children 

did not use strategies, while most of the older children used strategies in the timing task 

performance. Children who used strategies performed with less error than the children 

who did not use strategies. The superior performance by the older children was observed 

at all cadences when compared to the performance of younger children. 

 In Experiment 2, 18 children with high errors in Experiment 1 were assigned to an 

experimental or control group. The children in the experimental group were taught to use 

a specific strategy to assist their recall of the pedaling cadences. The results showed that 

children who received the instruction in strategy use improved their performance.  

In summary, two experiments were conducted in which age-related differences in 

strategy use were found when performing a timing task. An intervention given to the poor 

performers led to improvement in performance independent of age. These findings have 

direct relevance for use of strategies to effectively teach timing tasks in children between 

5 and 10 years of age.  
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Chapter 1: General Introduction 
 

Cognitive processes and motor development interact continually throughout the 

lifespan, reciprocally inhibiting and facilitating one another (Payne & Isaacs, 2002; Prull, 

Gabrieli, & Bunge, 2000; Sigelman, 1999). The reciprocal interaction of motor and 

cognitive development has been explored by developmental theorists of the twentieth 

century. Piaget (1952), for example, known for his theory of cognitive development, is an 

example of a theorist who recognized the important role of movement, particularly during 

the early years of life. Piaget’s work has done much to spread the notion that cognitive 

processes can be enhanced through the medium of movement. It became evident to many 

psychologists that what went on in the head could not be ignored if one wished to 

understand human development. The interaction between cognitive processes and  motor 

development, however, was not well recognized even though several motor 

developmentalists suggested that this interaction was prevalent in human development, 

and isolating any one area of development could be difficult (e.g., Gabbard, 2000; Payne 

& Isaacs, 2002). Thus, the intent of this dissertation was to examine the use of cognitive 

processes in motor skill performance and learning. 

One of the crucial components of cognitive processing is the memory system. The 

memory system accounts for many of the movement performance changes observed 

across childhood (Siegler, 1991; Small, 1990). To understand how children perform and 

acquire movement skills, teachers, coaches, and educators must understand memory 

development in children and then must use this knowledge effectively (e.g., put this 

knowledge into practice through appropriate instructional techniques).  



  

 2

The emergence and use of strategies is recognized as an important step in the 

development of a child’s memory system. Barton (1978) concluded that, “The major 

reviews of the literature in cognitive processes are in essential agreement that differences 

in memory abilities can so far be ascribed entirely to differences in strategies” (pp. 411-

412). Younger children (5-7-year olds) compared to older children (8-10-year olds) have 

been found to differ in the cognitive processes involved in performance and learning 

(e.g., Chi, 1976; Gallagher & Thomas, 1984; Winther & Thomas, 1981). A major source 

of age-related performance differences can be attributed to failure of the younger children 

to use appropriate cognitive processes or to generalize strategies. Strategies refer to when 

individuals deliberately use cognitive or behavioral activities to help them remember the 

task in order to enhance their performance (Naus & Ornstein, 1983). Strategies are 

generally considered as effortful, goal-directed processes that are used to enhance 

memory performance. Children are, in a sense, universal novices (Brown & DeLoache, 

1978). They constantly need to discover strategies to cope with situations that their older 

counterparts find quite routine. They also need to determine where and when newly 

discovered strategies apply. Therefore, children are a particularly appropriate group for 

studying the cognitive process of strategy use.   

Strategy use is increasingly effective for mediating performance through the 

childhood years. In studies of memory development, researchers identified a 

developmental trend in the employment of strategies by children. By the age of 7 years, 

younger children spontaneously use strategies, but their pattern of strategy use varies 

qualitatively from older children (Naus & Ornstein, 1983). That is, older children not 
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only use strategies more frequently, but the ones they choose are more effective for 

performance than the strategies of younger children.  

A rich literature documents the benefit of using effective strategies to enhance 

learning in the cognitive domain (Corsale & Ornstein, 1980; Cox, Ornstein, Naus, 

Maxfield, & Zimler, 1969; Garner, 1990; Naus, Ornstein, & Aivano, 1977; Paris & 

Winograd, 1990). Training children to use more effective rehearsal strategies (e.g., Cox 

et al., 1989; Naus et al., 1977), organizational strategies (e.g., Corsale & Ornstein, 1980; 

Lange & Pierce, 1992), and other strategies (e.g., Gaultney, 1995; Paris & Oka, 1986) 

improves their memory performance. Results of these findings indicated that children can 

benefit from specific strategy use in the cognitive domain when provided with 

instruction.  

It is well established that strategies are beneficial for children when learning a 

cognitive skill (Cox et al., 1989; Pressley & McCormick, 1995). The evidence on 

effectiveness of strategy use when learning a movement skill, however, is less robust 

(e.g., Thomas, Thomas, Lee, Testerman, & Ashy, 1983). The difference between 

cognitive skills and movement tasks recall is the effect of interpolated activity inserted 

between acquisition and recall. For instance, for cognitive skills such as verbal recall, 

forgetting occurs when the retention interval is filled by another activity. In contrast, in a 

movement task such as recall of location moved, forgetting occurs spontaneously over 

unfilled retention intervals (Stelmach, 1970). The fact that movement forgetting occurs 

when the retention interval is unfilled in movement tasks suggests that strategies are not 

used in the movement recall, or individuals can not adequately repeat movement 
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information during the retention interval (Posner, 1967; Stelmach, 1970). On the basis of 

these findings, it appears that use of strategies vary for learning cognitive skills versus 

movement tasks. Because our knowledge about strategy use in the cognitive domain can 

not be directly transferred to the motor domain, it is important to review specifically the 

literature in strategy use in the motor domain.  

Mixed information exists in the motor domain literature with regard to 

developmental changes in the ability of children to use strategies to aid in the recall of 

movements. There is evidence to indicate that strategies are effective in learning certain 

types of movements such as movement location, distance and sequence (Gallagher & 

Thomas, 1984; Thomas et al., 1983). These findings are, however, contradicted by the 

outcomes of studies showing that attempts to use a strategy interfere with recall of a 

movement performance (Duffie, Montague, Laabs, & Hillix, 1975; Kovar & VanPelt, 

1991; Stelmach & Bassin, 1971). Kovar and VanPelt (1991), for example, reported that 

10-year-old children showed no improvement in a basketball free-throw performance 

when a first-letter mnemonic strategy (verbal labeling) was advised, compared to children 

with no strategy prompted. Conversely, Gallagher and Thomas (1984) showed that 5- and 

7-year-old children who were instructed to use a step counting strategy demonstrated 

improved distance-jogged recall performance when compared to children with no 

strategy advised.  

The fundamental differences leading to different findings between Thomas et al. 

(1983) and Kovar and VanPelt (1991) might be the strategies taught and the tasks 

performed in the experiments. For example, Thomas et al. asked children to perform and 
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recall a continuous task while children in Kovar and VanPelt’s study were required to 

perform and recall a discrete task. In addition, the strategy used in Kovar and VanPelt’s 

study in order to perform a free-throw task was a verbal labeling strategy, which is 

different from the step counting strategy used in the Thomas et al. experiment. Taken 

together, these findings suggest that the effects of the use of a strategy vary as a function 

of differences of the task and strategies used to perform that task. 

Task differences are a major feature contributing to mixed findings in children’s 

recall of movement when they are taught strategies (Siegler & Alibali, 2005). A task can 

be harder or easier to remember because of the amount and kind of information to be 

learned and remembered (Flavell, Miller, & Miller, 1993). A discrete task differs from a 

continuous task in the motor processes. Discrete tasks are defined as movement skills that 

are relatively brief in duration, and have quite distinct beginning and end points (Magill, 

1998), while continuous tasks are described as movements that are relatively long in 

duration, and have no real distinct beginning point or arbitrarily defined end point. In 

addition, a discrete task differs from a continuous task in a cognitive processing (Heindel, 

Butters, & Salmon, 1988; Schacter, Cooper, & Delaney, 1990; Schacter, Cooper, 

Delaney, Peterson, & Tharan, 1991; Verdolini-Marston & Balota, 1994). Discrete tasks 

are generally easier to remember than continuous tasks because discrete tasks require less 

information to be learned and remembered. In contrast, remembering a continuous task 

requires a higher attention load during performance. A continuous task involves a series 

of decisions, actions, and evaluations throughout the performance. For a discrete task 
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however, the decisions are usually made prior to the performance and evaluated after the 

performance (Stelmach, 1975).  

Discrete and continuous tasks are different in both cognitive and motor processes. 

Researchers commonly use discrete tasks to investigate the age effects in motor skill 

performance. Discrete finger tapping tasks, for example, are often used to examine the 

effects of age-related differences in a timing task performance. Studies on the 

development of timing using a discrete finger tapping paradigm showed age-related 

increases in temporal accuracy and enhanced ability to produce complex timing patterns 

in children ages 5 to 11 years (Rosenbusch & Gardner, 1968; Harbst, Lazarus, & Whitall, 

2000).  

In addition to finger tapping tasks, the paradigm of anticipation timing has often 

been used to examine the development of the temporal component of movement 

performance. Studies of the development of discrete anticipation timing have shown that 

timing accuracy improves with age, particularly between the ages of 5 and 11 years 

(Bard, Fleury, Carriere, & Bellec, 1990; Lemon & Sherbon, 1934; Williams, 1985). Thus, 

studies of finger tapping and anticipation timing have shown clear developmental 

changes in these discrete timing tasks.  

Previous investigations on the effects of strategy use in timing performance have 

typically used discrete tasks. The unstated reason why discrete timing tasks (e.g., tapping, 

anticipating timing) have been so well studied is the belief that timing processes can be 

shared by a variety of motor tasks. In other words, the same timing system is assumed to 

govern discrete and continuous timing tasks. Thus, when researchers are studying timing 
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processes in timing tasks, they assume they are, in fact, examining timing in general 

(Rosenbaum & Collyer, 1998; Wing & Kristofferson., 1973).  

Zelaznik and colleagues have challenged the ubiquity of general-purpose timing. 

Robertson et al., (1999) demonstrated that the timing processes in a discrete timing task 

(i.e., tapping, intermittent circle drawing) control a timing process that differs from those 

in a continuous timing task (i.e., continuous circle drawing). Spencer, Zelaznik, 

Diedrichsen, and Ivry (2003) provided neurological evidence in support of Robertson et 

al.’s finding. Spencer et al. found that patients with unilateral cerebellar lesions were 

impaired in the tapping task when they performed with their impaired hand, but the 

unimpaired hand, which was controlled by the unaffected cerebellar hemisphere, was 

timed normally. When cerebellar lesion participants performed the continuous circle-

drawing task, however, each hand performed equally well and timing was unimpaired. 

Given the substantial evidence that the cerebellum acts as a timer (e.g., Ivry, Spencer, 

Zelaznik, & Diedrichsen, 2002), the dissociation discovered by Spencer et al. provided 

strong evidence that separate timing systems control discrete and continuous timing tasks. 

Few other strategy studies exist that have used motor tasks, and the findings have 

been inconsistent (Gallagher & Thomas, 1984; Stelmach & Bassin, 1971; Thomas et al., 

1983). In addition, previous investigations indicated that discrete and continuous tasks 

differ in information processing (Heindel et al., 1988; Schacter et al., 1990; Schacter et 

al., 1991; Verdolini-Marston & Balota, 1994), and timing processing (Robertson et al., 

1999; Spencer et al., 2003). While age-related differences in discrete timing performance 

are salient, information on developmental trends in strategy use for continuous timing 
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tasks is not available. Many questions remain unanswered, such as whether children show 

age-related differences in strategy use when performing a continuous timing task? Can 

specific strategies be taught and be beneficial for learning continuous timing tasks?  

 One of the gaps in our knowledge, then, is the information necessary to 

implement effective strategies for children to acquire continuous timing tasks. Hence, 

there is a need to investigate the effect of strategy use in a continuous timing task to 

extend our knowledge beyond the existing literature on the effects of strategy use in 

movement recall in children. The purposes of this dissertation, therefore, were to 

determine whether strategy use for a continuous timing task changed developmentally, 

and to examine whether instruction of a specific strategy improved children’s recall 

performance in a continuous timing task. Two experiments were conducted. Experiment 

1 examined whether younger children (5-7 years) differed from older children (8-10 

years) in strategy use during the performance of a continuous timing task. Based on the 

literature, we expect younger children be less likely to use strategies compared to older 

children. We also expect younger children to perform more poorly. And the hypothesis is 

that strategy use is a significant cognitive factor that may lead to younger children’s poor 

performance. To test that hypothesis, Experiment 2 designed to examine how instruction 

in the use of a specific strategy influenced children’s continuous timing task 

performance.   

 Skill improvement is a function of many factors in children. By examining 

strategy use in children, researchers can explore and teach children to use appropriate 

strategies in a timing task performance. Timing is fundamental to movement and sport 
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skills, musical performance, as well as speech and the performance of timed motor tasks. 

In addition, children’s timing has been found to be positively related to children’s overall 

school achievement (e.g., Mitchell, 1994). Teaching children who have not yet developed 

the strategies for timing can assist them to learn timing tasks faster and more reliably. 

Children may have the potential to improve their academic abilities because of the 

improvements in timing task performance with the application of effective strategies. 

Outcomes from this dissertation increase our knowledge about the cognitive factors that 

lead to age-related differences in motor skill performance. Further, the knowledge gained 

from this research has applications as researchers explore and implement age-appropriate 

strategies in motor skill learning for children.  
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Chapter 2: Literature Review 

Introduction 

As children age, motor and cognitive skill performance improves. There are many 

variables discussed in the cognitive and motor development literature to which these 

changes in performance and learning are attributed. The purpose of this review is to 

discuss factors that change across childhood and affect motor performance and learning: 

the use of strategies in cognitive and motor domains, the interaction between strategy use 

and task type, and the motor performance and learning variables (e.g., practice schedule 

and the feedback) that might affect the relationship between strategy use and task type.   

In this review, an overview of studies within the context of developmental 

differences in strategy use in both cognitive and motor domains is first presented. Next, 

how children learn strategies in cognitive and motor skills is examined. Task difference is 

one important factor that contributes to the mixed findings in children’s recall of 

movement when they are taught strategies. Therefore, task differences and why the 

continuous timing tasks are of particular interest are discussed next.  Finally, the 

literature of practice scheduling and feedback frequency in motor skill learning in 

children is summarized to provide information on relevant methodological issues and 

justifications for the methods used in the dissertation. Many of these findings about 

practice schedule and feedback in motor skill learning in children contradict earlier 

findings in adults because of cognitive or motor development differences. The additional 

purpose of the motor learning literature review is to expose support that children’s motor 
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learning patterns are not always like those of adults, and are not always the same for 

discrete and continuous tasks.  
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Age-related Differences in Strategy Use 

Strategies are a particular type of cognitive process. Although strategies have 

been defined slightly differently by several researchers, these are generally thought to be 

a part of a cognitively effortful, goal-directed process that is adopted to enhance memory 

performance (Bjorklund & Harnishfeger, 1990; Naus & Ornstein, 1983).  Strategies are 

used to retrieve information from memory. They are also used to acquire information, 

such as the skills children learn to help themselves master new materials. And, above all, 

strategies develop. Age-related differences are observed both in the number of strategies 

children of different ages have available to them and in the efficiency with which they 

use those strategies. In this section of the review, we first introduce information 

processing theory in children’s strategy development. We then review research that has 

shown developmental differences in children’s strategy use. We conclude this section 

with a brief overview of strategy use in development research and importance of 

understanding strategy development. 
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In the literature on motor behavior and cognitive development, younger and older 

children differ in the processing of information in both motor and cognitive skills 

(Flavell, Beach, & Chinsky, 1966; Thomas et al., 1983). A major source of the 

differences can be attributed to failure of younger children to use appropriate memory 

processes or to generalize learning strategies. A traditional view of learning and 

development was that younger children know and can remember little, but with age 

(maturation) and experience (of any kind) they become increasingly competent (Chi, 

1976; 1977; Ornstein, Naus, & Liberty, 1975; Thomas, 1980). 

 It appears that changes in information processing are mostly responsible for the 

variance linked to the improvement in cognitive and motor performance associated with 

development. Indeed, the strategies used to collect information and remember 

information become more efficient as children grow (Chi, 1976; Ornstein et al., 1975). 

The older the child, the faster he or she processes a given amount of information and the 

more information he or she processes for the same unit of time (Chi, 1976, 1977). 

Thomas (1980) stated that slow information processing in younger children is mostly due 

to the use of inefficient strategies to collect information and to transfer it to the memory 

system. These changes in strategy may lead to less recall and may explain some of the 

discrepancies found among children of different ages.  

The information processing approach was used to explain developments in 

children’s learning. All human learners have limitations in their short term memory for 

remembering and for solving problems. Information processing theories envision children 

as active learners and problem solvers who continuously devise means for overcoming 
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their processing limits and reaching their goals. Sensory memory, short term memory, 

and long-term memory are key structures, in which capacity and processing speed 

influence all cognitive activities (Kail, 1997; Luna, Garver, Urban, Lazar, & Sweeney, 

2004). Information processing theories focus on the specific mental processes that 

underlie children’s thinking. Even in early childhood, children are seen as actively 

pursuing goals, encountering processing limits, and devising strategies that allow them to 

surmount processing limits and attain goals (Kail, 1984; Saffron, 2003). Cognitive 

growth in general, and development of memory and learning in particular, are seen as 

involving increasingly efficient execution of basic operations, construction of more 

effective strategies, and acquisition of new content knowledge (Siegler & Alibali, 2005).  

Figure 2.1 is a model of information processing showing several processes in 

short term memory that develop over the childhood years (Thomas, Thomas, & 

Gallagher, 1981). Short term memory is described as the location where thinking occurs. 

The capacity of the short term memory store is limited and people can only think about so 

many things at the same time. Once information has reached short term memory, a 

learner may actively think about the material. Because information in short term memory 

deteriorates quickly, it is necessary to actively use strategies to help remember the 

material. For example, naming may involve labeling incoming information so that the 

label enhances recall of the information. Thus, teachers often use verbal labels (or 

mnemonics) to cue children about their movements and what they are learning.  
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Figure 2.1. Information Processing Model. 

 

   Short Term Memory 

   Strategies – develop  
across childhood 
 

Sensory Memory   Rehearsal     Long Term Memory 
Grouping 

    Organization 
    Elaboration 
    Retrieval 
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Hourgeois and Hay (2003) and others (e.g., Flavell, 1982; Klahr & Robinson, 

1981) argued that development means overcoming information processing constraints, 

such as limited short term memory capacity. The crucial argument for developmental 

psychologists is whether, compared with older children, younger children are less able to 

overcome general limitations through the clever use of strategies. 

One view of learning is that children have a reduced memory capacity compared 

to older children. While there is no doubt that, in general, children’s learning and 

memory abilities increase with age, controversy surrounds the mechanisms that affect 

these changes. One view is that children’s short term memory capacity, or the amount of 

memory space they have available, increases as children mature (Pascual-Leone, 1988). 

With more memory space, they can perform more complex mental operations and retain 

more information. Therefore, the mental operations of older children are more rapid, 

enabling them to make use of their limited capacity more effectively.  

A second view is that younger and older children have roughly the same memory 

capacity, but that with development children acquire knowledge and develop activities to 

use their memory effectively. Such activities are called strategies. There are a variety of 

well known and widely used strategies that increase remembering, such as rehearsal 

(repeating items over and over), which tends to improve rote recall (Belmont & 

Butterfield, 1971), grouping (organizing disparate pieces of information into a 

meaningful unit), which improves retention, and naming (attaching a verbal label to 

something to be remembered), which increases retention and comprehension.  
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The majority of psychologists favor the second view that function is what changes 

developmentally, not the size of memory (e.g., Chi, 1976, 1977; Chi & Gallagher, 1982; 

Thomas, 1980). Increased performance across the childhood years appears to be the result 

of more efficient memory function along with a larger base of experience (e.g., Chi, 

1977; Wickens, 1974). For example, reaction time performance changes across the 

childhood years, declining by 40 ms every two years as children grow (Thomas, 

Gallagher, & Purvis, 1981). However, reaction time may only reflect a better learned (or 

automatic) response on the part of the older children. Thomas et al. (1981) showed that 

the responses of older children and younger children became similar on a rapid timing 

task when the younger children were given more time to use error information from the 

previous trial to correct the next movement. The finding indicated that the age-related 

performance differences were related to the children’s functional change in information 

processing. 

 Information processing theories point to the acquisition and use of strategies as 

another major source of the changes in memory and learning. A number of these 

strategies emerge between ages 5 and 7 years (Dempster & Corkill, 1999; Luna et al., 

2004; Siegler, 1976). One of the most pervasive strategies used to improve memory 

performance in the cognitive domain is grouping. Grouping is a strategy that depends on 

organizing knowledge. In a classic paper, Miller (1956) described the persistence of a 

phenomenon he called the “magical number 7 ± 2” in human information processing. 

Given a list of numbers to remember, sounds to distinguish from one another, or a set of 

unrelated facts to recall, there is a critical change in performance at around seven items. 
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Up to seven items, people can readily handle a variety of items; with more than seven, 

they simply can not process them handily. People have developed ways around this 

memory constraint by organizing information, such as grouping together or “chunking” 

disparate elements into sets of letters, numbers, or pictures that make sense to them.  

 Known as the chunking (grouping) effect, this strategy improves the performance 

of children. Best and Ornstein (1986), for example, presented 5- to 10-year-olds with a 

long list of pictures to remember. Such a list consisted of pictures of a cat, rose, train, hat, 

airplane, horse, tulip, boat, coat, etc. Given a 20-item list, older children remembered 

more than younger children, but the factor responsible for better recall was not age per se, 

but whether the child noticed that the list consisted of four categories (animals, plants, 

transportation tools, and clothing). If the categories were recognized, younger children 

often recalled the entire list. In the absence of category recognition, performance was 

poorer and showed an age effect. Younger children employed grouping strategies less 

often than older ones.   

Further, researchers have shown age-related differences in strategy use when 

performing motor skills. The Thomas et al. (1983) study, for example, offers insight into 

developmental changes in children’s memory performance in a motor skill. Children at 5, 

9 and 12 years of age had to jog down a line on the playground and then reproduce the 

distance jogged on another line at a right angle to the first. The 5 year olds estimated with 

considerably more performance error than 9 and 12 year olds. This finding indicates that 

younger children do not automatically employ a strategy to remember, and thus have 
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difficulty recalling distance information. As children age, they are more likely to develop 

a plan to remember, and thus make fewer errors in estimating distance. 

In addition, verbal labels to cue children about their movements are often used in 

the motor domain. Winther and Thomas (1981) found that when individuals were asked 

to remember the end locations of the movements (the movement resembled a clock face), 

5 year olds did nothing specific to remember. When asked what they did to remember, a 

typical comment was “I used my brain.” Most 10 year olds used a visual image to recall 

the movement pattern, as in, “I saw a peace sign.” However, the adults used a clock face 

label to remember. It was reported that the adults’ performance was the best, followed by 

those of the 10 year olds, with the 5 year olds performing most poorly. The results 

suggest that a poor labeling strategy may result in poorer movement response. 

 In closing, younger children clearly differ from older children in the functions of 

the memory system. These differences produce poorer performance for younger children. 

The source of these deficits is in less effective application of strategies and lack of 

spontaneous strategy use. Strategies develop, with children using more effective 

strategies as they age. The understanding of children’s strategic development is important 

because the development of a repertoire of strategies has practical significance for 

learning and recall. By recognizing this effect in children, one can begin to design 

learning activities in the early school years that build on and strengthen their ability to 

learn and remember.  
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Teaching Children to Use Strategies  

With the emphasis that researchers have placed on age-related differences in 

strategy use, it is reasonable that the research paradigms involve teaching children to use 

strategies. In this section of the review, strategy learning research in the cognitive domain 

is presented first. Next, mixed findings in the motor domain with regard to the ability of 

children learning strategies to aid the recall of movement is reviewed. Finally, a brief 

discussion of potential factors, such as task type, that might contribute to the mixed 

findings in the motor domain is presented.  
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In a general sense, the memory development literature has much to offer anyone 

interested in the teaching of appropriate learning and strategies. There is a wealth of 

information, particularly for elementary school children, concerning the conditions that 

encourage strategy use (e.g., DeLoache, Cassidy, & Brown, 1985; Garner, 1990; Keeney, 

Cannizzo, & Flavell, 1967; Kennedy & Miller, 1976; Naus et al., 1977; Paris, 1988). The 

question, whether children who do not use a particular strategy could do so if asked, has 

been a major question in the study of memory development. When this question has been 

tested, the answer has often been positive. Failure to use a particular strategy may not be 

due to limitations in the memory system itself. Instead, it is perhaps simply a failure on 

the part of the individual to produce the appropriate strategy. Consequently, efforts to 

instruct elementary school children in the use of a particular strategy who do not 

spontaneously use the strategy have been successful. Children can be instructed to use 

rehearsal strategies, and when they do, their performance improves accordingly (e.g., 

Best & Ornstein, 1986; Kennedy & Miller, 1976; Naus et al., 1977). 

A rich literature documents the benefit of using strategies to enhance learning in 

the cognitive domain (e.g., Garner, 1990; Liberty & Ornstein, 1973) but is less robust 

with respect to the usefulness of strategies when learning a movement skill (e.g. Kovar & 

VanPelt, 1991; Gallagher & Thomas, 1984). Developmental findings that suggest 

improvement in strategy effectiveness with age should be taken into account when 

initiating strategy use (Flavell, 1971). 

In the cognitive domain, Keeney et al. (1967) conducted a classic study in 

strategy use concerning teaching strategies to first-grade children. A row of pictures was 
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placed in front of the child one at a time.  After the pictures were covered, the child was 

asked whether he or she could identify the pictures in the appropriate order. Children 

were observed during the study period in order to check for spontaneous rehearsal. 

Spontaneous rehearsal was identified as lip movements or speaking aloud. Children who 

used rehearsal did much better on the memory task than those who did not. The children 

who had not previously rehearsed and who were then instructed to rehearse, did as well 

as the children who rehearsed spontaneously. The finding indicates that not only is 

rehearsal an effective strategy for this age (first-grade children) with this task, but also 

that strategy teaching shows powerful effects. Further, Naus et al. (1977) presented 

second-, third- and sixth-grade children with a list of unrelated words to remember. The 

researchers demonstrated that instructions to engage in a multi-item (grouping) strategy 

benefited younger children (second and third graders) compared to the non-instruction 

group. Similarly, Guttentag (1984) trained second-, third-, and sixth-grade children to use 

a rehearsal strategy during a word recall task. Guttentag reported that even the youngest 

children learned the rehearsal strategy. However, researchers in cognitive development 

emphasize that there is not a single path to effective strategy use. Evidence in foreign 

language learning, for example, that strategies do not always facilitate foreign language 

learning in children (e.g., Zobl, 1989).  

In foreign language learning, the ‘‘good language learner’’ is one who makes use 

of several disparate strategies, which changes according to the task demands (Chamot & 

O’Malley 1994; Cohen, 1998; Grenfell & Harris, 1999; Oxford, 1990). One strategy that 

has demonstrated effectiveness in the acquisition of language has been mnemonics. 
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Mnemonic strategy is defined as a systematic procedure in which individual integrates 

unknown information into known stimuli (Pressley, Levin, & Delaney, 1982). Some 

studies in foreign language learning have shown that strategies do not always facilitate 

children language learning (e.g., Harley, 1979; Zobl, 1989), while the others have shown 

the effectiveness of a mnemonic strategy (e.g. Mastropieri & Scruggs, 1998; Oxford, 

1990). Though the picture of strategy use in foreign language is not a neat and clear one, 

contemporary psychologists suggest that training children to use effective strategies can 

generally improve children’s memory performance in the cognitive domain (Bjorklund & 

Harnishfeger, 1990; Pressley & McCormick, 1995). 

Further, mixed information exists in the motor domain with regard to 

developmental changes in the ability of children to learn strategies to aid in the recall of 

movement. There is evidence to indicate that strategies are effective in learning certain 

kinds of movements such as movement location, distance and musical performance 

(Bellezza, Cheesman, & Reddy, 1977; Gallagher & Thomas, 1984; Pines & Blick, 1974; 

Thomas et al., 1983). In music, for example, researchers found that incorporating timing 

characteristics or teaching rhythmic tendencies enhanced the musical effect of the 

performance (Bengtsson & Gabrielsson, 1980; Johnson, 1996; Palmer, 1989; Pover, 

1977, 1985).  

While the music field provides information on teaching strategies regarding 

rhythm performance, studies in the motor domain have noted that when younger children 

are taught to use adult like strategies, the accuracy of recall is increased (e.g., Gallagher 

& Thomas, 1984; Thomas et al., 1983). Thomas et al. (1983) reported that children who 
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were instructed to use a strategy demonstrated improved distance recall performance 

when compared to the non-strategy condition. In the Thomas et al. study, children at each 

of the three age levels, 5, 9, and 12 years, were randomly assigned to two groups. One 

group served as a control to evaluate the spontaneous development of a strategy for 

remembering distance information, while the second group was taught a step counting 

strategy (adult like strategy) to aid recall. The result of the study indicated that children 

who were taught a counting strategy estimated distance with significantly less error than 

the children in the control group. The significant treatment effects demonstrated that, 

overall, the teaching of a strategy for remembering distance facilitated recall. In addition, 

the performance error of the strategy group was reliably lower than for the control group.  

In contrast, the results of several studies in the motor domain indicate that the 

recall performance suffers if the individual attempts to use a strategy (Duffie et al., 1975; 

Kovar & VanPelt, 1991; Stelmach, 1970; Stelmach & Bassin, 1971). Kovar and VanPelt 

(1991), for example, reported that 10-year-old children showed no improvement in 

basketball free-throw performance when a first-letter mnemonic strategy was advised 

(i.e., verbal labeling, Bellezza, 1981) as compared to a non-strategy condition (control 

group). In this study, children were randomly assigned to one of two strategy groups (i.e., 

mnemonic and word-cue) and a control group. The children in mnemonic group received 

instruction on how to use the acronym BEEF to help recall the basic techniques during 

basketball free-throw practice (B = balance, E = elbow alignment, E = eyes on target, and 

F = follow through). The word-cue group children were asked to remember and think 

about the key technique points as they practiced using cue words (stance, focus, elbows, 
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and follow through). The children in the control group received the information in 

paragraph form and no instruction on how to use the information during practice. No 

significant differences were found among the groups in number of baskets made. While it 

is evident that various kinds of mnemonics are effective for recall in the cognitive 

domain, when using first-letter mnemonics in the motor domain, inconclusive results are 

reported. Some researchers, for example, have found that participants using first-letter 

mnemonic strategies showed better performance than  control participants (e.g., Bellezza 

et al., 1977; Pines & Blick, 1974) but others observed no improvement (e.g., Morris & 

Cook, 1978; Nelson & Archer, 1972).  

The fundamental differences leading to different findings between Thomas et al. 

(1983) and Kovar and VanPelt (1991) might be the strategies taught and the tasks 

performed in the experiments. For example, Thomas et al. asked children to perform and 

recall a continuous task while children in Kovar and VanPelt’s study were required to 

recall a discrete task. In addition, the strategy used in Kovar and VanPelt’s study in order 

to perform the free-throw task was a naming strategy, which is different from the 

counting strategy used in the Thomas et al. experiment. Taken together, these findings 

suggest that the effects of the use of a strategy vary as a function of differences of the 

task and strategies used to perform that task. 



  

 26

Task Type in Relation to Strategy Use 

Task differences are a major feature contributing to mixed findings in children’s 

recall of movement when they are taught strategies (Brown, 1975; Hill, 1982; Libby, 

Trotman, & Zimmer, 1987). Brown (1975) suggests that one of the central factors 

affecting children's learning is the differences in task characteristics. This is the end 

product or goal of the learner's activities. According to Brown, the task characteristics 

should play an important role in what and how well a child will learn. In this section of 

the review, we look at theory and research into individuals’ strategy use when performing 

discrete and continuous tasks. We then review the factors that have been shown to 

influence both developmental and task type (discrete and continuous tasks) differences in 

timing task performance.   
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A task can be harder or easier to remember because of the amount and kind of 

information to be learned and remembered (Flavell et al., 1993). Discrete and continuous 

tasks are often considered as representing two ends of a task type continuum (e.g., 

Schmidt, 1988, pp. 46-47). Discrete tasks, for example, are generally easier to remember 

than continuous tasks because discrete tasks require less information to be learned and 

remembered. A continuous task is more difficult to remember and learn because it is 

associated with a higher attention load during performance (Strommen, 1993). Strommen 

(1993) found that controlling a continuous movement is more difficult for children than 

controlling a discrete movement when they were requested to move in discrete steps 

(hopping) and move in a continuous motion (walking). Strommen suggested that a 

discrete movement reduces the memory space required and thus simplifies the task 

children have to master. Further, continuous tasks require estimations to be made in the 

process of remembering, thus increasing the likelihood of interference occurring between 

presentation of the criterion movement and recall (Gallagher & Thomas, 1984). 

According to Schmidt’s (1975) schema theory and Adams’ (1971) closed loop theory, 

movement traces in the early phase of learning are subject to rapid decay. Therefore, as 

individuals rehearse an estimation of the movement (probably an incorrect estimation), 

interference occurs between the target movement and the recall performance. 

In order for a task to be performed, Keele (1968) proposed that the parameters of 

the motor program must be specified. The motor program is a construct that serves in 

identifying and preparing a motor skill for execution. Timing is one of the important 

parameters that controls motor skill execution. Wing and Kirstofferson (1973) suggested 
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that the timing parameter of the motor program must be specified as part of the response 

preparation of information processing. In addition, information processing speed depends 

on the strategies an individual uses when performing a motor skill. Beginning musicians, 

for example, identify one note to be played and then perform that note, next they identify 

the subsequent note and then perform the next note. As musical skills improve, musicians 

string together notes and then execute the phrases of notes using a grouping strategy. 

Hence, the musician seems to progress from a mode of purely sequential processing with 

no strategy used to a mode of a parallel processing with a strategy applied (Pew, 1974). 

Such information processing has been seen in writing (Portier, Van Galen, & 

Meulenbrook, 1990), musical performance (Shaffer, 1976), and finger tapping 

(Rosenbaum, Hindorff, & Munroe, 1987; Semjen, 1992; Verway, 1994).  

Discrete finger tapping tasks have been commonly used to investigate the effects 

of strategy use on information processing. If an individual is required to tap at a specified 

rate and then switch to a different rate of tapping, there are several strategies for 

specifying the timing of the later portion of the task. One possible strategy is that, 

because the individual has information about the second tapping rate before the task 

begins, he or she can use this information to prepare for the second rate before any 

tapping takes place. A second possible strategy is that the individual holds the temporal 

information in memory and prepares the timing of the later portion of the task during 

tapping at the first rate. A third strategy could be that the individual holds the temporal 

information in memory and prepares the timing of the later portion of the task once 

tapping at the first rate is completed. 
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Inhoff, Rosenbaum, Gordon, and Campbell (1984), and Sternberg, Monsell, 

Knoll, and Wright (1978) found support for the adoption of the first strategy - preparing 

for the second tapping rate before that task begins. During finger tapping tasks, sequences 

were completely prepared before execution of the sequences began. The results indicate 

that reaction time increases as a function of the amount of response preparation increases 

(i.e., number of key presses to be prepared). 

Adoption of the second strategy, holding temporal information in memory and 

preparing the timing of the later portion of the task during tapping at the first rate, 

requires parallel processing. Semjen (1992) and Verway (1994) reported that individuals 

prepared for a later key tapping or a series of key tapping during execution of the first 

portion of the sequence. Parallel processing during execution was evidenced by increased 

inter-response intervals in anticipation of later key tapping. 

Adoption of the third strategy, holding the temporal information in memory and 

preparing the timing of the later portion of the task once tapping of the first rate is 

completed, has also been demonstrated during finger tapping tasks (Semjen, 1992; 

Verway, 1994). In a finger tapping task individuals were given information concerning 

the choice of a key to press in the sequence. Results indicated that individuals did not 

take advantage of the advance information, but instead waited until just prior to the 

choice key press to prepare for the remaining key presses in the sequence. A lengthening 

in the inter-response interval immediately before the choice key tapping suggested that 

selection of the key press occurred only shortly before the execution.   
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Further, studies on the development of rhythmic movement using a discrete finger 

tapping paradigm showed age-related increases in temporal accuracy and enhanced 

ability to produce complex rhythmic patterns in children ages 5 to 11 years (Rosenbusch 

& Gardner, 1968; Harbst et al., 2000). Rosenbusch and Gardner (1968) reported that 

children as young as 5 years old were accurate in reproducing a single short time interval, 

suggesting that time perception is developed at an early age. Williams, Woollacott, and 

Ivry (1992) examined timing in clumsy and normal children in two age groups, 6-7 and 

9-10 years old. The findings indicated clumsy children had lower temporal accuracy than 

normal children. In addition, Williams et al. found that 9-10-year olds had greater timing 

accuracy when compared to 6-7-year olds. Similarly, Harbst et al. (2000) found that 

younger children (6-year-olds) showed higher timing variability than older children (8-, 

10-, 12-year-olds) when performing a finger tapping task. These findings indicated that 

development of timing in finger tapping tasks improves with age. 

In addition to finger tapping tasks, the paradigm of anticipation timing has often 

been used to examine the development of the temporal component of movement 

performance. Studies of the development of discrete anticipation timing have shown that 

timing accuracy improves with age, particularly between the ages of 5 and 11 years (Bard 

et al., 1990; Lemon & Sherbon, 1934; Williams, 1985). Some studies have found an age 

and velocity interaction in timing accuracy. For example, Williams (1985) compared 

children and adults in a coincidence timing task with six different velocities and found a 

trend for younger children to respond too early for the slowest velocity and too late for 

the fastest. Shea, Krampitz, Northam, and Ashby (1982) undertook a similar experiment 
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and demonstrated that adults were able to adjust their movements to velocity changes 

very rapidly, whereas children adapted their movements more slowly. Thus, studies of 

finger tapping and anticipation timing have shown clear developmental changes in these 

discrete timing tasks.  

It has been shown that continuous timing task performance in children increases 

as they grow older as well. For example, the range of cadences at which younger children 

can successfully perform in pedaling is smaller than that of older children (Chao, Rabago, 

Korff, & Jensen, 2002; Liu, Korff, Chao, & Jensen, 2003). Liu et al., (2003) 

demonstrated that while pedaling, children between 5 and 7 years of age were less likely 

to be successful when compared to 8 to 11 year olds if movement speed is scaled up to 

120 rpm. The results suggest that age-related performance differences exist in pedaling.  

Previous investigations of the effect of timing have typically used discrete tasks 

and very few studies have used continuous tasks. Perhaps discrete timing tasks (e.g., 

tapping, anticipation timing) have been so well studied because of a belief that timing 

processes can be shared by a variety of motor tasks. In other words, timing can be viewed 

as an elementary process. Thus, when researchers are studying processes in timing, they 

are, in fact, examining timing in general (Rosenbaum & Collyer, 1998; Wing & 

Kristofferson., 1973). Zelaznik and colleagues have challenged the ubiquity of general-

purpose timing. Robertson et al. (1999) demonstrated that the timing processes in a 

discrete timing task (i.e., tapping) capture a timing process that differs from those in a 

continuous timing task (i.e., continuous circle drawing). Spencer et al. (2003) provided 

neurological evidence in support of Robertson et al.’s notion. Spencer et al. found that 
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patients with unilateral cerebellar lesions were impaired in a tapping task when they 

performed with their impaired hand, but the unimpaired hand, which was controlled by 

the unaffected cerebellar hemisphere, timed normally. When cerebellar lesion 

participants performed the continuous circle-drawing task, however, each hand 

performed equally well and timing was unimpaired. Given the substantial evidence that 

the cerebellum acts as a timer (e.g., Ivry et al., 2002), the dissociation discovered by 

Spencer et al. provided strong evidence that separate timing systems govern discrete and 

continuous timing tasks. 

Further, effects of strategy use in performance have also typically used discrete 

tasks in the cognitive and motor development literature. The task used in the present 

dissertation was a continuous timing task. This author is aware of only three other 

strategy studies in which continuous tasks were used, and their findings were inconsistent 

(Gallagher & Thomas, 1984; Stelmach & Bassin, 1971; Thomas et al., 1983). Previous 

investigations also indicated that discrete and continuous tasks differ in information 

processing (Heindel et al., 1988; Schacter et al., 1990; Schacter et al., 1991; Verdolini-

Marston & Balota, 1994), and timing processing (Robertson et al., 1999; Spencer et al., 

2003). Verdolini-Marston and Balota (1994), for example, investigated processing 

activities while exploring the role of explicit and implicit knowledge in learning a 

continuous motor task (i.e., pursuit rotor). In that study, elaborative encoding of the 

objects benefited explicit memory (recognition) performance but resulted in impaired 

implicit memory performance (priming on a task requiring possible – impossible object 

decisions) which is contradictory to the results of studies using discrete tasks. Schacter et 
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al. (1990) concluded that implicit memory performance was impaired with the imposition 

of an encoding (elaborative) strategy because the strategy interfered with perceptual 

processing. The strategy that benefits explicit memory performance actually disrupts 

implicit memory performance. Therefore, continuous processing activities serve only as a 

distracter for the ongoing perceptual information.  

In addition, Spencer et al. (2003) and Zelaznik et al. (2002) have proposed that 

discrete tasks such as tapping require a temporal representation, with a strong cerebellar 

involvement. However, for continuous circle-drawing tasks it is believed that timing is 

not controlled directly. Rather, timing is a by-product of the control of the dynamical 

aspects of the circle-drawing task. Hence, previous research on discrete timing tasks 

predicts minimal effects of strategy use in continuous timing tasks.  

Among the previously discussed studies in strategy use in timing tasks, the age-

related differences in timing performance are reported. However, information on 

developmental trends in strategy use for continuous timing tasks is not available. It has 

been proposed that timing is an ability that is used in a variety of movement tasks, and is 

an important factor for successful performance of those tasks. Many questions remain 

unanswered, such as do the recall performance and the type of recall strategy for a 

continuous timing task change developmentally? Is superior performance associated with 

strategy use? Can children benefit from learning to apply a specific strategy? Therefore, 

there is a need to investigate the effect of strategy use in a continuous timing task to 

extend our knowledge on how strategies affect timing task performance in children.  



  

 34

 Our knowledge about strategy use in discrete timing task performance and 

learning does not translate to continuous timing task development and learning, and there 

are inconsistent findings among continuous task investigations. By specifically testing a 

continuous timing task, we will extend our knowledge beyond the existing literature on 

the effects of strategy use in movement performance and recall.  

 Overall, memory development and learning is largely based on the acquisition and 

usage of strategies. It is not an all-or-none process and initially involves limited and often 

inconsistent strategy use followed by more consistent and broader use of appropriate 

learning strategies. Teaching children to use strategies must therefore take into account 

several aspects of memory development.  
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Relevant Methodological Issues in Motor Skill Learning in Children 

When researchers conduct studies in motor skill learning, they generally ask the 

learner to practice one or more tasks in an acquisition phase, and some independent 

variables are manipulated. The independent variable of interest can be of various types, 

such as the schedule of practice, the type of feedback, or the nature of the task. The 

standard approach to evaluate whether true learning has taken place is to use retention or 

transfer tests. Differences between groups during the acquisition phase could reflect 

differences in learning or performance (or both). It is critical, therefore, to add a retention 

phase, conducted after an interpolated interval to ensure that any temporary effects of the 

independent variable have dissipated. This section of the review focuses on the influences 

of practice schedule and feedback type in relation to experimental tasks on motor skill 

learning in children. This purpose of this review is to provide justifications for the 

methods used in the study and to expose support that children’s motor learning patterns 

are not always like those of adults, and are not always the same for discrete and 

continuous tasks.  
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Practice Schedule in a Timing Task 

Many variations in practice scheduling are possible. Schmidt (1975) proposed that 

variable practice is more effective for motor skill learning than constant practice. In 

addition, Shea and Morgan (1979) contrasted random and blocked schedules of practice 

and found random practice was less effective during the acquisition phase, but was better 

than blocked conditions on the retention test. This section is focused on literature that 

studied practice schedules in children’s timing task performance, and to provide evidence 

that findings in children’s practice schedule studies are not always the same as those of 

adults. 

Wrisberg and Mead (1981, 1983) conducted two studies that employed a 

coincident timing task, in which children had to tap a barrier at the end of the runway at 

the moment that the last light of the runway illuminated. Wrisberg and Mead (1981) 

reported that the constant practice group showed a significantly smaller mean error score 

than the control group. The variable practice group was not significantly different from 

constant practice group or control group. Further, Wrisberg and Mead (1983) used one 

control group, two constant and two variable practice groups in the study. The authors 

found that variable practice was not better than constant practice. These findings do not 

support Schmidt’s variability of practice hypothesis, instead they contradict it. 

In Eidson’s (1991) study, a group of moderately mentally handicapped 

adolescents (mean mental age 6.4 years, mean chronological age 19.0 years) and a group 

of non-handicapped elementary school children (mean age 10.9 years) participated in the 

study. The experimental task was to match a specific movement time over a set distance. 
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Two transfer tests and a retention task were administrated after the acquisition. The 

results indicated that the variable practice group had a lower mean score than the constant 

practice group. Taking the findings of these studies together, only limited support was 

obtained for the beneficial effect of variability of practice, as one study can be interpreted 

as being supportive of the variability prediction, and parts of two studies yields 

contradictory evidence. 

Random Versus Blocked Variability of Practice in Discrete and Continuous Tasks 

In most studies on the variability of practice hypothesis, the variable practice 

condition has been evaluated against a constant practice condition. In some other studies, 

the design was altered involving different degrees of variability (e.g. random variation 

versus blocked variation). These studies are considered in this section. The discussion of 

the results is grouped in accordance with the experimental task. Five experiments which 

employed a discrete task are addressed first. Next, one experiment is presented which 

used a continuous task.  

Few studies have examined the effect of random versus blocked variable practice 

with children. A review of the limited developmental literature reveals mixed results in 

the effect of manipulating random versus blocked practice for promoting skill acquisition 

in children (Del Rey, Whitehurst, & Wood, 1983; Jarus & Goverover, 1999; Pigott & 

Shapiro, 1984; Pollock & Lee, 1997). Pigott and Shapiro (1984) studied normal 6-8-year-

old boys and girls learning to throw beanbags of different weights at a target, and 

reported that the blocked practice schedule led to superior performance at transfer than 

the random practice schedule. Jarus and Goverover (1999) found that practice schedule 



  

 38

(i.e., either random or blocked) had no influence for 5- or 10-year-old children learning to 

throw bean bags at three different targets, but the blocked practice schedule produced 

better performance in acquisition and retention than random practice for 7-year-olds. 

Connell (1984) used a throwing for accuracy task to investigate the effect of random 

versus blocked practice schedules. Children of two age levels participated. The groups by 

age interaction indicated that the 11-year-old children performed better after blocked 

practice, while the 7-year-old children did so after random practice. These findings are 

suggestive of the importance of proficiency level in relationship to the effects of the 

variability of practice.  

Edwards, Elliot, and Lee (1986), on the other hand, had mentally retarded youth 

and typically developed children learning an anticipation timing task where different 

stimulus speeds were practiced. Edward et al. found a benefit in the random practice 

schedule over a blocked practice schedule for typically developed children. In contrast, 

Del Rey et al. (1983) studied 6-10-year-old boys and girls in an anticipation timing task 

where different stimulus speeds were practiced, and reported that blocked practice 

actually led to better transfer than random practice.  

Heitman and Gilley (1989) examined the effect of variability in practice on a 

continuous pursuit rotor task. Mentally retarded children (15-18-year olds) were required 

to practice three different speeds during acquisition. One new speed was administered at 

transfer. The findings indicated that no significant results were found involving the group 

factor. Thus, the practice schedule (random or blocked) administered made no difference 

to the participants’ learning. 
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In summary, six experiments were carried out on the effectiveness of the type of 

practice schedule on children’s skill acquisition. On a discrete task, differences between 

random and variable practice were age-related. Alternatively, when a continuous task was 

used, no differences were found for children between the random and blocked practice 

schedules. The finding that children of different age levels benefited differently from 

random and blocked practice variation is again suggesting that there is no simple answer 

to the question whether random or blocked variable practice is most effective.  

Feedback in Motor Skill Learning 

 Feedback information describing a performer’s success at a given task is a 

critically important factor in motor performance and learning (e.g., Adams, 1987). In 

many of these investigations, knowledge of results (KR), defined as augmented, verbal 

post-response information about some aspect of goal attainment, was manipulated 

(Adam, 1971; Newell, 1977). Historically such investigations were thought to have 

demonstrated that varying the precision of KR, and the frequency of KR was influential 

to the performance and learning of motor skill (e.g., Bilodeau, 1966).  

Mendes and Godinho (1994) examined the effect of KR precision on the 

performance and learning of a linear positioning task in young children and in adults. 

Quantitative and qualitative KR statements were manipulated across groups in the 

acquisition phase. Retention tests without KR presentation were performed 10 min and 

24 hr after the acquisition phase. The adults groups showed better results when compared 

with the children. The manipulation of KR precision in each age level produced no 

significant differences in acquisition, retention and transfer. Results suggested that an 
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increase of KR precision did not have positive effects on the learning process for either 

children or adults. Similarly, Shapiro (1977) assessed the role of KR precision in 4-yr-old 

children when performing a linear positioning task. Children were divided into three 

groups, each varying on KR precision. No significant differences were found among the 

three groups. However, the most precise KR condition tended to show fewer errors than 

the least precise KR condition.  

In the Croce, Davis, Barber, and Vroman (1998) study, coincident timing by 

children 8-10 years old was measured under conditions of KR on every trial, random KR, 

and fading KR. Following acquisition trials, groups performed retention trials one week 

later with no KR. No statistically significant differences were found in learning across 

KR groups. These data contradict traditional views of KR effects in adults. The common 

finding has been that increasing KR precision enhances individuals’ performance in the 

retention phase (Salmoni, Schmidt, Walter, 1984). Further, high KR frequencies (e.g., 

every trial KR) during acquisition trials produce better performance than do lower KR 

frequencies (e.g., faded KR). That trend however, is reversed for the retention test 

(Winstein & Schmidt, 1990).  

Barclay and Newell (1980) used two experiments with self-paced KR to access 

children’s use of response outcome information in learning motor skills. In Experiment 1, 

8-, 10-, and 14-year-old children and adults learned a rapid linear timing movement 

through a specified distance. Typical developmental trends were found: The adults and 

14 year olds were more accurate than the younger subjects. The 14 year olds required 

significantly less KR processing time than 8– and 10-year-old children. In Experiment 2, 
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a more difficult task was used. The 11- and 14-year-old children and adults were required 

to determine both the criterion response time and distance for the task. The results were 

similar to those obtained in Experiment 1, but the adults required less time to process KR 

than either of the groups of children. The results confirmed children’s differential use of 

KR, and suggested that any description of motor skill acquisition must account for the 

complex interaction between children’s developmental level and the difficulty of the task 

at hand.  

Liu and Jensen (2004) examined a group of children between 4-7 years of age in a 

continuous pedaling task performance. Children were provided with visual, auditory, or 

auditory + visual feedback. Participants in the visual condition reviewed a computer 

monitor that displayed current and target speeds, while those in the auditory condition 

heard different tones to indicate current and target speeds. Children in the auditory + 

visual condition received a combination of both sensory stimuli. Liu and Jensen 

concluded that the most effective sensory modality for children in learning a pedaling 

task is auditory. 

In conclusion, in considering the effects of the practice variables on performance 

and learning when KR is present, increasing KR precision and KR frequency appear to 

have no positive effects on the learning process in children. In addition, self-paced KR 

literature suggests that motor skill learning must take into consideration for the 

interaction between children’s developmental level and the task performed. Finally, 

auditory stimuli appear to be effective for young children in learning a continuous timing 

task. 



  

 42

Concluding Comments 

Much of this review has been based upon research from cognitive and motor 

learning literature. The review covered the basic progression of skill acquisition 

according to cognitive and motor learning theories and hypotheses. The major purpose of 

this review has been to demonstrate differences in the ways children learn in the 

cognitive and motor domains. While we don’t know everything about learning, we do 

know and understand many of the differences such as strategy use and effects of practice 

scheduling and feedback frequency between younger and older learners. We also know 

that evaluation and strategy use for continuous motor tasks are not the same for discrete 

cognitive and motor tasks. Thus, the use of strategies which have been found to apply in 

cognitive tasks might be only partially used in continuous motor skill performance.  

In closing, three major points have emerged from this review. The first relates to 

age-related differences in strategy use during cognitive and motor skill performance and 

learning.  It is clear that the use of strategies for handling information becomes more 

effective as children mature (Chi, 1976; Ornstein & Naus, 1978). Considerable evidence 

indicates that efficiency in using strategies increases with age such as the use of general 

strategies (rehearsal, labeling, and grouping/chunking), development of task specific 

strategies, and appropriate application of strategies.  

A second point is that strategy use and learning variables have different effects on 

discrete and continuous tasks. Continuous tasks are typically defined as relatively long in 

duration, under feedback control, and as having no real distinct beginning point and an 

arbitrarily defined end point. Discrete tasks, on the other hand, are relatively brief in 
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duration, may be under the control of a motor program and have quite distinct beginning 

and end points. In addition, continuous motor performance involves a series of decisions, 

actions, and evaluations throughout a trial. For discrete tasks however, the decisions are 

usually made prior to a trial and evaluated after a trial (Stelmach, 1975). Considered in 

this regard, it is not surprising that the effects of strategy use and practice variables on 

discrete tasks are not the same as on continuous tasks.  

 Finally, we know previous research on discrete timing tasks predicts minimal 

effects of strategy use in continuous timing tasks. In addition, timing is critical to the 

understanding of human motor skill performance because it is a fundamental aspect of 

everyday tasks and in sports. Picking up a cup and bringing it to one’s lip, opening a door 

for a friend, tapping one’s foot in time with music all reveal how we temporally organize 

our behavior. Many sport activities are also characterized by a timing component in 

which an individual is required to intercept or strike a moving object. Further, children’s 

timing is positively related to children’s overall school achievement. Therefore, the 

proposal to use a continuous timing task to fill the gap in our knowledge about how 

strategy use affects continuous timing task performance and learning in children is 

appropriate and strongly warranted.  

In summary, it is known that no differences were found for children between the 

random and blocked practice when a continuous task was performed. The effects of KR 

precision and KR frequency had no positive effects on the learning process in children, 

and auditory stimuli were effective for children in learning a continuous timing task. 
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Therefore, random-blocked practice with auditory KR on every practice trial was used in 

this dissertation. 
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Chapter 3: Experiment 1 

Introduction 

  Younger and older children differ in recall performance in both cognitive and 

motor tasks because of the way they use strategies (Naus et al., 1977; Flavell et al., 1993; 

Gallagher & Thomas, 1984; Thomas et al., 1983; Worden, 1975). Many age-related 

improvements in memory reflect acquisition of new strategies and refinement of existing 

ones. When younger children first acquire a strategy, they use it only in some of the 

situations where it is applicable, particularly in situations that are relatively 

undemanding. During this early acquisition period, younger children are inflexible in 

applying strategies and often fail to use strategies as the task demand changes. However, 

older children are able to apply strategies to evolving tasks. That is, they tailor the 

strategies to the particulars of the situation (Kuhn, Garcia-Mila, Zohar, & Andersen, 

1995).  

A major source of age-related differences in strategy use can be attributed to a 

failure of younger children to use appropriate memory processes or to generalize learning 

strategies. A traditionally held view of learning and development has been that younger 

children know and can remember little, but with age and experience they become 

increasingly competent (Chi, 1976; 1977; Justice, 1989; Ornstein et al., 1975; Thomas, 

1980). Best and Ornstein (1986), for example, presented 5- to 10-year-olds with a long 

list of pictures to remember. Given a 20-item list, the older children remembered more 

pictures than the younger children. The factor responsible for better recall was not age 

per se, but whether the child noticed that the list consists of four categories (animals, 
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plants, transportation tools, and clothing). If the categories were noticed, younger 

children often recalled the entire list. In the absence of category recognition, performance 

was poorer and showed an age effect. These results lead us to believe that younger 

children spontaneously employ strategies less often than older children.  

 A vast literature documents age-related differences in strategy use specifically in 

the cognitive domain (e.g., Garner, 1990; Naus et al., 1977; Flavell et al., 1993; Paris, 

1988; Worden, 1975). Compared to the cognitive domain, information on strategy use in 

the motor domain is limited (Bouffard & Dunn, 1993; Gallagher & Thomas, 1984). 

Moreover, to the knowledge of the author, no information on how children use strategies 

in remembering timing tasks has been reported. One important factor when performing a 

movement skill is timing. Further, previous research on discrete timing tasks predicts 

minimal effects of strategy use in continuous timing tasks because the timing processes in 

discrete timing tasks differ from those of continuous timing tasks (Robertson et al., 1999; 

Spencer et al., 2003). Thus, there is a need to investigate the effectiveness of strategy use 

in continuous timing tasks. It is known that younger children differ from older children in 

the effects of strategy use. The differences are reflected by poorer performance for 

younger children. The source of these deficits is less effective application of strategies 

and lack of spontaneous strategy use. Therefore, the goal of this study is to determine 

age-related differences in strategy use during performance, in this case, the continuous 

task of pedaling. 

The first hypothesis tested was that a greater proportion of older children would 

use a strategy to recall a practiced task compared to younger children. This expectation is 
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consistent with the findings of Thomas et al. (1983) that considerably fewer younger 

children use strategies compared to older children when performing a non-timing task. 

Knowing that younger children often do not spontaneously use strategies in skill 

performance (e.g., Thomas, 1980), it was predicted that younger children would be less 

likely to use strategies in a continuous timing task performance compared to older 

children.    

The second hypothesis tested was that the older children would perform 

significantly better on the task (lower root mean square errors and variable errors) when 

compared to the younger children. The rationale for this hypothesis is that children’s 

pedaling performance increases as they grow older (Chao et al., 2002; Liu et al., 2003). 

Liu et al. (2003) demonstrated that while pedaling, children between 5 and 7 years of age 

are less likely to be successful if movement speed is scaled up to higher cadences when 

compared to 8 to 10 year olds.  

The third hypothesis tested was that superior performance would be associated 

with strategy use. This expectation is derived from the findings of Winther and Thomas 

(1981) that younger children did nothing specific to remember the end locations of the 

movement, while older children used a visual image to recall the movement patterns. 

Moreover, the older children performed better than the younger children. The results led 

the author to hypothesize that lack of strategy use may result in poor motor skill 

performance. 
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Methods 

Participants 

 A total of 19 younger children, ages 5-7 years, and 19 older children, ages 8-10 

years, volunteered in Experiment 1 (see Table 3.1). Eighteen younger children and 18 

older children were included in the final analysis. Participation elimination occurred 

either because of extensive cycling experience or because of high performance error 

scores (i.e., outlier - a child’s score that was three standard deviations or more from the 

group mean). 

  Children’s age group selection was based on two interpretative reasons from the 

literature. First, there is considerable evidence suggesting that effortful processing, such 

as the use of strategies, does not occur spontaneously in children 5-7 years of age (Naus 

et al., 1977; Flavell et al., 1993; Gallagher & Thomas, 1984; Worden, 1975). In contrast, 

children 8-10 years of age are capable of engaging in deliberate strategy use. Second, 

when children 5 - 7 years of age do use strategies, they are less effective in performance 

compared to children 8-10 years of age (Liberty & Ornstein, 1973; Thomas et al., 1983; 

Wildernberg & Molen, 2004). 

  The children were recruited through advertisements and personal contacts from 

local communities. Both informed consent from parents and assent from the children 

were obtained (Appendix B, C). The study was approved by the Institutional Review 

Board at The University of Texas at Austin. 

  Gibson (1969) proposed the idea that acquiring familiarity with the studied task 

and related materials will increase the likelihood of an individual exhibiting strategic 
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behavior. That is, individuals can improve their performance with repeated exposure to a 

task, even without strategic instruction. Therefore, bicycle riding experience was assessed 

using a questionnaire (Appendix D) and selection criterion included minimal cycling 

experience. The questionnaire and experience criterion were based on a previously 

conducted study (Brown & Jensen, 2003). An estimate of the total number of hours that 

each participant had ridden a bicycle during the past 5 years was obtained (see Table 3.1). 

All participants were non-competitive, recreational bike riders who had not received 

explicit training. According to Jensen and Korff (2004), children with cycling experience 

more than 300 hr are defined as experienced cyclists. Thus, one older child was excluded 

from the study. Participants included in the final analysis had low cycling experience 

(i.e., less than 100 hr) in the past 5 years. A t-test for the number of bicycle riding hours 

was performed for the age groups. No significant group difference was found, t (17) = 

.79, p>.05. It was concluded that in these participants cycling experience did not 

confound the present analysis. This conclusion indicated comparable levels of bicycling 

riding experience between age groups. In addition, one outlier was excluded from the 

present study.  
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Table 3.1.  Demographic information of the Participants (Means ± standard  
  deviations are presented for age and bicycle riding experience). 
 

 
Age (years) 

 
 

Participants 

 
 
n 

Range Mean ± SD 

 
Bicycle Riding 

Experience (hours) 

Younger Children (YC) 18 5-7 5.8 ± 0.7 57.2 ± 63.0 

Older Children (OC) 18 8-10 8.6 ± 0.6 95.0 ± 88.1 
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Experimental Design 

 The experimental design includes one between-subjects factor, age (younger 

children, older children) and one within-subjects factor, cadence (60-, 80-, 100-

revolutions per minute (rpm)). The three cadences chosen were based on previous studies 

that indicated a cadence window (60 – 100 rpm) exists in which children, even the 

youngest and least experienced, can easily meet the performance goals (Chao et al., 2002; 

Liu et al., 2003). Furthermore, testing across different tasks helps to demonstrate the 

generality of strategy use (Waters & Andreassen, 1983). By changing cadence, strategy 

use differences can be examined in adjusting to changes in timing of movement 

production. Three cadences were used in this study to demonstrate the robustness of the 

finding across a range of task conditions.  

The dependent variables were: (1) the accuracy of recall performance, as 

measured by root mean square error (RMSE, Equation 3.1) between the target cadence 

and the participant produced cadence, and (2) the consistency of recall performance, as 

measured by variable error (VE, Equation 3.2) between the participant produced cadence 

and the participant’s average.  

 

RMSE = SQRT (∑(Xi - T)2/n)       (3.1)  
 
Where Xi is the performed cadence on revolution i in the trial, i is the index of revolutions 

in the trial, T is the target cadence, and n is the number of revolutions in the trial 

performed by the participant.  
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 VE = SQRT (∑(Xi - M)2/n)        (3.2) 

Where Xi is the performed cadence on revolution i in the trial, i is the index of revolutions 

in the trial, M is the average cadence for n revolutions in the trial, and n is the number of 

revolutions in the trial performed by the participant.  

These measures were used to analyze each participant’s performance accuracy 

and variability (Henry, 1975). It is important to include dependent variables that have 

both accuracy and variability information in motor skill learning (Schutz, 1977). RMSE 

represents performance accuracy with respect to the target. RMSE provides information 

about how successful the individual was in achieving the performance goal. VE measures 

the variability of the individual about the mean performance. VE has a characteristic that 

makes it useful as an index of remembering. VE is reduced with practice, which 

represents the strengthening of the memory trace (Laabs, 1980).  

Instrumentation 
 

All tasks were performed on a stationary ergometer (Monark, Model 829E) 

(Figure 3.1). In this dissertation, pedaling is a continuous timing task. It is an ideal timing 

task for studying cognitive development and understanding motor skill acquisition in 

children because it is a controllable task. An advantage of pedaling over other tasks such 

as tapping or playing a piano is that identical kinematics across all trials can be created 

among children with different developmental characteristics. Moreover, the task demands 

of pedaling can be controlled, thus, performance comparisons can be made between age 

groups. It is important to have each child perform the same task so that the confounding 
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performance factor (i.e., children performed differently because they did not move in the 

same manner) can be eliminated.  

In order to achieve a standardized riding position for each participant, crank 

length was adjusted to 20% of participant’s leg length. The toe cages were adjusted so 

that the first metatarsal-phalangeal joint rested over the pedal spindle. The handle bars 

were adjusted so that the trunk was 60° from the anterior horizontal, and the seat height 

was adjusted so that each participant’s posterior knee angle was approximately 70° at the 

top dead center (TDC) and 155° at bottom dead center (BDC). To ensure the task was the 

same work load for each individual, participant-specific pedaling peak power was 

predicted by lean thigh volume for each participant using a method established by Martin, 

Farrar, Wagner, and Spirduso (2000). Participants pedaled at 10% of their predicted peak 

power (Appendix F) because it represented a comfortable pedaling resistance which 

would avoid inducing fatigue for children (Jensen & Korff, 2004).  
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Figure 3.1.  The stationary ergometer with adjustable handle bars, seat height, crank 
length and toe cages. 
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Data were collected using a 5-camera Vicon 250 data acquisition system. To 

determine pedaling cadence, the trajectory of a reflective marker on the right pedal 

spindle (distal end of the crank) was recorded at 60 Hz. The pedaling cadence (rpm) was 

determined by the following equation (Equation 3.3).  

 

Where n is the number of samples in one revolution.  

The target cadence range was set at 60 ± 4 rpm, 80 ± 4 rpm, and 100 ± 4 rpm. 

Previous work has established that these target cadence ranges are sufficient to 

discriminate performance levels among children (Chao et al., 2002). 

Test Administration 

 The experiment was designed to determine age-related differences in children’s 

strategy use when the children were asked to remember the cadence at which they had 

pedaled previously.  Participants were asked to recall and perform select pedaling 

cadences (60, 80 and 100 rpm) after they were allowed three practice trials at the selected 

cadences. During the practice trials, the principal investigator cued the child with verbal 

confirmations such as “you are on 60 speed right now, try to keep the same speed as you 

pedal” when he or she was pedaling at the target speed (Appendix G). The number of 

practice trials was based on pilot findings that children reported three practice trials to be 

sufficient practice for them to remember the target cadence pedaled. Researchers have 

indicated that children’s verbal reports of strategy use are indeed accurate even for 5-year 

olds (Goldman, Pellegrino, & Mertz, 1988; Seigler, 1988). Children practiced the 

(3.3) 
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cadences in a random order. A random order for the cadences was used so that the effects 

of practice would not impact the performance among tasks. Each trial lasted 15 s, as 

recommended by Jensen and Korff (2004), who found that 15 s of stationary bike 

pedaling did not cause fatigue or a reduction of attention in 5-year old children.  

 After practice of the target cadence, each child was asked to reproduce three trials 

for that cadence. Three trials of recall test provided a representation of the children’s 

performance consistency. In the recall test, the children verbally informed the principal 

investigator to start data collection when they believed they were at the target cadence. 

Strategy was assessed by questioning the participants immediately following the recall 

performance. At that time, the participants were asked to describe how they remembered 

the target cadence and their responses were recorded for later analysis and confirmation 

of response.  

Data Analysis 

 A chi-square test of independence was used to test whether or not age and strategy 

are independent of each other. The analysis for the effect of strategy was a 2 (age) x 2 

(strategy) x 3 (cadence) repeated measures ANOVAs on RMSE and VE. An inter-rater 

reliability test was performed between coding scores of the principal investigator and an 

assistant. The principal investigator introduced the coding criteria and protocol to the 

assistant and then asked the assistant to code the strategies by reviewing children’s 

recorded responses. The strategy was coded as “No Strategy (NS)” when a child’s verbal 

report was I guessed or I don’t know; and “Strategy (S)” when they reported, I counted or 

I looked at my legs and tried to keep them moving the same. Further, the children who 
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answered I just knew, I remembered, if upon probing (i.e., by asking how did you know 

and how did you remember), they gave the same answers were coded as NS. But if they 

changed to more articulate answers, such as my legs felt like it, I kept pedaling the same, 

the responses were coded as S (Appendix H). The assistant was considered trained once 

90% agreement with the coding scores of the principal investigator was achieved (Bauer, 

Wenner, Dropik, & Wewerka, 2000; Saigal, Rosenbaum, & Stoskopf, 2005). 

 All results were considered significant if an alpha level of .05 was achieved. 

Significant effects were followed with appropriate post hoc comparisons. For a 

significant main effect, Student-Newman-Keuls (S-N-K) post hoc test was conducted. In 

case of a significant interaction effect, a follow-up ANOVA and S-N-K post hoc test was 

performed for comparison of each level of the corresponding independent variable. In 

addition to statistically significant findings, effect sizes (ES) were determined (Cohen, 

1988; Thomas, Salazar, & Landers, 1991, Weiss, McCullagh, Smith, & Berlant, 1998). 

ES is the way to estimate the magnitude of the differences in pair-wise comparison using 

a standardized value to obtain the practical significance of findings. Effect sizes (ES) < 

.41 are considered small, .41 < ES < .70 are considered moderate, and ES > .70 are large 

(Cohen, 1988; Thomas et al, 1991).  
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Results 

Age-related Difference on Strategy Use – Hypothesis 1 

A chi-square test of independence was calculated comparing the frequency of 

strategy use for younger and older children. A significant interaction was found (chi-

square (1) = 11.25, p< .05), indicating strategy use was related to age. The majority of the 

younger children (15 out of 18 – 83%) used NS, e.g., don’t know, just remembered. 17% 

(3 out 18 ) of the younger children used S, e.g., I counted it, I looked at my legs, or  I 

moved them the same way over and over. In contrast, 72% (13 out 18) of the older 

children used S, and 28% (5 out 18) of the older children used NS (Figure 3.2). All 

answers on participants’ strategy use are listed in Table 3.2. The agreement between the 

two raters was high (92%).  
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Table 3.2.  List of answers from participants on strategy use. 

 
Answer 

Strategy 
Category 
(NS or S) 

Number of 
Children 
Reported 

I don't know NS 10 

I remembered NS 3 

I just did it NS 1 

I forgot NS 1 

I kept on riding NS 1 

I counted the number (1, 2, 3, … until 60, 80 or 
100) NS 1 

I guessed NS 1 

I just knew NS 2 

I started slow, got faster, felt the right speed  S 1 

I moved my legs the same way over and over S 3 

I kept on looking at my legs to remember how fast 
my legs were moving S 2 

I looked at how fast my foot was in practice, when 
I pedal, I just did the exact the same S 2 

I counted one, two, one, two when my leg goes 
down  S 3 

I kept pedaling the same S 1 

I looked down at my leg and kept the same speed S 
 2 

My knees felt like it S 1 

I listened to flying wheel click, click, click sound S 1 
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Figure 3.2. Age-related differences in strategy use in pedaling 
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Age-related Performance Difference – Hypothesis 2  

 The main effect for age on performance accuracy (RMSE) was significant, F (1, 

34) = 11.55, p< .01, and a significant age x cadence interaction was also found, Wilks’ 

Lambda = .83, F (2, 33) = 3.42, p< .05. Results indicated that the age-related differences 

in performance accuracy were dependent on pedaling cadence. Follow up ANOVAs 

revealed that the older children showed significantly superior performance at all cadences 

(60, 80 and 100 rpm) when compared to younger children, but significant difference was 

smallest at 80 rpm (Figure 3.3).  

 The age main effect on performance variability (VE) was significant, F (1, 34) = 

7.51, p< .05. The age x cadence interaction for performance variability was significant as 

well, Wilks’ Lambda = .86, F (2, 33) = 3.48, p< .05. The age-related differences in 

performance variability were dependent on pedaling cadence. Follow up ANOVAs 

showed that the older children were significantly less variable at 60 and 100 rpm, but not 

at 80 rpm when compared to younger children (Figure 3.4).  

 The effect sizes were calculated for each pair-wise comparison. Because the 

comparison was made between two groups (i.e., younger children and older children), the 

following equation (Equation 3.4) was used in the present study (Thomas et al., 1991): 

 

ES = (M1-M2)/SDpool                                                                             (3.4) 

where M1 = mean for group 1 (YC), M2 = mean for group 2 (OC), and SDpool = pooled 

standard deviation (Equation 3.5). 
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SDpool = SQRT (((N1-1)SD1
2+(N2-1)SD2

2)/( N1+ N2-2))   (3.5) 

where N1 = sample size for group1, N2 = sample size for group 2, SD1 = standard 

deviation for group 1, and SD2 = standard deviation for group 2.  

 

The effect sizes describing the performance accuracy differences (RMSE) 

between younger and older children were large for 60 and 100 rpm and moderate at 80 

rpm (Table 3.3), indicating a difference of one-half to one standard deviation between the 

means of the younger and the older children. The effect sizes comparing the younger and 

the older children in performance variability (VE) were large at 60 rpm and 100 rpm 

(Table 3.4), indicting a difference close to one standard deviation between the means of 

the younger and the older children. These effect size results suggest that the older 

children’s performance was more accurate and consistent than that of the younger 

children. 
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Figure3.3. Effect of age x cadence interaction on recall performance accuracy (RMSE). 
The age-effect was statistically significant (“*”) at all cadences.  Means and 
standard deviations are plotted for younger children (YC), and older children 
(OC).  
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Figure 3.4. Effect of age x cadence interaction on recall performance variability (VE). 
The symbol “*” indicates a significant age-effect at the corresponding 
cadence. Means and standard deviations are plotted for younger children 
(YC), and older children (OC).  
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Table 3.3.  Effect sizes indicating the age group difference in performance accuracy 
(RMSE) (YC: younger children; OC: older children). 

 
ES - Age group comparison (YC-OC) Cadence (rpm) related performance 

1.01 60 

0.69 80 

1.06 100 
 
 
Table 3.4.  Effect sizes indicating the age group difference in performance variability 

(VE) (YC: younger children; OC: older children). 
 

ES - Age group comparison (YC-OC) Cadence (rpm) related performance 

0.85 60 

0.20 80 

0.89 100 
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Effects of Strategy use on Performance – Hypothesis 3  

The strategy use main effect on RMSE was significant, F (1, 34) = 16.77, p< .001, 

and a significant strategy x cadence interaction was found, Wilks’ Lambda = .83, F (2, 

33) = 3.33, p< .05. Results indicated that performance accuracy differences in strategy 

use were dependent on pedaling cadence. Follow up ANOVAs revealed that the children 

who used a strategy were significantly more accurate on performance (lower RMSE) at 

all cadences (60, 80 and 100 rpm) compared to children who did not use strategy, but the 

significant difference was smallest at 80 rpm (Figure 3.5).  

Further, the strategy use main effect on VE was significant, F (1, 34) = 4.31, p< 

.05. The strategy x cadence interaction for performance variability was significant as 

well, Wilks’ Lambda = .86, F (2, 33) = 4.03, p< .05. Performance variability differences 

in strategy use were dependent on pedaling cadence. Follow up ANOVAs revealed that 

the children who used a strategy were significantly less variable (lower VE) at 60 and 

100 rpm, but not at 80 rpm when compared to the children who did not use strategy 

(Figure 3.6).  

The effect sizes describing the performance accuracy differences between NS and 

S were large at all cadences (Table 3.5), indicating there were differences of one to one 

and half standard deviations between the means of the NS and S. The effect sizes 

comparing the NS and S in performance variability were large at 60 rpm and 100 rpm 

(Table 3.6), indicting there were differences of three-fourth to one standard deviation 

between the means of the NS and S. The effect size findings showed that the children 
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who used strategies were more accurate and consistent than the children who did not use 

strategy.  
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Figure 3.5. Effect of strategy x cadence interaction on recall performance accuracy 
(RMSE). The strategy-effect was statistically significant (“*”) at all cadences.  
Means and standard deviations are plotted for children who used NS, and for 
children who used S.  
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Figure 3.6.  Effect of strategy x cadence on recall performance variability (VE). The 
symbol “*” indicates a significant strategy-effect at the corresponding 
cadence. Means and standard deviations are plotted for children who used 
NS, and for children who used S.  

 

0

2

4

6

8

60rpm 80rpm 100rpm

Cadences

VE
 (r

pm
)

NS
S

 *

*

* 

* 



  

 68

Table 3.5.  Effect sizes indicating the strategy use difference in performance accuracy  
(RMSE) (NS: no strategy; S: strategy). 

 
ES – Strategy use comparison (NS-S) Cadence (rpm) related performance 

1.53 60 

1.05 80 

1.24 100 
 

Table 3.6.  Effect sizes indicating the strategy use difference in performance 
variability (VE) (NS: no strategy; S: strategy). 

 
ES – Strategy use comparison (NS-S) Cadence (rpm) related performance 

0.74 60 

0.30 80 

1.00 100 
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Discussion 
 

Data from the present study showed that the younger children differed from the 

older children in strategy use and performance during pedaling. The differences, most 

notable in performance errors in cadence recall, can be attributed to younger children’s 

ineffective strategy use.   

The first hypothesis, age-related differences in strategy use in the motor domain, 

was posed to test the performances of a continuous timing task and place the findings in 

the context of the existing literature. Indeed, the predicted age-related differences in 

strategy use in recall performance were observed.  More of the older children used 

strategies in a continuous timing task performance than the younger children. This 

finding was consistent with previous observations of strategy use when performing recall 

tasks in the cognitive domain (Best & Ornstein, 1986; Chi, 1976; 1977; Ornstein et al., 

1975), and non-continuous timing tasks, such as location recall, in the motor domain 

(Thomas et al., 1983; Winther & Thomas, 1981). In fact, few 5-7-year-old children used 

a strategy in the recall test. This indicated that children at this young age appeared to 

have little understanding of the concept of timing.  

Hypotheses 2 and 3 were posed to determine age-related effects in performance 

and how children’s performance was related to strategy use. As hypothesized, the older 

children demonstrated lower RMSE and VE (i.e., better performance) when compared to 

the younger children. The results support previous research which has shown that 

younger children are less likely to successfully perform a pedaling task than that of older 

children (Chao et al., 2002; Liu et al., 2003).  The fact that the age-related differences on 
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variability were dependent on cadence, that is, younger children were more variable than 

the older children when pedaling at 60 and 100 rpm, but not at 80 rpm, was also 

supported by previous studies. Previous research suggests that children’s preferred speed 

is between 70-80 rpm in general (Chao et al., 2002; Liu et al., 2003). Although the age-

related performance difference was small at 80 rpm, one could argue that 80 rpm is the 

pedaling speed at which most children can perform successfully.  

The present study was designed to examine the effects of strategy use on 

children’s continuous timing task performance. The results provide new information in 

two aspects. First, the findings extend the knowledge of developmental differences in 

strategy use observed when performing the continuous timing tasks. Because pedaling 

was used to study strategy use in the present experiment, these differences can be 

attributed to developmental differences in the motor domain. Second, the results of the 

experiment indicate that the observed age-related motor skill performance differences 

may in part result from younger children’s ineffective strategy use. This finding 

contributes to a more comprehensive understanding of the interactions between cognitive 

and motor domains. 

  The results of the present investigation have important implications for 

educators, teachers, and coaches because the evidence obtained suggests that ineffective 

use of strategies produces poor performance by younger children. Therefore, if younger 

children do not spontaneously use effective strategies, the environment should be 

structured to promote the usage of the strategies if the skill is to be developed 

successfully. The evidence of effective strategies in pedaling speed recall was obtained 
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from questioning the children following the experiment. When the younger children were 

asked how they remembered the target cadence pedaled, most replies were non-strategic 

(83%). However, in response to the same question, 72% of the older children replied with 

a strategic response. In all likelihood, for children to perform and remember the 

continuous timing tasks, they may need to develop some type of strategy, and to use it 

spontaneously, or they must practice the strategy in the specific situation. Because 

superior performance is associated with strategy use, educators, teachers and coaches 

should encourage younger children to use effective strategies in continuous timing task 

performance and learning.  

The results of the study confirm and extend previous findings about strategy use 

differences in a continuous timing task performance between the younger and the older 

children. The younger children showed significantly less effective strategy use than the 

older children. In addition, effective strategy use was associated with performance 

accuracy and variability. These results show that the use of strategies for handling 

information becomes more effective as children age, and the more efficient use of the 

strategies affects a continuous timing task performance. This finding in the motor domain 

parallels previous research that has shown younger children’s poor performance is related 

to ineffective use of strategies in the cognitive domain (Chi, 1976; Ornstein, & Naus, 

1978).  This is an important step toward understanding the relationship between age-

related strategy use difference in cognitive development and previously observed 

differences in motor skill performance (Chao et al., 2002; Liu et al., 2003).  
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The findings of the present investigation also allow for strategy use generalization 

in continuous timing task performance for children. Strategy use generalization involves 

the transition from having used the strategy once to using it in other situations where it is 

an effective approach. In this study, participants were asked to perform accurately and 

consistently to the changes of target cadence. These changes were employed to 

investigate how strategy use affects children’s performance in a wide range of timing 

tasks. The fact that large performance differences associated with strategy use were seen 

at all cadences indicates that children who used effective strategies are more likely to 

generalize them to a new situation.  

In summary, the findings of the present study revealed age-related differences in 

strategy use and task performance. Fewer of the younger children used strategies in 

pedaling than the older children. The older children performed more accurately (RMSE) 

and consistently (VE) when compared to the younger children. In addition, children who 

used strategies performed better than children who did not use strategies. These results 

suggest that the effectiveness of strategy use may lead to age-related differences in a 

continuous timing task performance. The results extend our knowledge by examining a 

continuous timing task in response to cadence changes and by attributing observed 

performance differences to effectiveness of strategy use. These findings are important 

because they add new information to our knowledge about factors that lead to age-related 

performance differences, and provide indications about possible strategies that might be 

appropriate for assisting children to improve their motor performance.  
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   In conclusion, age-related differences in performance and strategy use support 

and extend previous developmental literature from the cognitive to the motor domain. In 

particular, younger children do not spontaneously use strategies in performance, whereas 

older children often plan and use strategies when performing a motor task. The observed 

age-related performance differences may in part result from differences in strategy use. 

Our findings highlight the importance of strategy use for children's success for 

performing a continuous timing task. This is particularly important as educators, teachers, 

and coaches begin to work with younger children for whom the spontaneous usage of 

strategies is absent. Can we teach those children to use a specific strategy and will the 

usage of that strategy help children improve their performance? These questions were 

addressed in Experiment 2.  
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Experiment 2 
 
Introduction 
 
 A key determinant of learning involves the specific strategies a learner employs 

during the skill acquisition process. In the motor and cognitive developmental literature, 

younger and older children differ in recall in both cognitive and motor tasks (Flavell et 

al., 1993; Thomas, 1984). In the cognitive domain, researchers have shown that the use of 

appropriate strategies can enhance children’s performance (Flavell et al., 1993; Siegler, 

1996). Strategy use requires that children use cognitive resources to achieve a goal in 

certain task environments (Logan, 1985).  

A rich literature illustrates the benefit of using recall strategies to enhance 

learning (Best & Ornstein, 1986; Garner, 1990; Hagen, Hargrove, & Ross, 1973; Paris & 

Winograd, 1990). Best & Ornstein (1986) asked third and sixth graders to tutor a first 

grader in a recall task; specifically, the older students were instructed to tell the younger 

ones what they had done to help themselves remember pictures. The younger children, 

who had the advice from older children, performed better on the recall task than did the 

control children. These findings indicate that teaching strategies to younger children can 

enhance recall performance.  

 The benefits are clear on the use of strategies to enhance learning in the cognitive 

domain, specifically strategy use on verbal tasks (Garner, 1990; Paris & Winograd, 

1990). In contrast, research on the usefulness of the same strategies when learning a 

movement is inconsistent (Duffie et al., 1975; Thomas et al., 1983). The results of motor 

skill strategy studies revealed conflicting findings about the way individuals learn motor 
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tasks using recall strategies, compared to those learning in a non-strategy condition 

(Duffie et al., 1975; Thomas et al., 1983). In order to address this conflict, this 

experiment tested the effect of teaching children a specific strategy with regard to 

completing a continuous timing task.  This dissertation is composed of two experiments. 

The results of Experiment 1 revealed that the majority the younger children did not use 

strategies, while most of the older children used strategies in the timing task performance. 

Children who used strategies performed with less error than the children who did not use 

strategies. The superior performance by the older children was observed at all cadences 

when compared to the performance of younger children. We speculated that the observed 

age-related performance differences in Experiment 1 may in part be due to younger 

children’s ineffective strategy use.   

 To test that speculation, Experiment 2 was designed to examine the effect of a 

specific strategy instruction in a continuous timing task performance. We were interested 

in performance changes that occurred as result of strategy application, not age. Therefore, 

participants of Experiment 2 were a subset of those in Experiment 1, and they were 

grouped by their previous performance. It was hypothesized that instructing children who 

exhibited higher RMSE and greater VE (i.e., poor performance) to use a specific strategy 

would lead to a significant reduction in RMSE and VE when compared to children who 

did not receive a specific strategy instruction. This expectation was based on a belief that 

instruction of a specific strategy was likely to help children generate an organization plan 

and appropriate memory processes. Therefore, the memory trace of the task would 
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become stronger and the children’s performance would improve (reduced error) with the 

use of the strategy (Thomas et al., 1983).     
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Methods 

Participants  

 From the 36 participants in Experiment 1, the 18 children who had the lowest 

performance participated in Experiment 2. Children were grouped by performance 

instead of age in the present study for two reasons. First, grouping children by 

performance can eliminate confounding factors such as age that may distort the findings. 

Second, Experiment 2 was designed to investigate whether children could improve their 

continuous timing task performance after a specific strategy application. Grouping 

children by performance can more effectively test the hypothesis and make valid 

comparisons between the groups.  A median split was used to divide the scores so that 

those with error scores in the top 50th percentile were considered poor performers. 

Participants were randomly assigned to either an experimental or a control group (Table 

4.1). The children in the experimental group were taught to use a strategy to assist their 

recall of the target pedaling cadences. An effective strategy (i.e., rhythmic counts along 

with metronome) used in adult cyclist training (CarMichael & Rutbeg, 2004) was taught 

in Experiment 2.  
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Table 4.1.  Group characteristics of the participants (Means ± standard deviations are 
presented for age and bicycle riding experience). 

 
 

 
 

Age (years) 

Bicycle 
riding 

experience 
(hours) 

 
 
 
 
 

Group 

 
 
 
 
 
n Range 

 
Mean ± SD 

 
Mean ± SD 

 
Number of 

YC and 
OC in each 

group 

 
Number of 

children 
used S and 
NS in each 

group 

Experimental 

(EXP) 9 5-10 

 

7.33 ± 1.73 65.8 ± 58.1 

YC: n = 5 

OC: n = 4 

S:    n = 4 

NS: n = 5 

Control (CON) 9 5-10 

 

7.11 ± 1.23 76.9 ± 64.3 

YC: n = 6 

OC: n = 3 

S:    n = 3 

NS: n = 6 
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Experimental Design 

 The experimental design included one between-subject factor, group (experiment, 

control), and two within-subject factor, cadence (60, 80, 100 rpm) and test (pre, post). 

The dependent variables were performance, as measured by root mean square error 

(RMSE) and variable error (VE).  

Instrumentation 
 

Like Experiment 1, all tasks were performed on a stationary ergometer (Monark, 

Model 829E) (Figure 3.1). It is known that crank length of the bicycle, foot position on 

the pedal and seat height affect kinematics of pedaling (e.g., Brown & Jensen, 2003).  

Therefore, in order to achieve a standardized riding position for each participant and 

control for any confounding factors in kinematics, crank length was adjusted to 20% of 

participant’s leg length. The toe cages were adjusted so that the first metatarsal-

phalangeal joint rested over the pedal spindle. The handle bars were adjusted so that the 

trunk was 60° from the anterior horizontal, and the seat height was adjusted so that each 

participant’s posterior knee angle was approximately 70° at the top dead center (TDC) 

and 155° at bottom dead center (BDC). To ensure the task was the same work load for 

each individual, participants pedaled at 10% of their predicted peak power.   

Test Administration 

 The experiment was designed to compare the effects on performance when a 

specific strategy was taught. The task was to recall selected pedaling cadences (60, 80 

and 100 rpm). Children in the experimental group received the following instructions: 

“When you pedal this time, try to remember how fast you are pedaling. Later I will ask 
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you to try to remember how fast you pedaled the bike. To help you remember, why don’t 

you verbally count “1” when you hear a metronome beat, and at the same time push one 

of your legs down, then on the next beat, count “2” and push down with your other leg?” 

Children were told to count along with the metronome beats while pedaling. The 

principal investigator counted with participants during the practice trials to ensure the 

correct usage of the strategy.   

 All children were asked to practice five trials for each target cadence. The 

number of practice trials was based on previous cognitive and motor learning literature 

suggesting that discrete tasks may require 10 – 15 trials to detect a learning effect (e.g., 

Weiss & Rose, 1992; Wulf & Weigelt, 1997), but a window of 1-5 trials of practice was 

sufficient for learning continuous tasks (e.g., Stelmach & Bassin, 1971; Strommen, 1993; 

Thomas et al., 1983). Each trial lasted for 15 s. Children practiced the target cadences in a 

random order. 

 Each child in the control group was given the following instructions: “Try to 

remember how fast you pedaled because I am going to ask you to pedal that same speed 

as you practiced. Do you understand?” If the child responded “no,” then the instructions 

were explained again. Once the child indicated his/her understanding, the practice trials 

for the selected target cadence began. All children were asked to practice five trials for 

each target cadence. Children practiced the cadences in a random order, the same as the 

experimental group (strategy instruction was only provided to the children in the 

experimental group). 
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 Ten minutes after practice, each child was asked to reproduce three trials for the 

cadence practiced. Previous motor learning research has shown that a retention testing 

period can be 5 min, 10 min, 24 hr or longer (Wulf & Schmidt, 1989; Lee & Genovese, 

1988; Smith 1997, Gable, Shea, & Wright, 1991). Because as a retention interval 

increases, the absolute amount of forgetting increases at a negatively accelerated rate, a 

10 min retention interval was selected for this study. The children verbally informed the 

principal investigator to start data collection when they believed they were at the target 

cadence.  
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Data Analysis 

The analysis for the effects of a specific strategy instruction was a 2 (group) x 3 

(cadence) x 2 (pre-post) repeated measures ANOVAs on RMSE and VE. A 2 (group) x 2 

(age) x 3 (cadence) repeated measures ANOVAs on RMSE and VE were also conducted 

to understand whether age had a possible effect on children performance changes. Results 

were considered significant if an alpha level of .05 was achieved. For a significant main 

effect, the Student-Newman-Keuls (S-N-K) post hoc test was conducted. In case of a 

significant interaction effect, a follow-up ANOVA and S-N-K post hoc test was 

performed for comparison of each level of the corresponding independent variable. In 

addition, effect sizes (ES) were calculated for each pair-wise comparison to obtain the 

practical significance and the meaningfulness of the intervention.  
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Results 

Effect of Strategy Instruction – Experiment 2 Hypothesis 

The group main effect failed statistical significance for performance accuracy 

(i.e., RMSE) prior to strategy instruction between the experimental and the control 

groups, F (1, 16) = 3.76, p> .05 (Figure 4.1). In addition, no significant difference was 

found between the experimental and the control group on performance variability (i.e., 

VE), F (1, 16) = 1.64, p> .05 (Figure 4.2). Results indicated that the children in the 

experimental and the control groups did not differ on both performance accuracy and 

variability prior to strategy introduction.  

The pre-post main effect for strategy instruction on performance accuracy was 

significant, Wilks’ Lambda = .63, F (1, 16) = 9.57, p< .05, and the group x pre-post 

interaction was significant as well, Wilks’ Lambda = .73, F (1, 16) = 5.84, p< .05. The 

group x cadence x pre-post interaction failed statistical significance, Wilks’ Lambda = 

.95, F (2, 15) = .40, p> .05 (Figure 4.1). Results revealed that children who were taught a 

counting strategy demonstrated significantly large RMSE reduction when compared to 

children who were in the control group only on the post test. Further, no significant age 

main effect was found, F (1, 14) = .001, p> .05.  The group x age interaction for 

performance accuracy also failed statistical significance (F (1, 14) = .869, p> .05), 

indicating age did not confound the present analysis in these participants. 

The pre-post main effect for strategy instruction on performance variability was 

significant, Wilks’ Lambda = .65, F (1, 16) = 8.60, p< .05, and the group x pre-post 

interaction was also significant, Wilks’ Lambda = .75, F (1, 16) = 5.47, p< .05. No 
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significant group x cadence x pre-post interaction was found, Wilks’ Lambda = .74, F (2, 

15) = .91, p> .05. Results indicated that children who received a counting strategy 

instruction significantly reduced VE when compared to children in the control group only 

on the post test (Figure 4.2). In addition, the age main effect failed statistical significance, 

F (1, 14) = .803, p> .05. No significant group x age interaction for performance 

variability was found (F (1, 14) = .024, p> .05, indicating age did not confound the 

present analysis in these participants. 

 

Effect sizes were calculated following the method (Equation 4.1) of Cohen 

(1988): 

 

 ES = (ME-MC)/SDC                                                                                                                                           (4.1) 

where ME = mean for experimental group, MC = mean for control group, and  

SDC = standard deviation for control group. 

 

The effect size describing the performance accuracy differences between the 

experimental and the control groups was large on the post test (Table 4.2). An effect size 

of 0.74 means there was a three-fourth standard deviation difference on RMSE between 

the means of the experimental and the control groups after applying a specific strategy. 

Further, the effect size comparing the experimental and the control group in performance 

variability were moderate (ES = 0.54) on the post test (Table 4.3), indicting a specific 

strategy instruction lead to a difference of one-half standard deviation on VE between the 
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means of the experimental and the control groups. These effect size results revealed that 

children who received a specific strategy instruction greatly reduced RMSE and VE when 

compared to children in the control group. 
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Figure 4.1. Effect of group x pre-post interaction for strategy instruction on performance 
accuracy. The experimental group was significantly (“*”) different from the 
control group on RMSE on the post test. 
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Figure 4.2. Effect of group x pre-post interaction for strategy instruction on performance   
   variability. The symbol “*” indicates significant group differences on VE on   
   the post test. 
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Table 4.2.  Effect sizes indicating the group differences in performance accuracy 
(RMSE) (EXP: Experimental group; CON: Control group). 

 
ES - Strategy group comparison  Test 

0.32 pre 

0.74 post 
 

Table 4.3.  Effect sizes indicating the group differences in performance variability 
(VE) (EXP: Experimental group; CON: Control group). 

 
ES – Strategy group comparison (EXP-CON) Test 

0.16 pre 

0.54 post 
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Discussion 
 

The present study investigated whether instructing children in the experimental 

group to use a specific strategy in pedaling would lead to greater performance 

improvement compared to children in the control group. The results of this investigation 

demonstrated that children who were taught a counting strategy showed greater 

performance accuracy and variability reductions than children in the control group. In 

conformity with the hypothesis, teaching children to use a specific strategy to remember 

the cadence they pedaled can improve their recall performance. The performance error of 

the experimental group was lower than for the control group. This finding is in agreement 

with observations of the teaching of strategy use in the cognitive domain (e.g., picture 

recall; Keeney et al., 1987; Naus et al, 1977) and partly in agreement with non-timing 

motor tasks, such as distance jogged (Gallagher and Thomas, 1980; Thomas et al., 1983).  

Thomas et al. (1983), for example, reported an age x strategy interaction for 

performance that was not found in the present study. Differences in design, and task 

performed might contribute to the different findings. First, Thomas et al. selected the 

experimental and the control group by age, whereas the group was defined by 

performance in this study. Because the children’s cognitive and motor development is not 

solely related to age, grouping children by performance can eliminate confounding 

factors that may distort the findings. Second, Thomas et al. asked children to remember 

the distance jogged which is different from the continuous timing task used in the present 

study. Nevertheless, the effect of specific strategy application was clear. Children indeed 

improved their target cadence recall by exercising a specific strategy.  
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Several studies have noted that when young children were taught to use strategies, 

their motor performance accuracy was improved (Gallagher & Thomas, 1984; Thomas et 

al., 1983). This suggests that strategies can probably assist children to improve the 

strength of the memory trace, in turn, to increase the effectiveness of information 

processing. The results of the present investigation confirm this speculation as children 

with poor performance improved their pedaling accuracy after learning the counting 

strategy. The results of this study extend previous findings by determining the effect of 

specific strategy learning on performance variability improvement (Gallagher & Thomas, 

1984; Thomas et al., 1983). Thus, teaching specific strategies about movement 

information enhances children’s performance. 

The results of the present investigation extend our knowledge by examining 

children’s performance of a continuous timing task in response to cadence changes, and 

the effect of a strategy use, by attributing observed performance improvement to 

effectiveness of strategy learning. These findings are important because they add new 

information to our knowledge about cognitive factors that lead to performance 

improvement, and provide indications to educators, teachers and coaches about how to 

teach children to improve their continuous timing task performance.  

The findings of the present investigation allow us to generalize about the use of a 

strategy for learning other continuous timing tasks in children. One may ask: what type of 

information can account for children’s pattern of generalization of the newly learned 

strategy? The framework provided by cognitive learning indicates that it is useful to 

direct children to focus on appropriate information in constructing effective strategies, 
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and to avoid inappropriate information. Existing strategies constitute a valuable source of 

procedures from which to build new strategies in the same domain because these are 

constructed to meet many of the same goals. In this study, participants were asked to 

perform accurately and consistently with respect to the changes of task demand (i.e., 

pedaling cadences). These changes were necessary for the investigation of how strategy 

use affects children’s performance in a wide range of continuous timing tasks. During 

this pedaling task, the goal was to accurately and consistently follow a set timing. 

Therefore, with changing pedaling cadences, children could learn to use this general 

strategy process among various timing tasks. The fact that the performance differences 

associated with strategy use were seen at all cadences indicates that children who learned 

specific strategies are more likely to generalize the strategy to a new situation in the same 

domain.  

   In summary, the most significant educational implication of the work presented in 

this study is derived from the results obtained – that teaching and exercising strategies 

can be a sufficient condition to affect children’s continuous timing task performance. 

Reproducing a practiced cadence is frequently important in sports. This is made more 

difficult in some sports when timing is a crucial determining factor for performance. For 

instance, in rowing, athletes must move their arms in a synchronized motion. To adults, 

counting the rhythm seems obvious, but it is not necessarily obvious to a child. Teaching 

children who have not yet developed the strategies can assist them to learn the task faster 

and more reliably. Future research should be aimed at using this information to determine 

factors that lead to performance differences, and to further illuminate the source of the 
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observed differences. In particular, it is of interest to understand when children are ready 

to learn and use strategies to aid their performance. It is also of interest how children 

apply learned strategies in performance of other continuous timing tasks. 
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Chapter 4: General Discussion 

A number of factors influence motor skill development and learning in children 

(Chi, 1976; Thomas, 1984). In particular, the memory system plays an important role and 

accounts for many of the motor performance differences observed across childhood. The 

purpose of this dissertation was to examine how cognitive processes in the memory 

system affect timing performance and learning in children. Emphasis was placed on 

differences in strategy use as a factor influencing cognitive processes such that the motor 

skill performance of older children was more successful compared to that of younger 

children. In addition, we sought to understand whether the application of a specific 

strategy in these cognitive processes could improve children’s continuous timing task 

performance.  

Two experiments were performed. The first experiment was the examination of 

age-related differences in motor performance and strategy use. After exploring 

developmental differences in continuous timing task performance, we tested the 

hypothesis that these differences were associated with ineffective strategy use. Data from 

Experiment 1 revealed that there were age-related differences in a continuous timing task 

performance, and that the differences could be attributed to the ineffective strategy use of 

younger children. It should be noted that 72% of the older children used strategies in their 

recall performance when compared to 17% of the younger children. The results of 

Experiment 1 suggest that younger children have difficulty generating and spontaneously 

using strategies on their own in performing a continuous timing task. With increases in 

age, children come to be more efficient in the use of motor strategies. These findings are 
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in agreement with previous research in the cognitive domain (Cox et al., 1989; Naus et 

al., 1977; Ornstein et al., 1975), and consistent with previous research on continuous 

motor skill performance in the motor domain (Thomas et al., 1983). These results are 

valuable for filling the gaps in our knowledge about whether age-related differences exist 

in a continuous timing task performance, and whether providing a specific strategy 

application can improve the children’s performance. Hence, this dissertation extends our 

understanding about the developmental differences of strategy use in the motor domain 

and the relationship between the development of cognitive processes and the continuous 

timing task performance.  

We tested the hypothesis that children can be instructed in the use of a strategy to 

improve their performance in Experiment 2. Data from Experiment 2 showed that 

children can indeed improve their performance by implementing a specific strategy 

regardless of age. The conclusion was made possible due to tight between-group 

performance controls and tight controls within groups in terms of bicycling experience. 

Children in the experimental and the control groups had similar performance and 

bicycling experience. It indicated that the children in both groups started from the same 

baseline in Experiment 2, and the bicycle riding experience did not confound the present 

findings. Moreover, the children were grouped according to their performance from 

Experiment 1. It is known that manipulations of strategy use may affect both the 

likelihood that a young child will use a strategy and the efficiency of its use in the 

cognitive domain (e.g., Ornstein et al., 1977). Results of Experiment 2 demonstrated that 

instructing children in effective strategy use led to significant performance improvement 
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also seen in the continuous timing task performance. The findings extend our knowledge 

about an effective strategy that can be used to improve children’s performance in the 

motor domain, and they have substantial implications for applications of teaching motor 

skills effectively in a variety of settings.  

One of the major contributions this research adds is the understanding that the 

learning of a continuous timing task performance is associated with effective strategy use 

in children. Moreover, children can facilitate recall when instructed to use effective 

strategies. Previously, strategy use has been examined in tasks mainly in the cognitive 

domain (Ornstein et al., 1977), and non-continuous timing tasks in the motor domain 

(Thomas et al., 1983). The unique feature of continuous timing tasks such as cycling, in 

contrast to cognitive and non-cognitive timing tasks, is that the continuation and the 

rhythm of tasks require different cognitive processes.  

It is clear that selecting a strategy to use in a given situation is more demanding 

than altering the efficiency of a technique that is already being used. Indeed, strategy 

selection involves complex decision making and reflections on the consequences of 

strategy use. As such, skill in selection may occur later in development and may be 

accomplished in children through the provision of demonstration and instruction of 

strategy use. The results of this dissertation suggest that educators, teachers and coaches 

should focus on instructing children to discover and apply effective motor strategies, and 

that by practicing particular strategies, children can improve their continuous timing task 

performance and may even use these strategies across tasks. 



  

 95

Considerable attention was given to controlling numerous factors that could 

confound conclusions from these experiments. Particular consideration was given to 

between-group controls on specific cycling experience. One confound of controlling 

movement experience between different age groups is the inherently increased motor 

experience of older children. We obtained bicycling experience in children that were 

controlled between groups. As such the older children in these experiments displayed 

slightly higher bicycling experience, but both groups’ average bicycling experience did 

not exceed 100 hr, and the exclusion criterion was no more than 300 hr. In addition, a t-

test indicated that the bicycling experience of the younger children did not differ from 

that of the older children. However, a question that often arises from child developmental 

research is whether motor experience can lead to changes in strategy use. The continuous 

timing task of cycling used in these experiments had specific task goals (pedaling at 60, 

80, 100 rpm) and constrained kinematics that permit similar repeated trials. In the present 

investigations, all groups performed the same scaled task, promoting comparisons 

between groups and allowing reliable assessment of the effect of strategy use between the 

age groups.  

Another confounding factor that might influence the conclusions was the 

grouping criteria. We grouped children by age in Experiment 1 to control for the levels of 

cognitive development (Flavell et al., 1993). That older children are more efficient in 

strategy use has been reported previously during cognitive and non-timing task recall 

(e.g., Naus et al., 1977; Thomas et al., 1983). Our goal was to explore age-related 

differences in strategy use in the motor domain and on a novel task. Experiment 1 
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showed that age-related differences in strategy use were present when performing a 

continuous timing task. We grouped children by performance instead of age in 

Experiment 2 in order to provide for between-group controls. One might expect that 

younger children would be more likely to improve their performance with specific 

strategy learning. However, we noted that both younger and older children improved their 

performance after implementing a specific strategy. Designing paradigms that allow an 

experimental test of development with a covariate such as age is difficult. Grouping 

children by performance promotes comparisons between groups and allows assessment of 

the effects of specific strategy learning.  

   In conclusion, a sequence of experiments was conducted in which age-related 

differences in strategy use were found during performing of a continuous timing task. 

The performance differences can be attributed to ineffective strategy use by younger 

children. Moreover, children can improve their timing task performance with application 

of a specific strategy. Two methods were used to assure the validity of these conclusions. 

First, the possible confounding factor of cycling experience in Experiment 1 was 

controlled. Second, a suitable grouping method was used in Experiment 2 to examine a 

specific strategy application in continuous timing task performance. The results of this 

dissertation increase our knowledge about the cognitive factors that lead to age-related 

differences in a continuous timing task performance, and have great implications for the 

use of strategies to effectively teach other timing tasks in children between 5 and 10 years 

of age.  
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 The most significant implication of the work presented in this dissertation is 

evident in the overall result – that teaching and instructing effective strategies can affect 

children’s timing task performance. Children’s timing is important because it is a key 

factor in sports, music, and general life functioning (Ellis, 1992) A child’s timing – 

ability to feel and express steady beat – is fundamental to movement and music, affecting 

sport skills, musical performance, as well as speech and performance of timed motor 

tasks.  In addition, children’s timing has been found to be positively related to children’s 

overall school achievement, as well as mathematics and reading achievement, gross 

motor skills and the language performance (e.g., Mitchell, 1994). Teaching children who 

have not yet developed the strategies for timing can assist them in learning timing tasks, 

and perhaps others, faster and more reliably. Children may also well be found to improve 

their school achievement because of the improvement they achieved in timing task 

performance with application of effective strategies.   

 What is the future of strategy research in motor domain? First of all, we expect 

the issue of developmental readiness in strategy use will become more important. When 

is the best time to teach various strategies to children in motor skill performance? Is 

earlier always better, or might it be desirable to wait until children’s general cognitive 

abilities are better developed before beginning some instruction? How can we best teach 

strategies, especially to low achieving children? Second, as we learn more about the 

processes of strategy development, researchers will be asking themselves what are 

cognitive factors that lead to different motor task performance, and what is the source of 

the observed differences in relation to age, and strategy effectiveness. Third, we expect 
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that researchers will take a closer look at strategies that develop in motor task 

performance. For example, what is the relation between strategy use in the laboratories 

for generalization to the real-world?  And fourth, more still needs to be learned about 

movement related strategies. What role do coaches and teachers play in fostering 

children’s use of learning and memory strategies? Are children who show more 

variability in strategy use different in any important way from less variable children? Can 

children who learned strategy in the present study generalize to improve other timing task 

performance in the motor domain? Finally, it is also of interest to know whether children 

can apply learned strategies in the motor domain to enhance performance in a cognitive 

task.  

Knowledge of strategy use in continuous timing task performance is important for 

understanding motor skill development in children. Some processes that appear to be 

strategic may actually reflect the relatively automatic actions in memory. Much of what 

children learn and remember is acquired and retrieved without the specific, effortful 

plans, but rather occurred without apparent explicit cognitive intention and awareness 

(Fivush & Hudson, 1990; Schneider & Bjorklund, 1992). This insight does not indicate 

that strategy use is less important, but merely recognizes the complexity of the 

developing memory system. As we gain further understanding and acknowledge the 

complexity of the development of human memory system development, it is increasingly 

imperative that the interactive relationship between cognitive processes and motor 

domain be recognized and considered when we perform and learn motor skills. It has 
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great implication for educators, teachers and coaches to effectively use cognitive factors 

to improve motor skill performance and learning in children.  
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Dear Parent, 
 
Your child (5-10 years of age) is invited to participate in a study on the effectiveness of 
strategy use on learning a movement skill. My name is Ting Liu and I am a graduate 
student at The University of Texas at Austin, Department of Kinesiology and Health 
Education. I am working under the direction of Jody L. Jensen, Ph.D., Director of the 
Developmental Motor Control Laboratory.  I am asking for permission to include your 
child in this study. Approximately 40 participants will be included in this study. 

If you allow your child to participate, he or she will be invited to the Developmental 
Motor Control Laboratory at the University of Texas, Bellmont Hall 546B for 2 visits 
within a period of 2 weeks.  At each visit, your child will pedal a stationary bicycle for 
10-20 minutes through bouts of different speeds.  The stationary bicycle your child will 
ride is very stable yet adjustable. I can adjust the seat and handle bar position to suit your 
child’s height and ensure that he or she is comfortable on the bicycle. Testing should take 
no longer than one and a half hours per visit, which includes the time it takes to 
familiarize your child with the laboratory and to prepare for the pedaling activity. 

Any information that is obtained in connection with this study and that can be identified 
with your child will remain confidential and will be disclosed only with your permission. 
There will be no direct benefit to you or your child following your participation in this 
study. Your child’s assistance through participation will help us to better understand how 
to define an effective training strategy for promoting learning in children. 
 
Your decision to allow your child to participate will not affect your child’s present or 
future relationship with The University of Texas at Austin.  
  
If you would like your child to participate in this study, please call me at 512-232-2686. 
If you have any questions or concerns about your child’s participation in this study call 
me or Dr. Jody L. Jensen at 512-232-2685. 
 
Thank you for your time. 
 
 
Ting Liu 
 
Graduate student in Kinesiology 
512-232-2686 
tingliu@mail.utexas.edu 
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Appendix B – Consent Form for Children Younger Than 7 years of Age 
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CONSENT FORM 
 
Age-related differences: Effects of practice and recall strategy in motor skill learing  
 
Your child (5-7 years of age) is invited to participate in a study on the effectiveness of 
strategy use on learning a movement skill. My name is Ting Liu and I am a graduate 
student at The University of Texas at Austin, Department of Kinesiology and Health 
Education. I am working under the direction of Jody L. Jensen, Ph.D., Director of the 
Developmental Motor Control Laboratory. I am asking for permission to include your 
child in this study.  

 
If you allow your child to participate, he or she will be invited to the Developmental 
Motor Control Laboratory at the University of Texas, Bellmont Hall 546B for 2 visits 
within a period of 2 weeks.  At each visit, your child will pedal a stationary bicycle for 
10-20 minutes through bouts of different speeds.  The stationary bicycle your child will 
ride is very stable yet adjustable. I can adjust the seat and handle bar position to suit your 
child’s height and ensure that he or she is comfortable on the bicycle. Testing should take 
no longer than one and a half hours per visit, which includes the time it takes to 
familiarize your child with the laboratory and to prepare for the pedaling activity.  
 
While your child pedals, special cameras will record the action of his or her legs, 
recording movement of the markers. Only the reflective markers will be seen by these 
special cameras. Neither your child’s name nor any personal information will be stored 
with the camera records.  I will also record your child with a video camera while he or 
she is riding the bicycle.  The video recording might identify your child as a study 
participant.  The video may be used for educational purposes (such as training students or 
making class presentations) or research purposes (pictures or videos shown at a 
professional conference or used – without explicit identifying information – in research 
publications). Data and videos collected will be archived indefinitely in the 
Developmental Motor Control Laboratory.  The data collected in this study may also be 
reanalyzed and used in future studies and publications. Neither in the present study nor in 
any future analyses of these data will you child be individually identified. 
 
Any information that is obtained in connection with this study and that can be identified 
with your child will remain confidential and will be disclosed only with your permission. 
There will be no direct benefit to you or your child following your participation in this 
study. Your child’s assistance through participation will help us to better understand how 
to define an effective training strategy for promoting learning in children. 
 
Your decision to allow your child to participate will not affect your child’s present or 
future relationship with The University of Texas at Austin. If you have any questions 
about the study, please ask me. If you have any questions later, call me at 512-232-2686 
or Dr. Jody L. Jensen at 512-232-2685. If you have any questions or concerns about your 
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child’s participation in this study, call Professor Clarke Burnham, Chair of the University 
of Texas at Austin Institutional Review Board for the Protection of Human Research 
Participants at 232-4383. 
  
You will be given a copy of this consent form. 
 
You are making a decision about allowing your child to participate in this study. Your 
signature below indicates that you have read the information provided above and have 
decided to allow your child to participate in the study. You may discontinue your child's 
participation at any time. 
 
 
 
______________________________ 
Printed Name of child 
 
_________________________________    __________________ 
Signature of Parent(s) or Legal Guardian Date 
 
_________________________________                                          __________________ 

Signature of Investigator   Date 
 
Photograph and Video Consent  

I hereby give permission for use of images or videos of my son or daughter for use in 
educational training, professional presentations, and professional publications. I 
understand that no explicit identifying information will accompany the presentation of 
pictures or videos, though the use of my child’s image may lead to recognition of my 
child as a study participant. 
 
___________________________________________________________________ 
Printed Name of child                   Date 
 
 
___________________________________________________________________ 
Signature of Parent(s) or Legal Guardian                Date 
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Appendix C – Consent Form for Children Older Than 7 Years of Age 
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CONSENT FORM 
 
Age-related differences: Effects of practice and recall strategy in motor skill learing 
 
Your child (8-10 years of age) is invited to participate in a study on the effectiveness of 
strategy use on learning a movement skill. My name is Ting Liu and I am a graduate 
student at The University of Texas at Austin, Department of Kinesiology and Health 
Education. I am working under the direction of Jody L. Jensen, Ph.D., Director of the 
Developmental Motor Control Laboratory. I am asking for permission to include your 
child in this study.  

 
If you allow your child to participate, he or she will be invited to the Developmental 
Motor Control Laboratory at the University of Texas, Bellmont Hall 546B for 2 visits 
within a period of 2 weeks.  At each visit, your child will pedal a stationary bicycle for 
10-20 minutes through bouts of different speeds.  The stationary bicycle your child will 
ride is very stable yet adjustable. I can adjust the seat and handle bar position to suit your 
child’s height and ensure that he or she is comfortable on the bicycle. Testing should take 
no longer than one and a half hours per visit, which includes the time it takes to 
familiarize your child with the laboratory and to prepare for the pedaling activity.  
 
While your child pedals, special cameras will record the action of his or her legs, 
recording movement of the markers. Only the reflective markers will be seen by these 
special cameras. Neither your child’s name nor any personal information will be stored 
with the camera records.  I will also record your child with a video camera while he or 
she is riding the bicycle.  The video recording might identify your child as a study 
participant.  The video may be used for educational purposes (such as training students or 
making class presentations) or research purposes (pictures or videos shown at a 
professional conference or used – without explicit identifying information – in research 
publications). Data and videos collected will be archived indefinitely in the 
Developmental Motor Control Laboratory.  The data collected in this study may also be 
reanalyzed and used in future studies and publications. Neither in the present study nor in 
any future analyses of these data will you child be individually identified. 
 
Any information that is obtained in connection with this study and that can be identified 
with your child will remain confidential and will be disclosed only with your permission. 
There will be no direct benefit to you or your child following your participation in this 
study. Your child’s assistance through participation will help us to better understand how 
to define an effective training strategy for promoting learning in children. 
 
Your decision to allow your child to participate will not affect your child’s present or 
future relationship with The University of Texas at Austin. If you have any questions 
about the study, please ask me. If you have any questions later, call me at 512-232-2686 
or Dr. Jody L. Jensen at 512-232-2685. If you have any questions or concerns about your 
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child’s participation in this study, call Professor Clarke Burnham, Chair of the University 
of Texas at Austin Institutional Review Board for the Protection of Human Research 
Participants at 232-4383. 
  
You will be given a copy of this consent form. 
 
You are making a decision about allowing your child to participate in this study. Your 
signature below indicates that you have read the information provided above and have 
decided to allow your child to participate in the study. You may discontinue your child's 
participation at any time. 
 
______________________________ 
Printed Name of child 
 
_________________________________    __________________ 
Signature of Parent(s) or Legal Guardian Date 
 
_________________________________                                          __________________ 

Signature of Investigator   Date 
 
Participant’s Assent 
 
This study has been described to me and my parent (or guardian).  I understand what will 
take place and what will happen to me in the study. I have received permission from my 
parent(s) to participate, and I agree to participate in the study. I know that I can quit the 
study at any time. 
 
________________________________ __________________ 
Signature of Participant Date 
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Photograph and Video Consent  

I hereby give permission for use of images or videos of my son or daughter for use in 
educational training, professional presentations, and professional publications.  I 
understand that no explicit identifying information will accompany the presentation of 
pictures or videos, though the use of my child’s image may lead to recognition of my 
child as a study participant. 
 
___________________________________________________________________ 
Printed Name of child                   Date 
 
___________________________________________________________________ 
Signature of Parent(s) or Legal Guardian                Date 
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Appendix D – Activity Questionnaire – Cycling 
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ACTIVITY QUESTIONNAIRE CYCLING– CHILD  Subject ID________ 
 
At what age did your child start riding a bike?__________________ 
 
Does your child ride a bike to get around (e.g. Does your child ride his/her bike to 
school/friends?) Please explain.  
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
 
Does your child own a bike? ________________ 
 
How often has your child ridden a bike in the past five years? 
 
Activity Number 

of Years 
Months / 
Year 

Weeks / 
Month 

Days / 
Week 

Hours / 
Day 

TOTAL 
HOURS 

e.g.  2 6 4 (all) 2 1.5 144 
Biking 
 

      

 
If your child does not ride a bike on a regular basis, please provide specific information 
on how often and how many hours your child has ridden a bike within the past 5 years. 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
 
If there are other things about your child’s cycling history that you think are worth 
mentioning, please write them down here. 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
 
________________________________________________________________________ 
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Appendix E – Subject Information Sheet 
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Subject Information Sheet 
 
Date: ____________________                              Study: ___________________________ 

Subject Name: ______________________  Subject ID: ____________________ 

Subject Address: ____________________  Sex (m/f): _____________________ 

Subject Phone: ______________________  Date of Birth: __________________ 

Parent/Guardian: ____________________ 

 
Date of Birth: ________________________  Chronological Age (in days): ______ 

Height (cm): _________________________  Leg Length (cm): _______________ 

Weight (kg): _________________________  Bike Height: ___________________ 

Knee Angle at TDC: ___________________  Knee Angle at BDC: _____________ 

Trunk Angle: _________________________ 

 

PI: __________________________________ 

Lab Assistants & Assignments 

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________ 

Notes 

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________



  

 113

 

 

 

 

 

 

 

 

 

 

Appendix F – Subject Sheet for Estimating Peak Power 
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Estimating Peak Power  

 To ensure the task was the same work load for each individual, participant-

specific pedaling peak power was predicted for each participant prior to Experiment 1. 

The predicted peak power was estimated by lean thigh volume of each participant using a 

method established by Martin et al. (2000). Appendix F contains the spreadsheet for 

estimating peak power for children. The principal investigator first measured each child’s 

right thigh length, circumferences of proximal patella, mid thigh, and gluteal furrow. 

Second, each child’s skin fold thicknesses on gluteal furrow front and back, mid thigh 

front and back, and proximal patella front and back were also measured. Finally, each 

child’s predicted peak power was calculated. All participants pedaled at 10% of their 

predicted peak power. 
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Subject ID       
Thigh Length 1 – 
proximal 0 thigh length   
Thigh Length 2 – 
distal 0     

Circumferences   
Lean limb 
circumferences   

C1 (gluteal furrow)   LC1 =B5-B15*PI() 

C2 (mid thigh)   LC2 =B6-B22*PI() 

C3 (proximal patella)   LC3 =B7-B29*PI() 

Skin fold thickness   Lean limb diameters   

gluteal furrow front 1   LD1 =D5/PI() 

gluteal furrow front 2   LD2 =D6/PI() 

gluteal furrow front 3   LD3 =D7/PI() 

gluteal furrow back 1   Radius   

gluteal furrow back 2   R1 =D9/2 

gluteal furrow back 3   R2 =D10/2 
average gluteal 
furrow =AVERAGE(B9:B14) R3 =D11/2 

mid thigh front 1   Heights   

mid thigh front 2   height1(proximal) =SQRT((B2)^2-(D14-D13)^2) 

mid thigh front 3   height2 (distal) =SQRT((B3)^2-(D15-D14)^2) 

mid thigh back 1   Volumes   

mid thigh back 2   Cone1 (proximal) =(PI()*D17/3)*(D13^2+D14*D13+D14^2) 

mid thigh back 3   Cone2 (distal) =(PI()*D18/3)*(D14^2+D14*D15+D15^2) 

average mid thigh =AVERAGE(B16:B21) Sum =(D20+D21)/1000 
proximal patella 
front 1   Pmax =(215.96*D22+48.53) 
proximal patella 
front 2     
proximal patella 
front 3     
proximal patella back 
1     
proximal patella back 
2     
proximal patella back 
3     
average proximal 
patella =AVERAGE(B23:B28)   
Crank length (0.2 x 
leg length)    

Crank length used     

 
Value on 
ergometer scale 

  60 RPM 80 RPM 100 RPM 

5% Pmax =0.05*D23 =B34*0.0345 =B34*0.0295 =B34*0.0207 

10% Pmax =0.1*D23 =B35*0.0345 =B35*0.0295 =B35*0.0207 

15% Pmax =0.15*D23 =B36*0.0345 =B36*0.0295 =B36*0.0207 

20% Pmax =0.2*D23 =B37*0.0345 =B37*0.0295 =B37*0.0207 

25% Pmax =0.25*D23 =B38*0.0345 =B38*0.0295 =B38*0.0207 
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Appendix G – Scripts Used in Experiment 1 and Experiment 2 
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Scripts Used in Test Administration in Experiment 1 

During the practice trials, the principal investigator cued the child with verbal 

confirmations such as “you are on 60 (80 or 100) speed right now, try to remember how 

fast you are pedaling. Later I will ask you to try to remember how fast you pedaled the 

bike.” The principal investigator then cued the child when he or she was pedaling at the 

target speed. Children were also instructed to pedal faster or slower when they were 

varied from the target cadence. 

The principal investigator interviewed each child after their recall tests. She asked 

questions such as “you said you were on 60 (80 or 100) speed, how did you know that 

was 60 (80 or 100) speed?” If the child did not seem to understand the question, the 

principal investigator asked another question, “what did you do to remember the 60 (80 

or 100) speed?”  
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Scripts Used in Test Administration in Experiment 2 

The principal investigator provided instructions to children in the experimental 

group on how to use the counting strategy during practice, “when you pedal this time, try 

to remember how fast you are pedaling. Later I will ask you to try to remember how fast 

you pedaled the bike. To help you remember, why don’t you verbally count “1” when 

you hear a metronome beat, and at the same time push one of your legs down, then on the 

next beat, count “2” and push down with your other leg?” Children were told to count 

along with the metronome beats while pedaling. The principal investigator counted with 

participants during the practice trials to ensure the correct usage of the strategy.  Children 

were also instructed to pedal faster or slower when they were varied from the target 

cadence. 

  The instructions the principal investigator provided to children in the control 

group during practice were “when you pedal this time, try to remember how fast you are 

pedaling. Later I will ask you to try to remember how fast you pedaled the bike.”  
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Appendix H – Coding Procedures in Experiment 1 
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Inter-rater Coding Processes in Experiment 1 

The principal investigator first introduced the coding criteria and protocol to the 

assistant. Children’s responses were coded as “No Strategy (NS)” when a child’s verbal 

report was I guessed or I don’t know, and “Strategy (S)” when they reported, I counted or 

I looked at my legs and tried to keep them moving the same. Further, the children who 

answered I just knew, I remembered, if upon probing (i.e., by asking how did you know 

and how did you remember), they gave the same answers were coded as NS. But if they 

changed to more articulated answers, such as my legs felt like it, I kept pedaling the same, 

the responses were coded as S. Then the principal investigator asked the assistant to 

practice coding processes with the pilot data. After the assistant achieved 90% agreement 

with the principal investigator, she was considered trained. After the training, the 

assistant independently coded all of the responses. In the cases of disagreement in coding, 

two raters re-reviewed the recorded responses and reached consensus.  
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