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Abstract 

This study was conducted with two principal objectives: (a) to investigate 

the influence of context in the aquisition of novel motor sequences, and (b) to 

further test whether Ericsson, Krampe, and Tesch-Rdmer's (1 993) theory of 

deliberate practice transfers to the athletic domain. Ten expert and ten novice 

martial arts students performed two motor recall tasks and completed an activity 

questionnaire related to their participation in karate. 

For the first recall task subjects replicated two stmdured and two 

unstructured sequences of karate techniques. Serial accwacy analyses showed 

a skill level by structure interaction, indicating that experts were superior for 

structured sequences only. During the second recall task subjects recalled four 

sequences that were either demonstrated with context or without The presence 

of context did not benefit recall for the experts. Analyses of the novice group's 

performance showed that recall was initially hindered by the presence of context, 

thus demonstrating that pairing context with motor information is not an effective 

instructional strategy during initial acquisition. 

Evaluation of the role of deliberate practice in expert performance was 

assessed through retrospective questionnaires. Analyses of the data indicated 

that the activities considered most relevant to martial arts performance were also 

deemed the most enjoyable. These activities also rated high on dimensions of 

mental concentration and physical effort. An assessment of the expert group's 

time spent participating in relevant activities indicated that they increased their 



participation with others until the year that they achieved their black belt Time 

spent participating in relevant practice activities alone was maintained over the 

course of their careers. The findings related to the relationship between 

relevance and effort, and relevance and enjoyment diverge from Ericsson el al.'s 

(? 993) definition of deliberate practice, suggesting that adaptations should be 

made if it is to be considered a general theory of expertise. 
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I ntrodudion 

An increased interest in the underlying knowledge structures related to 

skilled memory performance has been the impetus for much of the research on 

expert performance. Investigations in both motor and cognitive domains have 

yielded consistent results; exceptional memory performance is the result of an 

elaborate knowledge base that has developed through extensive experience in a 

specific domain. It is surprising that the potential that these findings have for 

enhancing novice skill acquisition has not generated much research in the motor 

domain- 

The first objective of this study was to assess whether pairing a verbal 

context with motor information is associated with superior recall of novel motor 

sequences. Very few studies have been conducted in the motor domain 

regarding the influence of context on recall performance. This research has 

been limited to the use of simple verbal labels in the recall of discrete movement 

information (Reeve 8 Proctor. 1983; Shea, 1 977). In contrast, the cognitive 

domain abounds with investigations aimed at understanding how skill acquisition 

may be enhanced by manipulating the meaning associated with the target 

information (Chase & Ericsson, 1981 ; Chazin 8 Neuschatz, 1990; Helstrup, 

1 993; Wallace, 1994). This research suggests that a melody, or verbal 

elaboration may provide a meaningful context that improves recall performance. 

A motor recall paradigm was employed in order to assess the relationship 

between context and recall and to determine whether it is related to the skill level 



of the performer. Based on commonly reported findings in the skilled memory 

literature, it was anticipated that expert and novice recall performance would be 

differentially influenced by an external context. If the results of the cognitive 

investigations transferred to the athletic domain, that is, if the accompaniment of 

a verbal context with movement information improved recall, such a strategy 

would have valuable implications for an instructional setting. 

Most recently the focus of expertise research has shifted fnrm the use of 

memory tasks to the investigation of the activities that comprise an expert's 

practice schedule. As such, deliberate practice research provides insight into 

how group differences accrue due to differential amounts of time engaged in 

different practice activities. Similar to skilled memory theorists, deli berate 

practice researchers have concluded that exceptional performance is the result 

of extensive practice by the individual in hislher domain. 

The second main objective of the present investigation was to test the 

effectiveness with which Ericsson, Krampe, and Tesch-Romer's (1 993) theory of 

deliberate practice transfers to the athletic domain. The results of recent work 

with athletes have not supported some of Ericsson et al.'s (1 993) original 

deliberate practice research with expert pianists and violinists (Hodges & 

Starkes, 1996; Starkes, Deakin, Allard, Hodges, & Hayes, 1996b). It has been 

reported that the relationship between the enjoyment experienced from 

participation in highly relevant activities differs between athletes and musicians 

(Hodges & Starkes, 1996; Starkes et al., 1996b). Athletes also appear to 



differentiate between mental and physical effort, a dimension which was not 

considered by Ericsson et al. (1993). Finally, the types of activities that each 

domain has counted as deliberate practice have differed. Taken together, the 

reported findings of the research conducted with athletes and musicians suggest 

that the basic tenets of the deliberate practice framework must be adapted if it is 

to be considered a general theory of expertise. 

A retrospective questionnaire similar to that used by Stakes et al. 

(1 996b) was employed, which provided valuable information concerning the 

activities that the martial artists considered most relevant to their performance, 

along with the activities that comprised their practice schedules. Such 

knowledge has important implications concerning the specific activities that 

constitute deliberate p r a m  for athletes, and thus, has potential regarding the 

design of the most effective training regimes. 



Review of Literature 

The scientific study of exceptional performance has origins in the 

pioneering work of Bryan and Harter (1 899) on telegraphy operators Attempts 

to determine the mechanisms responsible for superior performance by 

individuals continue today. There is considerable agreement that the advantage 

which expert performers display within a domain is the result of a superior 

utilization of any number of cognitive skills. Since most of the domains under 

investigation place high demands on the cognitive system for success, perhaps 

it is not surprising that there has been a convergence of opinion toward the 

cognitive explanation of superior performance. Similar agreement within the 

motor domain has been realized more slowly. Initially, genetic differences 

between individuals of varying skill levels was the favoured explanation of 

exceptional motor performance. Investigations into the identification of inherent, 

or 'hardware' abilities have not provided empirical evidence to support this view 

(Starkes & Deakin, 1 984). In contrast, research into a cognitive, or 'softwarer 

explanation of exceptional performance has reported characteristic expert- 

novice differences on a number of cognitive dimensions, across a diverse range 

of motor skills (Allard 8 Starkes, 1991 ). These similarities have eventually led to 

a convergence of opinion in favour of a cognitive advantage in expert motor 

performance. 



Much of the work within various motor skill domains has been based on 

the landmark studies of de Grmt (1 965) and Chase and Simon (1973). The 

experiment most often replicated ffom de Groat's chess investigations is the five 

second recall task. Chase and Simon found that for structured middle game 

positions, the master (M) chess player was capable of correctly placing 

approximately 16 out of 25 pieces after only five seconds of viewing, while the 

class A player (A) and beginner (B) were only able to place 8 and 4 pieces. 

respectively. Since this superiority disappeared once game structure was 

removed, the notion of a larger short term memory (STM) capacity was 

discounted. For M, the pieces were 'chunked' into larger meaningful units. This 

means that the chess master was able to 'pick up' meaningful associations more 

quickly and accurately than the lesser-skilled players. While Chase and Simon's 

(1 973) original work only used one subject per group, chess studies using larger 

sample sizes have replicated their findings (Chamess. 1976; Frey 8 Adesman, 

1976). 

Using a multitask approach, Starkes (1 987) set out to determine the 

relative contribution that inherent abilities made compared to cognitive skills in 

different skill levels of field hockey performers. Using twenty structured 

(depicting play around the striking circle and the net), and twenty unstructured 

(depicting transitional scenes) slides for one experiment, Starkes looked for a 

skill by game structure interaction similar to that found by Chase and Simon 

(1 973). Given the large number of players on the pitch, viewing time for each 



presented slide was eight seconds. After viewing each slide, subjects attempted 

to replicate the positions of the players by placing magnetic markers on a small- 

scale field hockey pitch. A significant groupby-structure interaction reported that 

national players were significantly better than varsity athletes who, in turn, were 

better than the beginners. As expected, group differences were not obsewed for 

unstructured game information. Investigations in other sports such as soccer 

(Williams, Davids, Burwitz, & Williams, 1993; Williams 8 Davids, 1995), 

basketball (Allard, Graham, 8 Paarsalu, 1980; Starkes, Allard, Lindley, 8 

O'Reilly, 1994), football (Garland 8 Barry, 1991 ), figure skating (Deakin 8 Allard, 

1991 ), and ballet (Edmonstone, 1987; Starkes, Deakin, Lindley, 8 Crisp, 1 987) 

revealed similar results. Analyses on simple reaction time, dynamic visual 

acuity, and coincident anticipation time tasks resulted in no between group 

differences. Since Starkes' (1 987) results indicated that only the cognitive tasks 

discriminated between the three skill levels, she concluded that it is an elaborate 

declarative and procedural knowledge base that determines expertise in an 

open-skill sport such as field hockey. 

One instance where a skill level-by-structure interaction was not observed 

was in Starkes, Caicco. Boutillier, and SevseKs (1 990) investigation of creative 

modem dancers. From the outset it was hypothesized that perhaps this group of 

experts may be an exception in that the very nature of their skill is to perform 

sequences of elements that are intentionally unstructured (Starkes et al., 1990). 

As a result, the memory structures required for the skilled creative dancer may 



be very different from the ballet dancer or figure skater, since the latter two 

performers rely greatly on the congruity of their movement sequences. A recall 

test of high frequency words was conducted in order to reMe the argument that 

their expert dancers had larger memory capacities. Lack of group differences 

suggested that the purposely random nature of creative modem dance allowed 

for superior unstructured recall by the experts (Starkes et al.. 1990). 

Smyth and Pendleton (1 994) also failed to show the classic skill level-by- 

structure interaction, The authors suggested that the nonsignificant interaction 

between ballet and nonsense movements was indicative of the expert's superior 

memory for both ballet movements and those which do not conform to Laban's 

principles. Some serious methodological flaws are apparent in Smyth and 

Pendleton's design, however, which may account for their discrepant findings. It 

is impossible to compare expert-novice recall differences for domain-specific 

information when the novice participants have had no prior exposure to the 

movements. The movements for each set (ballet, nonsense) were randomly 

selected, essentially creating an unstructured condition for the ballet movements 

according to the traditional expertise literature. Another difference between 

Smyth and Pendleton's design and other expertise investigations was that 

subjects recalled the movements in any order they wished. Serial recall is a 

more accurate reflection of expert-novice differences, since it is the recognition 

of the meaning between the movements which is thought to discriminate 

between skill levels, 



The consensus in the field of motor expertise confirms the results 

observed in research using strictly cognitive skills; the amount of information that 

can be encoded during brief exposure to a schematic diagram is a function of a 

domain-specific semantic network or knowledge base. Much of the difference 

between expert and novice performance lies in the novice's inability to abstract 

meaningful associations from the presented chess position or sequence of 

elements simply because the novice does not have the knowledge base that 

would allow himlher to "see' them as meaningful (Allard, Deakin, Parker, 8 

Rodgers, 1993). 

It is important to consider that for cognitive and motor skill research alike 

where memory tasks have been used, the mechanisms accounting for 

exceptional performance in such tasks may only partially account for those 

processes underlying expert performance. As such one cannot be sure if the 

differences observed between skill levels are actually related to the subject's use 

of hislher relative abilities in the real-world undertaking of the skill. Similarly. it 

is not known how this superiority translates to chess or field hockey 

performance. 

An investigation that was unsuccessful in obtaining skill differences using 

arbitrary lab tests, but elicited large differences for representative tasks was 

Chase's (1 983) study of taxi drivers. Using a sample of 5 experts (1 8.2 years 

experience), 5 intermediate subjects (5.6 years experience), 5 novice subjects 

(0.7 years experience) and 5 control (non-taxi drivers, but 6.5 years driving 



experience), the cognitive mapping tasks conducted in the lab (Le. map drawing, 

street naming, distance estimations, etc.), failed to elicit between-group 

differences. It was not until routegeneration tasks both in the lab and in the 

field were conducted that skill differences became evident. Since finding the 

most efficient routes to specific destinations was a representative task for taxi 

drivers, it was suggested that these navigational skills were closely related to the 

subject's real-world undertaking of the skill. Transfemng from the lab to the field 

improved performance for all of the groups, perhaps because there were more 

informational and contextual cues provided by the field setting (Chase, 1983). 

These results emphasize the importance of using tasks that are representative 

of what the expert encounters in his or her domain. Simply studying the 

byproducts of expertise does not further our understanding of how experts use 

this information to perform within their domain (Ericsson & Smith, 1993). 

Skilled memory theory evolved from an attempt to improve the level of 

understanding of how experts use domain-specific inforrnation and how this 

translates into expert performance. The five principles of skilled memory theory 

were proposed by Ericsson and Polson (1988). First, exceptional memory is 

specific to the performer's skill domain. This relates to the structured- 

unstructured paradigm that has been used to discount a hardware explanation 

for recall; if the information is not domain-specific, the expert's performance will 

be comparable to that of a novice. Second, the ability to encode domain-specific 

information quickly develops with practice, and has been demonstrated with self- 



paced encoding paradigms. Third, the information is held within long term 

memory (LTM) and therefore may be recalled after long retention periods. 

Fourth, existing semantic memory structures are used by experts for encoding. 

Fifth, the information stored in LTM is accessible at recall due to the retrieval 

devices (mnemonic aids) that are implemented during initial encoding. While 

both cognitive and motor skill investigations have studied different tenets of the 

theory, support has been consistent across both domains. 

Expertise in physics is a cognitive skill that has many parallels with the 

motor domain (Anzai 8 Yokoyama, I 984; Chi, Feltovich, & Glaser, I 981 ). Given 

its inherent problem-solving nature, it is not surprising that the expertnovice 

differences observed in physics are similar to open-skill sports. Chi et al. (I 981) 

investigated expert-novice differences in the organization of physics knowledge 

and were able to provide evidence in favour of skill being mediated by a domain- 

specific knowledge base. It was through a sorting paradigm that the knowledge 

structures best discriminated between the skill levels. Using PhD students as 

their experts and physics undergraduates as their novices, Chi et al. (1 981 ) had 

subjects sort twenty-four physics problems into groups defined by similar 

solutions. Subsequent cluster analyses revealed little agreement between the 

two groups concerning which problems belonged to the same category. Novices 

sorted the problems according to their surface attributes, such as type of object 

used or physical terms mentioned. In contrast, experts were guided by the 

physics principle inherent to each problem for sorting. Since the novices were 



concerned only *th the superficial characteristics of the problems, their 

categories collapsed across different principles. Knowledge structures were 

thought of as problem representations, or abstract cognitive structures 

associated with a specific problem (Chi et at., 1981). These representations 

were considered to directly reflect the extent of the semantic network, or 

organization of one's knowledge base pertaining to physics. Accordingly, the 

differences observed between experts and lesser-skilled individuals were 

thought to be due to a poorly developed semantic network that did not permit the 

abstraction of a rich representation. 

Garland and Bany (1 991 ) administered a sorting task adapted from Chi et 

al. (1981) to determine the bases upon which expert and novice football players 

sorted schematic diagrams. Results showed that novices used superficial 

sorting criteria such as number of players depicted in order to categorize the 

diagrams. The experts' sorting criteria were much more discriminating, thus 

allowing for nonoverlapping clusters of the underlying dynamics (i.e. defensive 

techniques, kicking techniques, running plays) depicted in the diagram. Insight 

into the criteria that open-skill athletes use to categorize allows for inferences 

regarding the elements that they consider relevant in decision-making, which is 

often a limiting factor in open-skill competition (Garland 8 Barry, 1991 ). It 

appears that experts have highly elaborated sorting criteria due to a highly 

organized semantic network in LTM which allows for superior pattern 

recognition. Research in the motor domain has consistently shown that the 



depth of processing, or the ability to abstract underlying principles is a function 

of skill level (Allard 8 Bumett, 1985; Garland 8 Barry, 1 991 ). 

Chase and Ericsson (1981 ) undertook an investigation to evaluate the 

acquisition of expert perfcmance in a digit span task. They tracked the 

performance of a single subject (SF) whom they trained to become an expert at 

the digit span recall paradigm. The task was to recall sequences of random 

digits which were read at a rate of one digit per second. The sequence was 

increased by one digit if SF recalled it in the corred serial order, or it was 

decreased by one digit if SF recalled incorrectly. This same procedure was 

implemented in one-hour sessions, two to five days a week, until the subject had 

accumulated approximately two hundred and fffy houn of practice (Chase & 

Ericsson, 1981 ). When SF first began to practice, his STM capacity was within 

the expected range of five to nine items (Miller, 1956). Similar to most subjects 

when asked to recall random sequences of stimuli, SF initially attempted to 

encode the digits phonemically and rehearse them until he was required to recall 

(Chase 8 Ericsson, 1 981 ). Over the course of two years, SF'S skill level 

increased to where he was able to recall 80 digits. However, when he was given 

consonants to memorize, his STM capacity returned to a level of seven digits. 

It was through an analysis of the subject's verbal reports that the 

development of a detailed mnemonic system was evidenced (Chase & Ericsson, 

1981). SF was an accomplished longdistance runner who learned to encode 

the digits presented to him as running times. In effect, he was using this 



extensive declarative knowledge base to recognize patterns of digits (i.e. world 

record times) and encode them accordingly. SF's STM capacity never increased 

because he never had more than five to nine chunks of digits stored. In 

accordance with skilled memory theory, the digits were successhrlly recalled 

because they were encoded as running times which sewed as retrieval 

structures from LTM. With practice, SF increased his ability to integrate his 

existing semantic memory of longdistance running with that of the digits in STM 

to make them accessible upon recall. The rules of his mnemonic system 

developed to the point where he was able to encode digits that could not be 

encoded as running times. For example, certain combinations of numbers were 

encoded as ages. Also consistent with the tenets of skilled memory theory was 

the finding that both the self-paced encoding and the retrieval times decreased 

with practice (Chase 8 Ericsson, 1981 ). The authors concluded that through 

existing knowledge located within LTM the expert can circumvent the expected 

time and capacity limitations imposed by the information processing system. 

A second subject (ES) participating in Chase and Ericsson's (1 981 ) 

investigation never developed a mnemonic system and withdrew after only two 

weeks of practice. This subject did not show any signs of recall improvement. 

in contrast, another subject (DO) was trained to use SF's mnemonic strategy 

from the beginning of acquisition and displayed a learning curve similar to SF 

(Chase 8 Ericsson, 1981). Thus, the provision of an effective learning strategy, 

or mnemonic was proven useful for the development of digit span expertise. 



A strength of Chase and Ericsson's (t 981 ) digit span research is that the 

progression of skill development was observed, and thus, the cognlive changes 

that accompanied improvements in performan- could be analyzed. Most 

expertise investigations study individuals that are already performing at an 

expert level. Insight into how the skill developed over time cannot be attained 

without a baseline measurement of the expert's initial ability. By studying h e  

parallel cognitive processes, Chase and Ericsson demonstrated that no change 

occurred in SF'S STM capacity. Instead, it was the development of a powerful 

mnemonic system that accounted far performance improvements. This research 

also provided evidence for domain specificity of skilled memory, since transfer 

from digits to consonants effectively brought SF back to the performance level of 

a novice. 

A less contrived investigation of skilled memory performance is Ericsson 

and Polson's (1 988) study of an individual's exceptional memory for restaurant 

orders. An 'expert' waiter (JC) was used to study the retrieval cues incorporated 

during encoding which facilitated the recall of fourcategory dinner orders. JC 

used elaborate mnemonic strategies to chunk several individual items into 

specific categories. At encoding, he generated internal representations of four 

items for each category which served as effective retrieval structures at recall. 

Also in support of skilled memory theory, the time taken for JC to encode these 

orders decreased with practice (Ericsson 8 Polson, 1988). The authors inferred 

the use of LTM processes, since JC correctly recalled a high percentage of 



orders when tested after each session. For surprise recall tests he was also 

able to recall eighty percent of the orden that he encoded during work that day 

(Ericsson & Polson, 1988). A point of divergence from the skilled memory 

framework in this research was JCrs apparent ability to transfer his exceptional 

memory for dinner orders to different stimuli (Ericsson & Polson, 1988). One 

must be skeptical of this conclusion, however, since the structure in which the 

novel information was provided to JC was maintained. Thus, it is possible that 

the mnemonic strategies that JC developed for dinner orden were used to recall 

the transfer stimuli. 

The first test of skilled memory theory in the motor domain was conducted 

by Deakin and Allard in 1991. They demonstrated that many of the memory 

skills characteristic of digit span (SF) and restaurant order (JC) experts are 

similar to closed motor skill experts such as figure skaters. These convergent 

findings may be attributed to the fact that figure skaters, much like SF and JC, 

are required to recall long sequences of domain specific information. 

Deakin and Allard (1 991 ) employed a structuredunstructured recall 

paradigm to discredit a hardware account for superior memory performance by 

their expert group. When subjects were required to recall as much as they could 

in order fiom sequences of eight footwork elements, analysis of variance 

revealed a significant skill level-by-sequence interaction with the experts only 

displaying superior accuracy for the choreographed sequences. In a 

subsequent attempt to determine if it was LTM that was used by the experts for 



encoding and retrieval purposes, the skaters were tested in four recall 

conditions; immediate recall, unfilled delay, counting badmads for 30 seconds, 

and skating for 30 seconds (Deakin 8 Allard, IS91 ). If the skaters were not 

using LTM for encoding purposes, then the interpolated tasks would have 

caused a decrement in recall accuracy. Since the main effect of condition was 

nonsignificant, the authors concluded that figure skaters are similar to other 

skilled-memory experts in that they utilize existing knowledge fmm LTM fur 

learning purposes. Use of LTM was also evidenced by the strong primacy and 

absence of recency effects, which was indicative of strategic processing (Cohen, 

1984; Edmonstone, 1987; Helstrup, 1989). 

Similar to figure skating, ballet dancers are required to commit to memory 

a predetermined program of elements comprising sequences. The more skilled 

the dancer, the greater hisher repertoire for both movements and sequences. 

In 1987, Edmonstone investigated the nature of the memory processes used by 

dancers during recall, with a specific interest in how dancers recall familiar 

elements in a novel sequence. While dancers have a motor program for certain 

elements (dependent upon their skill level), it is not known how these elements 

are encoded into a novel sequence (Edmonstone, 1987). Correlation analyses 

indicated that the higher the skill level of the dancer, the greater the discrepancy 

observed between structured and unstructured recall. A skill level-by-structure 

interaction was also observed, with structured sequences significantly 

discriminating the skill levels. Similar to other researchers, Edmonstone 



concluded that it was the semantic connections between the elements that the 

more highly skilled dancers recognized and used to store movement units in 

LTM. These patterns or associations were not apparent for the unstructured 

sequences, so units of elements could not be successfully encoded. Further 

support for the use of LTM for encoding purposes was provided by a strong 

primacy effect for the choreographed sequences. 

Starkes et al. (1987) studied dancers from the National Ballet School of 

Canada and provided further support for the assumption that structured 

conditions are conducive to the 'chunkingJ of sequences of movements due to 

the expert's ability to 'tapJ hislher LTM. While the expert dancers displayed a 

higher probability of recall, post hoc analyses demonstrated that it was during 

the structured verbal and motor conditions that this superiority was 

demonstrated. In an experiment that tested the expert dancer's ability to recall 

sequences of eight elements in conditions with and without music, no significant 

performance differences were found during the first seven elements. However, 

t-tests conducted for the eighth element indicated that performance suffered 

significantly in the absence of music. While this study provided evidence for the 

influence of music as a mnemonic aid, this finding was not strong, since only one 

element within the sequence was affected. While the use of mnemonic or 

retrieval structures was not evident in Deakin and Allard's (1 991 ) figure skating 

study, it was concluded that perhaps the expert skaters had developed the 

ability to quickly 'tap' their extensive semantic memories. It is worth noting, 



however, that testing during this experiment occurred without music, which may 

prove to be a mnemonic aid in figure skating (Deakin 8 Allard, 1991 ). 

The literature in the field of expertise has consistently provided empirical 

support for the cognitive, or 'software' explanation of skilled performance. When 

applied to the expert memory framework, a number of similarities become 

evident between experts in both motor and cognitive activities. Cognitive and 

motor skill experts alike have the ability to select, encode, and retrieve from LTM 

domain-specific information in a manner that is much different than that of their 

novice counterparts. While memory capacity remains constant, it is an 

elaborate, domain-specific knowledge base that allows exceptional performers to 

use complex mnemonic strategies and retrieval structures that free them from 

potential processing limitations (Dempster, 1 985; Salthouse, 1991 ; Starkes, 

1993). 

Deliberate Practice. 

While skilled memory theory has been primarily concerned with how an 

expert's use of domain specific information translates into exceptional 

performance, the foremost objective of deliberate pradice theorists is the 

determination of how one becomes an expert in hisher domain. Deliberate 

practice represents a most recent move in expertise research towards studying 

exceptional performance without implementing memory tasks (i-e. 5 second 

recall, struduredhnstructured recall). By investigating the actual activities that 

comprise an expert's time, deliberate practice research offers a unique 



understanding of how group differences a m e  as a result of differential 

amounts of time devoted to different activities. Determining the role that specific 

activities play in the development of emrtise has a number of important 

implications for maximizing performance improvements. 

The framework for deliberate practice was originally developed by 

Ericsson et al. (1 993) in their investigation of violinists (i-e. 'music teachers', 

'good violinists', and 'best, most accomplished violinists'), and pianists (i-e. 

amateur pianists and professional pianists) varying in degree of expertise. The 

results of these two studies were very similar. Consistent with the argument of 

the cognitive advantage, Ericsson et al. hypothesized that expert performance 

was the direct result of acquired domain-specific knowledge and its 

accompanying skill. The theory suggested that if the most important elements of 

practice could be determined, and if these specific activities were practiced a 

high proportion of the time, then maximal improvements in performance would 

be observed. In addition, the theory predicted that at least ten years of intense 

preparation emphasizing these activities were needed to reach expert levels of 

performance in any given domain. Thus, innate talent had no role in the theory 

of deliberate practice. 

The four tenets of the deliberate practice framework are outlined by 

Ericsson et al. (1 993). First, there is a direct, positive relationship between level 

of expertise and amount of deliberate practice. Second, deliberate practice 

activities elicit maximal improvements in performance. Third, deliberate practice 



activities are effortful (mental work), and thus, can only be sustained for limited 

amounts of time due to fatigue. Fourth, while deliberate practice activities are 

considered to be highly relevant to performance, they are not inherently 

enjoyable. 

From retrospective questionnaires and diary information, Ericsson et al. 

(1993) identified a number of differences in practice conditions between the 

three groups of violinists. Subjects were provided with a taxonomy of activities 

related to music and everyday activities. First, subjects estimated the amount of 

time that they typically engaged in these activities at various stages in their 

music careers. Second, they rated each activity using a 10-point scale (i-e. 

O=low, 1 O=high) on measures of relevance, effort, and enjoyment. For each 

rating category (i.e. relevance, effort, enjoyment), the mean rating for each 

activity was compared to the grand mean rating for all of the activities. Since no 

systematic between group differences were discovered for these ratings, the 

data were collapsed across the three groups. In addition to the retrospective 

report, a detailed sevenday diary was kept by each subject for reliability 

purposes. No differences were found between the best and the good violinists. 

However, by comparing the retrospective reports with the diary data, it was 

determined that the best violinists were more accurate than the other groups at 

determining the amount of time spent engaging in leisure pursuits. This 

indicated to the researchers that perhaps the best groups were more precise 

because of their more structured involvement in music. 



Wth respect to the estimates of accumulated amounts of practice until 

eighteen years of age, the best violinists (7410 hours) had practiced significantly 

more than the good violinists (5301 houn) who, in turn, had practiced 

significantly more than the music teachers (3420 hours). In comparison, by 

eighteen years of age the professional pianists (7606 houn) had practiced 

significantly more than the amateurs (1 606 hours). It is important to note that 

these estimates represented the number of hours spent practicing the 

violinlpiano alone, which was the activity considered most relevant to 

performance. According to these data there was complete agreement for the 

positive relationship between accumulated deliberate practice and degree of 

expertise. 

Also consistent with the deliberate practice framework were the activities 

rated both extremely relevant and efforKul. The high ratings of effort for 

practicing alone were supported by their limited duration and estimates of time 

spent sleeping. While no differences were found between the best and good 

violinists, these two groups slept (60 hourshwek) significantly more than the 

music teachers (54.6 hourslweek), which was thought to indicate the relative 

fatigue that resulted from differential amounts of time spent practicing alone. 

However, the amount of sleep did not differentiate between the professional and 

amateur pianists. 

A third line of support cited by Ericsson at al. (1 993) was of those 

activities considered highly pleasurable, only group performance and listening to 



music were rated as highly relevant to performance improvement. One must 

question these conclusions, however, since none of the highly relevant activities 

were significantly lower than the grand mean for pleasure. 

Within the past two yean, a number of investigations have been 

co-nduded with the purpose of assessing whether the deliberate practice 

framework would transfer to the athletic domain (Helsen & Starkes, 1996; 

Hodges 8 Starkes, 1996; Starkes et al., 1996b; Starkes, Helsen, & Hodges, 

1996a). Starkes et al., (1 996b) investigated the role of deliberate practice in 

wrestling and figure skating expertise. The wrestling research considered four 

groups; current club, retired club, current international, and retired international 

wrestlers. The figure skating research consisted of athletes on the national and 

junior national teams. In an attempt to determine which activities constituted 

deliberate practice, a number of activities were divided into four groups; practice 

alone, practice with others, activities related to wrestlinglfigure skating, and 

everyday activities not related to mestlinglfigure skating. Similar to Ericsson et 

al.'s (1993) musicians, the athletes estimated the amount of time they typically 

spent in each activity at various times throughout their career. They also rated 

the activities according to relevance to performance improvement, effort 

(physical work) required, concentration (mental work) required, and enjoyment 

experienced. As a reliability check for the retrospective information, this study 

also had subjects keep a week-long diary of their participation in various 

activities. For these data there were no activities that rated both highly relevant 



and significantly lower than the grand mean for enjoyment In fact, activities 

such as working with a coach, mat work for the wrestlers, and on-ice training for 

the skaters rated significantly higher than the grand mean for both relevance and 

enjoyment Research into the team sports of soccer and field hockey has 

corroborated many &the findings reported in the figure skating and wrestling 

investigations (Helsen & Starkes, 1996; Starkes et al., 1996a). 

Some similarities between the music research and the research 

conducted with athletes concern the activities that are deemed most relevant to 

performance. Both have determined that it is the activities most related to what 

individuals do during their actual performance (i-e. practice playing the violin, 

mat work, on-ice training, games and tactics, technical skills), and work with a 

mentor (i-e. violin lessons, work with coach) that are most important (Ericsson et 

af., 1993; Helsen & Starkes, 1996; Starkes et a(., 1996a; Starkes et al., l996b). 

In addition, there appears to be a close, monotonic relationship between athletes 

and musicians for cumulative hours of practice at different stages in their 

careers. 

While Ericsson et al. (1 993) have introduced an invaluable method for 

studying expertise in a most natural form, they have experienced some difficulty 

in providing empirical support for some of the theory's basic tenets. 

Furthermore, the research conducted by Starkes el al. (1 996b) failed to provide 

support for any activities that fit the definition of deliberate practice as outlined 

above. Contrary to the framework, wrestlers and figure skaters enjoyed 



engaging in the activities that they considered to be highly relevant to 

performance in their specific domains. Conforming with the framework, however, 

was a strong positive correlation between relevance and effort or concentration 

required. 

The potential for maximizing improvements in performance is an important 

implication of deliberate practice research, however, as of yet there is not a clear 

working definition of which activities constitute deliberate practice. While 

Ericsson et al.'s (1 993) original theory was general so as to apply to other areas 

of expertise, research in the athletic domain has demonstrated that if the theory 

of deliberate practice is to be effectively applied, its basic principles must be 

adapted (Starkes et al., 1996b). 

Maximizina Performance Im~rovernents. 

While a number of studies have illustrated that cognitive attributes 

outweigh hardware characteristics when investigating expertnovice differences, 

very few have attempted to account for how an understanding of this cognitive 

advantage can be used to hasten expertise (McPherson & French, 1991 ; 

Thomas, French, & Humphries, 1986). Given that the primary goal of 

coachinglinstnrdion is to facilitate the development of domain-specific 

knowledge structures, it is surprising that more research has not addressed this 

specific issue (Newell, Rosenbloom, & Laird, 1989). Insight into how an elite 

athlete acquires the classic cognitive ('knowing') advantage has many practical 

implications for helping novices to achieve their maximal potential. 



\Illhen a new motor skill is acquired, it is critical that the learner 

remembers how to repetitively execute the same movements in a similar manner 

if helshe is to become proficient in activities such as figure skating, ballet, or the 

martial arts. If the correct movement is to be recalled, a sufficient amount of 

information must be encoded, stored, and be accessible for recall purposes. 

There are a number of charaderistics that influence these memory processes; 

characteristics that can be manipulated so as to facilitate the aquisition of a 

motor skill (Magill, 1 984). An important influence on remembering movement 

information is the degree of meaning inherent to the movement itself (Magill, 

1 984). Specifically, a movement will be considered meaningful if it is paired with 

prior knowledge (Bellezza, 1982). 

The research conducted in the motor domain has been limited to 

semicircular positioning w computer joystick tasks in the recall of discrete 

movement information (Reeve 8 Proctor, 1983; Ho 8 Shea, 1978; Shea, 1977; 

Winther 8 Thomas, 1 981 ). Interest in motor research on the facilitation of recall 

has not gone beyond defining meaning as the pairing of simple verbal labels 

with these discrete movements. The practical implications that this research has 

for motor skill acquisition are that it becomes apparent that there are a number 

of strategies that the leamerlinstructor can use to increase the meaningfulness 

of a movement. Through the processes of labeling (pairing movement with a 

useful label) or elaboration (adding additional information), memory for a 

discrete positioning skill can be significantly improved (Magill, 1984). Since 



these positioning tasks are not representative of the skilled movements required 

of the ballet dancer, figure skater, or martial artist, relevant parallels cannot be 

drawn between these tasks and complex movements required of the athlete. 

In direct contrast with work in the motor domain, the cognitive domain 

reports many investigations aimed at understanding how memory can be 

improved and learning hastened. For example, Chase and Ericsson (1 981 ) 

demonstrated that digit-span expertise may be hastened if a subject (DD) is 

provided with a usehl mnemonic strategy fmm the beginning of acquisition. 

Similar to SF, OD was also a long distance runner and was able to benefit fKnn 

SF'S strategy of encoding digits as running times. 

Research into the utility of musical mnemonics for remembering text is 

most common (Bartlett & Snelus, 1980; Chazin & Neuschatz, 1990; Rubin, 1977; 

Smggs 8 Brigham, 1991; Wallace, 1994). The melody that accompanies the 

text is another piece of information, so it must provide more than just a unique 

context or it will place excessive demands on recall effort. Using 

undergraduates as subjects. Wallace (1 994) investigated whether the 

accompaniment of music could be used to improve recall accuracy. Over five 

recall trials, subjects were exposed to three verses of a novel ballad in either a 

sung or spoken condition. Analyses showed that while verbatim recall was 

significantly greater for the sung condition, a significant trial-by-condition 

interaction indicated that on the first trial the benefit of melody was not observed. 

A twenty-minute retention trial also illustrated the beneficial influence that music 



can have for text recall. Wallace suggested that it was the repetitive nature of 

the melody that benefited recall performance. Specifically, it was not until the 

melody was learned by the subject that the advantage of its accompaniment with 

the text was observed. Repetition facilitates recall because of the accompanying 

decrease in processing demands. Without repetition, the potential that the 

information inherent in the melody has for text recall will not be demonstrated 

(Wallace, 1 994). 

Recall will be facilitated if any stimulus is effective in elaborating upon a 

number of properties contained within the text (Crowdsr, Serafine, 8 Repp, 

1991 ). With respect to this issue, Wallace (1 994) also manipulated the amount 

of exposure to the melody. In the previous experiment, subjects heard the 

melody three times for each trial, while in the second experiment subjects were 

exposed to the melody only once for each trial (the melody did not repeat for 

each verse). Results of this experiment demonstrated that if the melody was not 

completely learned, it did not prove beneficial to verbatim recall. The presence 

of the single verse melody actually proved to be more of a distractor to recall 

effort. Thus, in the absence of repetition the meaningful information inherent to 

the melody is not easily learned. Only after repetition and sufficient learning of 

the music will the information within the melody be accentuated and recall 

improved. 

Wallace (1 994) also conducted an experiment to ascertain whether it is 

only rhythmical information that the melody provides when paired with text. 



Subjects were assigned to either a sung or a spoken condition that included 

rhythmically stressed syllables accompanied by a background metronome beat 

If music only provided rhythmical information, then there should be no between 

group differences for verbal recall performance. Analyses confinned that the 

performance of the music condition was superior to the rhythmically spoken 

condition. Analyses conducted on ermr data also showed that the sung 

condition was more accurate in recalling the correct number of syllables present 

in each line. Thus, music provided much more than just rhythmical information 

when paired with text (Chazin & Neuschatz, 1990; Scruggs 8 Brigham, 1991 ; 

Wallace, 1994). It was the abstraction of information that results from this 

pairing that enhances memory. It may be used as a valuable mnemonic aid that 

increases the meaning of the text by chunking words within the text, and 

determines the length of text lines, thus putting specific constraints on the 

number of possible responses (Wallace, 1994). As an access point, merely 

thinking about a specific part of the melody will trigger the text that coincides 

with f hat location, 

Considering the motor domain and the finding by Stakes et al. (1987) 

that music served as a mnemonic aid for the last element of a structured ballet 

sequence, it may have been the richness of the information provided by the 

interaction with the music that elicited improved recall for the last element. 

Perhaps the association of the music with the elements created a context that 



accentuated the structure of the sequence, providing information beyond that 

which could be provided by simple verbal labels. 

Helstrup (1 993) investigated whether simple, subjed-perfonned tasks 

could be integrated with verbal contextual information to improve recall. 

Specifically, he studied whether a loci mnemonic (agent, time, place) at the time 

of encoding of a verb-noun action (i-e. brushing teeth) would benefit recall of a 

list of actions. Helstrup hypothesized that whiie item-ditferentiation would not 

enhance recall, relational encoding would have a beneficial memory effect 

because the actions would become strung together within a common framework 

According to this argument, providing item-specific contexts would be ineffective 

because the actions themselves were already unique so adding extra 

information would not improve recall. While a main effect of context was 

reported, the author did not provide post hoc results to indicate significant 

differences between the three context conditions; no context, item-specific, 

whole context plus item-specific. However, it does appear that recall was 

enhanced by the provision of some form of context. It should be noted that for 

the third experiment, subjects were only tested for free recall performance. In 

accordance with Roediger (1 W O ) ,  a more obvious mnemonic advantage of 

context may have been elicited if serial recall had been measured. '[Slome 

experimental failures to show that mnemonic devices are effective may have 

been due to testing only item information' (p. 560). Also, Helstrup (1993) asked 

his subjects to perform only one recall trial. Since the subjects were far from 



100% free recall accuracy, perhaps the benefin of context would have become 

more apparent had additional trials been allotted so as to ensure that the context 

had been integrated. 

The eff8Cf that context has on recall accuracy for an applied motor skill is 

currently unknown. The present study will attempt to identify this relationship. It 

seems intuitive to hypothesize that l it is to be beneficial, the context must be 

considered meaningful at h e  time of encoding, and be successfully integrated 

with the motor information SO that it may provide memory tags for the elements 

when recalling the motor sequences. These expectations are primarily 

grounded in both the expertise literature and the research that has wnsidered 

the facilitative affect that music and verbal elaboration has on recall. It is 

anticipated that including a context with the demonstration of structured motor 

sequences will accentuate the semantic relationships between the elements for 

the novices. This elaboration will not be needed by the experts, since they have 

developed the ability to 'see' the inherent structure of the sequence and create 

their own internal context- It is not expected that the benefit of context will be 

apparent on the first exposure, as it will not be until the context is learned that an 

advantage will be observed. From an instructional point of view, if recall is more 

accurate in the presence of context, such a strategy would be valuable in 

hastening the acquisition of novel motor sequences. 

For every new domain that is studied. the possibility of a 'hardware' 

explanation for skilled memory performance must be considered (Edmonstone, 



1987). Through the use of a structured-nstruchrred recall experiment, it is 

anticipated that the present investigation will demonstrate the classic skill-by- 

structure interaction that has been consistently observed in the expertise 

literature. While not a representative task, this is a valuable paradigm used to 

infer that an expert's superior performance is not due to a larger structural 

capacity, but instead, results from reliance on an elaborate LTM base of skill- 

specific information. 

Wth respect to the deliberate practice research, further work is needed 

for a better understanding of the amount and distribution of specific activities 

that exceptional performers engage in. This study will attempt to further the 

current understanding of the activities that constitute deliberate practice in the 

athletic domain. It is anticipated that ratings for relevance, effort, concentration, 

and enjoyment will be similar to Stakes et al.'s (1996) figure skating and 

wrestling data. From an instructional point of view, an accurate picture of the 

activities that are considered most relevant to performance, along with 

knowledge of the amount of time experts engage in different activities has 

important implications regarding the design of effective training schedules. 



Method 

Subjects 

Two groups of ten students participating in the Martial Arts Canada 

programme (chikarajitsu) served as subjects for this investigation. One group 

(expert; 3 agerl8.4 yrs.) were first-degree black belt students, while the other 

group (novice; n age=17.4 p.) was comprised of both green and orange belt 

participants. The novice group had an average of 1 .=.4 years of karate 

experience, while the expert group had approximately 6.a1 .I years. Individual 

subjects were matched by age between groups with the overall age range of the 

sample being between thirteen and twenty-six years. Subjects were familiar with 

and physically capable of performing the techniques that were demonstrated in 

the various sequences (kata). 

Apparatus 

A video camera (Quasar X12) was used to record an expert 

demonstration of four kata for each of two experiments. Testing sessions were 

also recorded for subsequent scoring purposes. The model chosen to 

demonstrate the sequences was a third-degree black belt instructor in the 

Martial Arts Canada programme. He created the novel kata that were used in 

both experiments. He, with a seconddegree black belt instructor, scored the 

data following collection. 

For the first experiment four kata were demonstrated in one of two 

conditions; with context or without. The first kata was comprised of fourteen 



elements, while the second and third kata had thirteen elements each. The 

fourth kata contained twentytwo elements. Context was defined as the verbal 

elaboration, beyond labeling, of the techniques within the specific kata. The 

kata with context were depicted as a 'battle', where the model described during 

the demonstration, the techniques that he used in a battle against various 

imaginary attacken. The techniques used were elaborated upon by describing 

the intent of each technique (i.e. offensive or defensive), where he was aiming, 

if the technique was blocked or landed, and whether it was countered. In the no- 

context condition the same demonstrations were used with the commentary 

removed. The demonstrations were performed at a speed that was slow enough 

for the individual techniques to be recognized, but not so slow so as to disrupt 

the flow of the sequence (approximately 3 4  seconds per element). 

For each kata, the model first executed the whole sequence, then broke it 

down into units of movement in only one direction, and finally executed the 

whole kata one final time. All of the kata were novel, with the stipulation that no 

two sequentially dependent techniques in one kata were repeated in another. 

Subjects were exposed to all four kata. For each kata half of the subjects in 

each group viewed it with context. 

During the second experiment, two structured and two unstructured kata 

were demonstrated. The first and second structured kata contained twenty-four 

and twelve elements, respectively, while both of the unstructured kata were 

comprised of nine elements . A structured kata was defined as a sequence of 



techniques that progressed in a logical fashion. An unstructured kata was 

defined as a sequence that followed no logical progression, but instead 

represented the random compilation of a number of techniques. Each kata was 

demonstrated two times without context, at a speed that was slow enough for the 

individual techniques to be recognized (approximately 2 seconds per element). 

All subjects were exposed to both of the structured and both of the unstructured 

kata . 

A paper and pencil questionnaire was used to gather information related 

to the length of time that subjects had been involved in the martial arts, the 

amount of time per week they practiced. and other information related to their 

involvement in this area. The design of the questionnaire was similar to that 

used by Starkes et al. (1 996b). A total of 31 activities relevant to martial arts 

training were determined in advance with an expert martial arts instructor, and 

were broken down into four categories; practicing with others, practicing alone, 

other practice related activities. and everyday activities unrelated to karate. 

Subjects were required to estimate the amount of time from their first year of 

karate and for every second year until the present that they spent participating in 

these activities. A number of time ranges were provided from which the subjects 

could choose, however they were encouraged to provide exact time estimates 

when possible. In addition, they were required to rate each activity on a scale 

from 0 (low) to 10 (high) for: relevance to improving karate performance, effort 

(physical work) required to perform the activity, enjoyment gained from 



participating in the activity, and concentration (mental work) required to perform 

the activity. 

Procedure 

Testing took place at the martial arts school where the subject 

participated. Subjects were tested individually to control for the influence of 

others. Participation in both experiments and completion of the questionnaire 

occurred during one session that lasted approximately ninety minutes. 

Upon arrival, subjects were given detailed instructions regarding the 

format of the questionnaire and the manner in which the different sections 

should be completed. Since the biographic section asked subjects to provide a 

record of dates concerning their advancement through the martial arts system 

and participation in clinicslseminars and competitions, subjects were asked to 

bring a record of these dates with them in order to avoid speculation. 

The first experiment was completed following the questionnaire, with the 

exception of five subjects who completed the questionnaire following the motor 

recall experiments. The order of exposure to kata with context and without 

context was counterbalanced. Subjects observed a video demonstration of four 

kata. The first and third demonstration represented a full demonstration of the 

kata in its entirety. The second demonstration involved a breakdown of the 

original kata into segments, with each segment involving movement of the model 

in only one direction. For the kata that were observed without context, a final 

whole demonstration was provided with context. Following each demonstration, 



subjects physically replicated the sequencelsegment that had been observed. 

This same procedure was used for all four of the kata in the first experiment. A 

summary of the design for the first experiment is presented in Table 1. 

Following the context versus no context experiment, subjects completed 

the second experiment. The order of exposure to the structured and 

unstructured kata was also counterbalanced. Subjects observed the 

demonstration of four more kata, hnro times each. Subjects physically replicated 

each sequence following the second demonstration. 

TABLE 1 
CONTEXT VERSUS NO CONTEXT ON MOTOR RECALL 

ACQUISITION OF KATA 
- -- 

Trial 1 

demo 
whole 
kata, 
then 
recall 

- - - - - - -- - - . . 

Breakdown f6l 

(segmental r e d  I) 

- 

see see see see 
techniques techniques techniques techniques 
to the left to the right in forward in 

wiWwithout witmthout direction, backward 
context, context, then then recall direction, 

then recall recall then recall 

Experimental Design 

---- - 

Trial 2 

demo 
whole 

kata, then 
recall 

Final Trial 
for No 
Context 

Kata 

for kata 
without 
context, 
one final 
demo of 

whole kata 
with 

context, 
then recall 

The independent measures for the first experiment were skill level 

(expert, novice), condition (with context or without), and trial (3). The 

independent variables for the second experiment were skill level (expert, 



novice), and structure (structured, unstructured). For both experiments the 

dependent measures were absolute and serial position accuracy. Serial 

accuracy is a very strict test of memory, since the elements must be recalled in 

the exad order they were demonstrated. Displacement of an item at the 

beginning of recall results in all subsequent items being scored as incorrect. 

Absolute accuracy is a much less stringent test of recall because displacement 

of elements does not have a negative effed on the score; the only requirement 

is that the element is recalled, regardless of its serial position within the 

sequence. The rationale behind studying both serial position and absolute 

accuracy is that one measure provides information that would be masked by the 

other. Major difrences between the two scores would indicate a general 

recollection of the demonstrated elements with an inability to recall their precise 

serial order. Since the sequences were comprised of different numbers of 

elements, the accuracy measures were expressed as percentages for purposes 

of comparison. Analyses were run at a significance level of .05. Tukey LSD 

post hocs were used to determine where difrences were located for significant 

main effects and interactions. 

Questionnaire Data 

Several analyses were conducted on the information provided by the 

questionnaire in order to make both between and within group comparisons. 

Subjects used the scale (0-1 0 )  to rate the four categories of activities on 

dimensions of concentration, effort, enjoyment, and relevance. Bonferroni 1-tests 



were used (at pc05/31=.0016) to determine the values that were significantly 

higher and lower than the grand mean for the ratings of relevance, Mort, 

concentration, and enjoyment Since there were no systematic between group 

differences (determined with independent Wests), the rating data were collapsed 

across the expert and novice groups. Finally, a Spearman correlation analysis 

was conducted to evaluate the interrelationships between the four dimensions 

on which each activity was rated. 

Regarding the time data, analyses of variance ( ~ ~ 0 5 )  were conducted to 

determine whether experts and novices were spending differential amounts of 

time engaged in practice. Since the novices had been involved for an average 

of 1.2 years, between group comparisons could only be made for the first year of 

participation. For this analysis, both groups were required to estimate the 

number of hours per week that they participated in the activities, which were 

grouped into four different categories. From these data it was determined 

whether there were group differences during the first year of participation for 

both total time spent per week in all karate-related activities, and the amount of 

time that was spent participating in those activities considered most relevant. 

Since all of the experts had been involved in karate for at least five years, 

further analyses of their retrospective time estimates were conducted to 

determine whether. they were spending differential amounts of time engaged in 

different activities as a function of year. That is, the first year, third year, black 

belt year, and most recent year of participation were compared for both total time 



per week engaged in all karate related activities, and time per week devoted to 

the significantly relevant activities. 



Results 

The data from both expert scorers were compared to establish a measure 

of inter-rater reliability. Correlation analyses revealed that 98% of the variance 

of the first scorer's struduredunstrudured data could be accounted for by the 

second scorer (F-99, ?=.98), p-cO5. For the context-no context experiment, 

approximately 81 % of the first scorer's data could be predicted by the second 

scorer (r=-90, ?=.81), p ~ O 5 .  Due to the high degree of agreement between the 

experts, only one scorer's data was used for the following analyses. 

Emeriment 1 : Context - No Context Analvsis, 

The results of a test of normality across variables revealed that both the 

serial position and absolute accuracy data for this experiment required power 

transformations. All analyses were run on both the raw and transformed data. 

With only one exception, results were similar for the serial position data. For 

ease of interpretation, results of the analyses on the raw data will be reported. 

In light of the fact that the serial accuracy and the absolute accuracy results 

were very similar, the serial accuracy results will be reported unless othewise 

noted. 

A 2 (skill level) X 2 (condition) X 3 (trial) ANOVA with repeated measures 

on the second and third factors was conducted for the purpose of determining 

whether the presence of context had an affect on recall performance, and 

whether this effect was dependent upon skill level. While each segment in the 

breakdown trial represented movement in only one direction, each kata had 



a different number of segments. Thus. the scores were collapsed across 

segments in order to create an overall measurement of accuracy. For the serial 

accuracy analysis, there were main effects of Group, E(1,18)= 5.80, pc05, 

MSe=1807.73, and Trial, E(2,36)= 55.63, p c  001, MSe= 202.1 1, and a Group - 
by - Condition - by - Trial interaction, E(2.36)=3.63, pc05, MSe= 188.14. Tukey 

LSD post hocs showed that the novice group with context on the first recall trial 

created the three-way interaction that is illustrated in Figure 1. Specifically, the 

differential effect of group across condition and recall trials was elicited by the 

significantly inferior performance of this condition in comparison to all others. 

Experts and novices, both with and without context, significantly improved their 

recall performance from the first whole Wal to the breakdown trial. Serial recall 

was maintained by both groups, regardless of condition, for the second whole 

recall trial following the breakdown. A final observation to note in this analysis is 

the fact that the expert group's recall performance was always superior to the 

novice's, with the exception of the second whole recall trial with context. 

A pre-posttest design was created in order to evaluate the effects of the 

breakdown trial on recall accuracy. That is, a 2 (skill level) X 2 (condition) X 2 

(trial) ANOVA with repeated measures on the last two factors was performed to 

assess accuracy on the first and third recall trial where the entire kata was 

demonstrated. A main effect of Group, E(1,18)= 5.12, pe05, MSe= 1553.46, 

revealed that the expert group was more accurate than the novice group. The 

Trial effect, E(1,18)= 65.69, pc001, MSe= 227.38, indicated that there was a 
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Figure 1. Group X Condition X Trial Interaction with Breakdown 



significant improvement in recall performance between the first and second 

trials. Post hoc comparisons of the Group - by - Condition - by - Trial interaction, 

F (1 , 1 8)= 5.93, pc05, We= 226.80, convey a number of points of interest. First. 
I 

both groups improved significantly from the first trial to the second, regardless of 

condition. Second, on the first trial the novice group was less accurate with 

context than without. Third, by the second trial the novice group with context 

reached the level of the novice group without context- Fourth, expert recall was 

always superior to the novice, except for the second trial with context it was in 

this analysis that the transformed serial position data made a difference. Where 

the raw analysis reported a non-significant difference in recall for the expert 

groups on the second trial, the transforrned analysis showed that the experts 

were more accurate in the absence of context The untransfomed three-way 

interaction is illustrated in Figure 2. 

A 2 (skill level) X 3 (trial) ANOVA with repeated measures on the second 

factor was conducted on the no context data for the purpose of determining 

whether adding a trial with context after two without context influenced recall. 

Higher serial recall by the experts was evidenced by the main effect of Group, 

F(1,18)= 5.59, ~ ~ 0 5 ,  MSe= 1203.91 . An effect of Rial, E(2,36)= 28.00, p<. 0 1 , - 
MSe= 132.83, was also observed. Post hoc analyses showed that the first trial - 
without context was less accurate than the second trial without context and the 

third trial with context, while recall for the second and third trials was similar. 

The means for the serial accuracy data are found in Table 2. 
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Figure 2. Group X Condition X Trial Interaction 



TABLE 2- CONTEXT - NO CONTEXT EXPERIMENT 
MEAN VALUES FOR SERIAL ACCURACY (%) WITH THE ADDITION OF 

CONTEXT 

VARIABLE LEVEL OF 
SIGNIFICANCE 

GROUP NOVICE EXPERT pc05 
- - 

TRIAL 1 2 3 (context) p ~ 0 0 1  
58.0 81 -6 81 -5 

Exmriment 2: Structured - Unstructured Analvsis. 

The purpose of this analysis was to determine whether skilled memory 

performance in the martial arts was conditional upon skill level and structured, 

domain-specific information. All variables were normally distributed. Due to the 

similarities between the serial and absolute accuracy results, the serial accuracy 

analyses will be reported unless otherwise noted. 

A 2 (skill level) X 2 (structure) analysis of variance (ANOVA) with 

repeated measures on the second factor was conducted to ascertain whether 

the typical skill-by-structure interaction was evident in this experiment. In 

addition to significant main effects for Group. E(1.18)= 4.85, p<.OS, MSe= 

71 4.47, and Structure, E(1,18)= 23.1 0, pcOO1, MSe= 21 9.05, Tukey LSD post 

hoc analysis on the interaction, r(i ,I 8)= 4.28, pc05, MSe= 21 9.05, confirmed 

that the expert's performance was superior to the novice's for the structured 

sequences. The interaction is presented in Figure 3. Performance by the 
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Figure 3. Group X Structure Interaction 



novice group was not difrentially affected by the quality of information, while 

the expert group's performance was significantly less accurate for the 

unstructured kata. Main effects of Group, r(1,18)=6.16, pc05, MSe394.24, 

and Structure, E(l,l8)=l62.60. p c  001, MSe=119.83, were also observed in the 

absolute accuracy analysis, however the Groupby-Structure interaction was not 

significant 

Deliberate Practice Questionnaire. 

Activity Ratings 

Independent 1-tests with Bonferroni adjustments revealed that experts and 

novices had similar views regarding the relevance, effort, enjoyment, and 

concentration associated with the thirtyone activities that were listed in the 

questionnaire. Therefore, the rating data were collapsed across both groups. 

The collapsed means for concentration. effort, enjoyment, and relevance are 

illustrated in Table 3. The means that were significantly higher than the grand 

mean for that particular dimension are represented by a superscript 'H", while 

those that were significantly lower than the grand mean have an 'L". Significant 

differences were determined with dependent t-tests that had a Bonfemi  

adjustment applied (pc05/31=.0016). 

Practice With Others 

Sparring, group classes, kata training, and impact training were activities 

that received significantly high ratings for all four dimensions. Flexibility training 



TABLE 3 
MEAN VALUES FOR CONCENTRATION, EFFORT, ENJOYMENT, and RELEVANCE 

Mean concentration, effort, enjoyment, and relevance ratings, collapsed across expert 
and novice groups. Bonfemni's adjustment was used to determine which acMties 
were significantly higher (H) or lower (L) than the grand mean (p~0016). 

r 

Pmctice With Others ' 
spaning 

I 

weight training , 
jogging 

flexibility training 
swimming 

cyding 
group classes 
kata training 

impact training 
Pnctice Alom 

I 

weight training 
flexibility training 

jogging 
alone with instnrctor 

videos 
swimming 

cyding 
kata training 
bag training 

Related to Karate 
diet/nmon 

training journal 
watch karate 

read karate theory 
instruct 

professional conversation 
mental rehearsal 

seminars 
Unrelated to Karate 

sleep 
school 

active leisure 
work 

nonactive leisure 

Concuntmtion 
GW6.51 

8-65"' 
6-74 
4-70 
8-55 
5.05 
4.95 
9-30 " 
9.45 
8.26 

7.25 
7-95 
4.85 

.. 8-35 
4.73 
4.75 
6.05 
9.45H 
7.84 

Etiort 
GMe.56 

8.95 
8.16 
7.20 

9.00 " 
5.70 
6.05 
9.05 ti 
8.85 
9-00 

8.20 
8.80 
6.55 
8.00 
1.63 
5.50 
6.60 

9.05 
8.42 

Enjoymnt 
GMe.66 

8-55 
6.28 
3-65 
7-10 
5-70 
7.25 

9.35 PI 

8.55 
8.74 " 

6-00 
4.90 
5.15 
5.00 
8.30 
6.16 
7.42 
7.35 

Relevance 
. GM6.70 

8-85 " 
6-11 
5-05 
9-00 
3.50~- pp 
4.35 
9.80 " 
9.50 
9.26 

6-1 1 1 6-95 
6.55 
3-65 
8-1 1 
5.32 
5.30 
7.95 

8.80 
7-63 

5-65 
4.65 
3.45 
3.60 
7.65 
4-79 
6.42 
7.45 

8-45 " I 

4-90 
7.45 - 
4.58 
3.30 
5.35 
8.30 
7-37 

2.05 
8.30 
6.06 
5.84 
2.88 

4.45 
3.05 
6.30 
4.85 
7.75 
6.26 
6-32 
7.95 

7.75 
5-55 
6.15 
5.65 
8.55 
6-74 
7.32 
7.60 

2.05 
6.05 
7.06 
7.22 
2.50 

8.90 ti 
6-05 
8-89 " 
4.78 
6.38 

8.70 , 

6.35 
7.32 
3.63 ' 
3.31 



received high ratings for both concentration and Mor t  Jogging received a 

rating significantly lower than the grand mean for enjoyment, while swimming 

was rated lower for relevance. 

Practice Alone 

Kata training was rated significantly higher than the overall mean on all 

four dimensions. Flexibility training received a significantly higher rating for both 

Mort and relevance. Watching karate videos was lower than the grand mean 

for physical effort, while swimming was deemed irrelevant to karate performance. 

Activities Related to Karate 

There were not any activities rated significantly higher than the overall 

mean for relevance, enjoyment, effort, or concentration. Keeping a training 

journal was rated significantly lower for enjoyrnent Both watching karate and 

reading karate theory received ratings that were significantly lower than the 

grand mean for physical effort. 

Everyday Activities (Unrelated to Karate) 

Sleep and active leisure were both rated significantly higher than the 

overall mean for enjoyment. Nonactive leisure was significantly lower than the 

grand mean for concentration, effort, and relevance. Work was deemed 

irrelevant, while sleep received significantly lower ratings for concentration and 

effort. 

A Spearman correlation analysis was conducted to assess the 

interrelationships between the four dimensions for all of the activities related to 



karate. Results showed that relevance was most highly correlated with 

concentration ( ~ 9 2 ,  n=26, p401), however it was also significantly related to 

effort (r=-77, n=26, pd01), and enjoyment ( ~ 7 2 ,  n=26, pc001). Concentration 

was highly correlated with both effort (r=.82, n=26, pcWl), and enjoyment 

( ~ 8 4 ,  n=26, p<OOl), while Vle relationship between effort and enjoyment was 

also significant (r=.73, n=26, p c  00 1 ). 

Retrospective Time Estimates 

An independent t-test, t(l8)=.98, p.34, reported that experts and novices 

were very similar, considering the total number of hours they spent per week 

participating in all of the karate-related activities (i-e. practice alone, practice 

with others, karate-related activities)(novice, W35.3 hrskeek; expert, M=27.6 

hrslweek). A second independent t-test, t(l8)=--36, p.72,  was performed to 

ascertain whether the two groups were spending differential amounts of time 

engaged in the most relevant activities during the first year of their martial arts 

careen (novice, M=12.8 hrsheek; expert, M=13.7). Of the thirty-one activities 

provided, sparring, group classes, impact training, flexibility training alone, and 

kata training alone and with others, were considered most relevant to martial arts 

performance. The absence of a Group effect indicated that both groups were 

spending similar amounts of time engaged in highly relevant activities. 

Expressed as a percentage of total time, the novice and expert groups spent 

36% and 50%, respectively, of their time engaged in those activities deemed 

most relevant. 



A one-way ANOVA with repeated measures (first year, third year, black 

belt year, most recent year) was conducted to determine whether the total 

amount of time spent per week in all activities related to karate changed as a 

function of year. Since one subject's black belt year and most recent year were 

not mutually exclusive, the average time spent during the most recent year of 

participation is representative of only nine subjects. Tukey LSD post hocs of the 

main effect of Year, 5(3,27)=8.41, p<. 00 1, MSe=188.11, indicated a steady 

increase in time devoted to karate-ralated activities until the year that the 

experts received their black belt (first year, M=27.6 hrsheek third year, M=41.4 

hrshnreek; black belt year, M=58.0 hrsheek). A decrease in participation in 

these activities was observed between the black belt year and most recent year 

of participation (M=46.1 hrskeek), however this difference did not reach the 

conventional levels of significance (p=.064). 

A one-way ANOVA on year was conducted to assess whether the number 

of houn spent per week in highly relevant activities was influenced by the 

specific year of the expert's career. Post hoc analyses of the Year effect. 

F(3,27)=3.48, pe.05, MSez76.72, reported a significant increase in time spent - 
from the third year to the year that the student received hislher black belt (third 

year, M=19.0; black belt year, M=26.2). Once again, the decrease in time spent 

between the black belt year (M=18.3) and most recent year approached 

conventional levels of significance (p=.054). For the first, third, and black belt 

year, participation in the six significantly relevant activities comprised 50%. 46016, 



and 45%, respectively, of the total time engaged in karate-related activities. For 

the most recent year of involvement, 40% of the expert's total time was 

comprised of these highly relevant activities. 



Discussion 

Context-No Context Recall. 

Similar to other closed-skill athletes such as ballet dancers and figure 

skaters, martial artists must learn a required programme of elements and 

sequences in order to advance through various belt classifications. One can 

assume that the higher the belt level, the more techniques and complex 

sequences within the student's repertoire. Essentially, each kata represents a 

combination of techniques that are used to w a r d d  imaginary attackers. The 

kata are symmetrical, meaning that the techniques used against the attacker to 

the right are then repeated when battling an attacker who is coming from the left. 

An important part of determining success in the martial arts is the ability of the 

student to commit these prescribed kata to memory. In accordance, a large 

portion of class time is devoted to studying novel techniques and kata. 

A strategy often used by martial arts instructors is to provide a verbal 

context when demonstrating novel kata to their students. Intuitively such a 

strategy makes sense, since the structure inherent in the sequence of 

techniques is elaborated upon. As a result of this attempt to make the sequence 

more meaningful, instructors expect that performance will be enhanced when 

their students are later required to replicate the sequence. 

The present investigation represents the first attempt to determine 

whether an accompanying context is effective in improving recall of novel motor 

sequences. Recall that the cognitive literature has proposed that a mnemonic 



aid, whether it be music or verbal elaboration, paired with target information at 

encoding can prove beneficial at recall (Chase 8 Ericsson. 1981 ; Chazin & 

Neuochatz, 1 990; Helstrup, 1 993; Scruggs 8 Brigham, 1 991 ; Wallace, 1 994). 

Thus, it was hypothesized that a verbal context may be valuable as a mnemonic 

aid for the novice karate students at encoding. Findings similar to Wallace 

(1 994) concerning an interference effect on the first recall trial were obtained in 

the present study. This was evidenced by the fad that the novices with context 

recalled significantly less than the novices who observed a demonstration of the 

sequence without context (context, M=32-9%; no context. M=SO. 7%). These 

results suggest that the increased recall demands due to the initial presence of 

context caused a performance decrement for the novices (Magill, 1984; Wallace, 

1 994). 

Unlike previous findings in the cognitive domain (Helstrup. 1993; Wallace, 

1994). a benefit of context on following trials was not observed in this study. A 

nonsignificant condition-by-trial interaction did not support past findings in the 

music literature. These results suggest that the strategy of providing a verbal 

context while demonstrating novel movement information is of no benefit to the 

learner. The added verbal information only served to hinder performance on the 

initial trial for the novice group, despite the fad that most of the novices believed 

that the accompanying context benefited their recall performance. 

Helstrup (1 993) hypothesized that explicitly providing a context or 

mnemonic strategy for the subjects may allow them to concentrate more on the 



target information. Like a melody accompanying textual information, perhaps a 

verbal commentary paired with motor information would enhance the meaning of 

the sequences by dwnking elements and putting specific constraints on the 

number of possible responses. It was anticipated that the context accompanying 

the motor cues would senre as a retrieval device that would 'trigger' the 

technique that accompanied the appropriate location in the context, especially 

since the context was repetitive (Wallace, 1 994). To the contrary, serial recall 

did not benefit from the presence of context in this sMy,  thus providing no 

support for the use of such an instructional strategy h the martial arts. 

It is suggested that the absence of a three-way interaction for the 

absolute accuracy analysis indicates the leniency of the test in comparison to 

the measurement of serial accuracy. These results may lead one to erroneously 

conclude that it does not matter whether a context is initially provided for the 

novices. It should be noted that success in the martial arts places much greater 

emphasis on serial, as opposed to absolute recall accuracy. Techniques are 

considered incorrect if they are not executed in the same serial order that they 

were demonstrated, despite the fact that all of the correct movements may have 

been recalled. Considering the results of the serial accuracy analysis, if novel 

sequences are only demonstrated one time with context for the novice student, 

hisher performance will most likely suffer. 

For the present study, it was expected that the black-belt students would 

recall more accurately than their novice counterparts. It was also anticipated 



that their performance would not be differentially affeded by the presence of 

context, since it is feasible that they were able to generate their own internal 

context when one was not provided for them. This notion was supported since 

the expert's performance was similar, regardless of condition. Similar to other 

closed-skill peHomers, both cognitive (Chase & Ericsson, 1 981 ; Eficsson & 

Polson, 1988) and motor (Bedon 8 Howard, 1992; Deakin & Allatd, 1991 ; 

Edmonstone. 1987; Starkes et al., l987), the expert martial artist derived an 

advantage through recognition of the meaning inherent in the structured kata. 

An interesting finding from the transformed analyses that was not evident 

in the raw data was that the expert group's performance suffered on the second 

recall trial in the presence of context. Two interpretations of this observation are 

possible. First, perhaps the context provided by the demonstrator created some 

sort of interference effect by the second recall trial. Second, it is possible that in 

the absence of an extemally-provided context, the intemally-generated context 

of the expert was more meaningful. As was postulated by Helstrup (1993). 

perhaps contexts that are created by the individuals themselves carry more 

meaning. However, it is not known if the subjects attempted to implement the 

context that was provided for them, or if they ignored the additional information 

in order to generate a context that was more congruent with the target 

information. 

It was not expected that an advantage of context would be observed on a 

final recall trial for the kata that were initially demonstrated without context. A 



new piece of information had been introduced to the individual, and it was 

believed that it would not prove beneficial until it was integrated with the motor 

information (Magill, 1984). Also, it was reasonable to assume that all subjects 

would have already attempted to generate and integrate their own context by the 

second recall trial. Support for this assumption was evidenced by the fad that, 

for both experts and novices, recall from the second whole trial without context 

did not differ from the final recall trial that included context (novice trial 2. 

M=69.0%; novice context, M=69.3%; expert trial 2, M=94.2%; expert context, 

M=93.8Oh). 

Another strategy often implemented by martial arts instructors is to 

provide an entire demonstration of a novel sequence, and then divide the 

elements of the kata into functional units (i.e. techniques including movement in 

one direction). By breaking-down the sequence, it is plausible that recall should 

be facilitated due to a decreased memory load for each segment. The present 

investigation attempted to determine whether dividing the kata into segments 

would benefit subsequent recall of the entire sequence. 

While it was hypothesized that the breakdown trial would enhance recall 

accuracy, it was also postulated that a more favourable memory load would be 

conducive to further integration of the context with the movement information. 

Complete integration may allow the contextual information to serve as both a 

mnemonic strategy for encoding purposes and as a retrieval device for 

subsequent recall of the entire sequence. As anticipated, recall performance for 



both groups and condlions improved significantly from the first recall trial to the 

breakdown trial. Evidence of sufficient integration and subsequent benefii of 

context would have been provided l the context condition's performance 

improved or was maintained following the breakdorm, while the performance of 

the nocontext condition suffered since it could not rely on the context for 

retrieval of the entire kata. The results of the present investigation did not 

support this notion. Serial recall performance on the second whole trial after 

the breakdown was maintained by both groups, and there was not a significant 

difference between the context and no context conditions (with the exception of 

the transformed serial accuracy analysis). Thus, an external context did not 

provide the novices with an advantage since it did not act as a retrieval 'hook' to 

improve serial recall. 

An important observation that was made in this analysis was the 

beneficial effect that the breakdown trial had on serial recall. The reduction in 

memory load was conducive to further encoding of the techniques, which was 

reflected in the maintenance of recall on the following trial, regardless of 

condition. These results offer support for employing such a strategy when 

demonstrating novel motor sequences to experts and novices 

Structured-Unstructured Recall. 

The skill-by-structure interaction observed in the present study provided 

further support for the notion that exceptional recall is not an artifact of superior 

memory capacity. It is inferred that the selective display of skilled memory for 



structured information is a function of a domainapecific howledge base. Since 

the expert and novice martial arts students recalled the same amount of 

information for unstructured sequences (kata), it can be suggested that it was 

the lack of meaningful associations found in the choreographed kata that 

brought the expert back to the performance level of the novice. 

The most robust obsewation in expertise research has been the 

characteristic skill-by-structure interaction. Cognitive experts (Chase 8 Simon, 

9973; Chase & Ericsson, 1981 ; de Groot, 1965; Egan 8 Schwa- 1979; Engle & 

Bukstel, 1978) and motor experts (Allard at al., 1980; Deakin & Allard, 1991 ; 

Edmonstone, 1987; Garland 8 Barry, 1991 ; Starkes et al., 1987; Starkes, 1987; 

Williams et al., 1995) display exceptional recall for domain-specific inforrnation 

only. When the structured information is removed from the schematic diagram 

or demonstrated sequence of elements, this superiority is erased and the expert 

performs with an average STM capacity (Miller, I 965). 

For structured kata, it is suggested that the experts have developed the 

ability to 'see' the meaningful inforrnation in the kata and commit it to LTM. 

Since the random kata did not contain the same degree of meaning, the experts 

were unable to rely on their elaborate knowledge for sequentially dependent 

techniques. While not a representative paradigm, the structured-unstructured 

recall results are useful when dealing with the contextno context experiment. 

since a hardware explanation cannot be used to account for superior recall by 

the blackbelt students. 



Deliberate Practice, 

The present investigation did not find any activities that fit Ericsson et al.'s 

(1 993) original definition of deliberate practice. Nevertheless, similar to the 

research conducted with the musicians (Ericsson et al., 1993), figure skaters 

(Starkes et el., 1 996b), and wrestlers (Hodges & Starkes, 1 996), the requirement 

of high concentration, high relevance was strongly supported by the martial 

artists in this study. That is, the activities considered highly relevant to their 

karate performance (sparring, class, impact training, kata training with others 

and alone) also received significantly high ratings for concentration. The only 

exception was flexibility training alone, which received a high rating for 

relevance, but was not significantly higher than the grand mean for 

concentration. It should be noted, however that this score was higher than the 

overall mean (flexibility training alone. M=7.95; grand mean, M=6.54). 

Conversely, this study provided no support for En'csson et ale's (1 993) 

requirement of highly relevant activities receiving significantly lower ratings for 

enjoyment. Martial artists were once again comparable to other athletes in that 

they enjoy engaging in the activities that they believe are most relevant to 

improving their performance. With the exception of flexibility training alone, 

which was not significantly lower than the grand mean for enjoyment (flexibility 

training alone, M=6.55; grand mean, M=6.66), all of the activities deemed highly 

relevant also received significantly high ratings for enjoyment. The original 

research conducted by En'csson et al. (1 993) with musicians considered 



practicing alone to be the only activity that displayed the required 

characteristics. That is, highly effortful (concentration for the athletes), highly 

relevant, but not inherently enjoyable. One must question whether practicing 

alone actually satisfied Eticsson et al.'s (1993) requirements, since their 

musicians rated this activity higher than the grand mean for pleasure (practice 

alone, M= 7.23; grand mean, Ms6.52). 

The Spearman rank correlation analysis for the karate related activities 

revealed some points of interest. For example, the relationship between 

concentration and relevance (-92) for martial artists was the highest. The 

research conducted with musicians (.75), skaters (.go), and wrestlers (.83) also 

reported that the correlation between concentration (Mort for musicians) and 

relevance was the strongest For both martial artists and wrestlers, there were 

also significant correlations between relevance and physical effort (-77 and -68, 

respectively), relevance and enjoyment (.72 and -59, respectively), and 

concentration and enjoyment (.84 and -64, respectively). Contrary to past 

findings, the present investigation also reported significant correlations between 

enjoyment and effort (.73) and concentration and effort (.82). 

The strong positive correlation between concentration and relevance is a 

very interesting observation for the athletes given the obvious physical nature of 

their domain. For the present study, these results should be interpreted with 

caution for Wo reasons: First, there was also a strong relationship between 

effort and relevance, so the importance of the physical aspect of practice should 



not be down-played. Second, unlike previous studies this investigation reported 

a significant correlation between concentration and effort- One must question 

whether the same underlying construd was being measured when the martial 

artists rated on these two dimensions, since they may not have been 

differentiating between the two. From these observations one cannot be sure 

whether physical effort or concentration is more important when defining 

deliberate practice in the martial arts. 

Another point of convergence between present and past research across 

domains was the nature of the tasks that were considered most relevant 

Specifically, the practice activities rated as most important were those that were 

the most closely related to what the musician or athlete does during an actual 

performance. Taking classes and kata training with others were considered the 

two most relevant activities by the karate students. Similarly, mat work and 

working with a coach were the two most relevant activities for wrestlers (Hodges 

8 Starkes, 1996); lessons with a coach and on-ice training received the highest 

rating for figure skaters (Starkes et al., 1996b); practice alone and lessons were 

deemed most important for the musicians (Ericsson et al.. 1993). Considering 

the statistically significant relevant activities in this study, sparring, kata training, 

impact training, and some group class activities are closely related to 

competition (sparring and kata competitions), whereas specific class activities 

and kata training are closely related to belt examinations. 



In contrast with past research was the finding that working alone *th a 

mentor was not considered to be a particularly relevant activity in the martial 

arts. Perhaps this is not so surprising, since five experts and three novices 

reported that they had not spent any time alone with an instructor during their 

first year of participation. Furthermore, three black belt subjects did not receive 

any private lessons prior to the year they graded for their black belt, while one 

expert reported that he had never received any private instruction. Contrary to 

the emphasis that other sports such as figure skating place on private lessons, it 

is apparent from this study that martial artists believe there is more to gain 

through participation in group lessons. 

The retrospective time estimates from the present study demonstrated 

that the expert and novice groups were spending similar amounts of time 

engaged in all karate-related activities at the beginning of their careers (novice, 

M=35.3 hourshnk; expert. Mz27.6 hoursM). These results coincide with 

previous deliberate practice research with athletes and musicians (Ericsson et 

al., 1993; Stakes et al., 1 996b). Furthermore, both groups were spending 

similar amounts of time in the activities that were considered most relevant 

(novice, Mz12.8 h o u r s ~ ;  expert, M43.7 hours/wk). 

Due to the fact that karate students typically grade for two or three belts a 

year, it was impossible to control for years of involvement between the expert 

and novice groups. Thus, betweengroup comparisons beyond the first year of 

participation were precluded given the short period of time that the novice group 



had been involved in the martial arts. Nonetheless, some important 

obsewations were made regarding the changes in the practice charaCterMics of 

the black belt subjects as a M i o n  of time. 

Similar to previous findings, there was a steady increase in the estimates 

of time that the martial artists participated in all of the activities related to karate 

as they advanced through their belt classifications (first year, M=27.6 hoursEwk; 

3rd year, M=41.4 hou- black belt year, M=58.0 hoursfwk). After subjects 

successfully graded for their black belt, a dropoff of approximately twelve hours 

per week was reported for their most recent year of involvement (M=46.1 

hourslwk). Reports of a decrease in participation are not readily apparent from 

previous research. It is suggested that this decrease in practice time was due to 

the expert group 'relaxing' somewhat after intensely preparing to grade for their 

black belt, which represented a long-term goal that they had set for themselves. 

The year that the experts achieved their black belt marked a peak in the 

number of hours that they were spending each week in all activities related to 

karate (58.0 hours/wk). Ericsson et al.'s (1993) diary data revealed that their 

violinists and pianists were spending 50.6 and 56.8 hours per week, 

respectively, engaged in all activities related to music, while Hodges and 

Starkes' (1 996) international wrestlers estimated spending approximately 46 

hours each week in all wrestling-related activities. Figure skaters, however, 

practiced 28.9 hours each week (Starkes et al.. 1996b). This difference was 

thought to reflect the financial implications of on-ice practice; the fad that this 



time discrepancy was not made-up through off-ice training provides further 

support for the argument that the most relevant activities are those that are the 

most closely-related to what the individual does during a perfwmance. If the 

same benefit could be attained through off-ice practice activities. perhaps the 

difference between the skaters and other athletes would have been smaller 

(Stakes et al., 1996b). 

It appears that the black belt year for the expert group was quite close to 

the musicians' most recent year. Unfortunately, one cannot be certain as to how 

accurate the subjects were at estimating the amount of time that they spent 

practicing, since no reliability checks were implemented. Nine of ten experts 

received their black belt prior to their most recent year of involvement Analysis 

of their most recent year reported a decrease in time spent in highly relevant 

activities, so even if a diary had been included as a measure of reliability, it is 

suggested that it would not have been appropriate to compare the martial artist's 

most recent week with the research conducted in other domains. 

One of the difficulties arising fmm an attempt to compare the amount of 

time spent in deliberate practice across domains is due to the fact that 

researchers have counted deliberate practice differently. For the present 

investigation, the activities considered to most accurately encompass deliberate 

practice were those that received the highest ratings for relevance (i.e. sparring, 

group classes, kata training with others, impact training, flexibility training alone, 

and kata training alone). Recall that these activities (with the exception of 



flexibility training alone) were also rated significantly high on the concentration 

dimension, which satisfies the second prerequisite of Eticsson et al.'s (1 993) 

initial definition of deliberate practice. Obviously, the third tenet of the oflginal 

theory (Le. significantly low on enjoyment) could not be fulfilled if the first two 

were. Practice alone was thought to be the only deliberate practice activity for 

Ericsson e l  a h  (1 993) musicians. All of the 'practice aloney and 'practice with 

others' activities were considered deliberate practice for the skaters and 

wrestlers, respectively (Stakes at al., 1996b). Estimates of the total time spent 

in these activities each week for the expert's black belt year was 26.2 hours 

each week This estimate is quite similar to the estimates from the research 

conducted in other domains, despite the fact that the deliberate practice 

activities for martial artists were determined differently. Perhaps this time range 

represents an optimal number of deliberate practice hours across different 

domains. Regardless of the type of activities counted as deliberate practice, it is 

intriguing that the estimates of the martial artist's black belt year (Mt26.2 

hourshrvk) were very similar to other domains concerning the number of hours 

per week spent in these activities during their most recent year of participation 

(violinists, M=29.8 hours/wk; pianists. M=26.7 hoursEwk; skaters, M=22.2 

hours/wk; wrestlers, M=19.1 hourslwk). 

The changes in hours per week spent in deliberate practice activities 

show a similar pattern compared to the total time spent in all activities related to 

karate. That is, from the first year of participation to the year they received their 



black belt, the students steadily increased the absolute number of hours they 

devoted to highly relevant activities (1 st year, M=i 3.7 hoursW 3rd year, 

M=19.O hourshk; black belt year, 26.2 hourslwk). Once again following their 

bladc belt year, students decreased the amount of time they devoted to these 

activities (most recent year, M=i 8.3 h o u M ) .  

The relative amount of time martial artists engaged in deliberate practice 

was very similar to performers in other domains. For example, the students 

estimated that they were devoting approximately 45% of their total karate-related 

time to significantly relevant activities the year they achieved their black belt. 

From their first year to their most recent year, this percentage ranged from 50% 

to 40% of their total estimated time. Violinists spent 48%, pianists spent 47%, 

and wrestlers spent 42% of their total time engaged in those activities that were 

considered deliberate practice (Ericsson et al., 1993; Hodges 8 Starkes, 1996). 

Conversely, figure skaters spent 77% of their total time in deliberate practice 

activities (Starkes et al., 1996b). For skaters, off-ice training is not as beneficial, 

so they simply do not engage in those activities. Since it was on-ice time that 

was counted as deliberate practice, this was reflected in the relatively large 

percentage of time engaged in deliberate practice. 

Looking more specifically at the activities that were considered deliberate 

practice in the present study, both practice with others (sparring, kata training, 

classes, impact training) and practice alone (kata training, flexibility training) 

were represented. An important point to make here is that the changes 



obsewed in deliberate pradice across time were mainly due to the increase in 

time devoted to relevant activities with othen (1st year, M19.7 hoursEwk; 3rd 

year, M=13.7 hourslwk, Mack belt year, M=21.0 housliwk; most recent year, 

Mr10.7 hourslwk). In fact, the time spent practicing relevant activities alone did 

not change significantly over the martial artist% career (I st year, M=4.0 

hoursEwk; 3rd year, M=5.3 hoursEwk; black belt year, M4.2 hoursm most 

recent year, M=3.6 hoursEwk). A main effect of Activity (alone, with others) was 

of no surprise, since there were only two relevant activities practiced alone, 

whereas practice with others was represented by four. It was the interaction 

between these two types of practice activities across time that was unexpected. 

This suggests that from the beginning of the student's career, a specific level of 

kata training and flexibility training alone was identified and maintained, while 

advancement through belts and participation in competitions signified an 

essential increase in relevant practice with others. If the importance of the 

activities considered deliberate practice is reflected in the amount of time spent 

in these activities, results of this study suggest that the importance of highly 

relevant activities practiced with others increases as the martial artist becomes 

more proficient. 



Conclusions 

The Influence of Context on the Acouisition of Novel Motor Seauences. 

This study did not provide any support for the strategy of pairing a verbal 

context with motor information when demonstrating novel sequences to martial 

artists. The only effect that the verbal context had on performance was to hinder 

the novice group's recall on the first trial. Further, transformed analyses 

indicated that the expert group's performance was hindered in the presence of 

context on it's second recall attempt. 

Future investigations attempting to determine the role of context when 

recalling movement information should address the following issue that arose 

from this research: By the second whole trial the novice group was only 

recalling at 75% and 70% serial accuracy with context and without, respectively. 

If the present design had allotted for the measurement of trials to 100% 

accuracy, more definitive conclusions concerning the role of context in the 

acquisition of motor sequences could be drawn. 

Regardless of whether antex& was present, an important observation 

was the benMt that dividing the sequence into shorter segments had in 

improving both group's recall performance. The demonstration of the whole 

sequence in a series of shorter segments was effective in significantly improving 

recall performance which was maintained for the following recall trial. Thus, the 

results of the present study lend support for this instructional strategy when 



demonstrating novel sequences to students, regardless af their belt 

classification, 

Deliberate Practice and Exmt Performance- 

The present investigation did not find any martial arts activities that 

conformed to all of the tenets of the initial theory of deliberate practice. 

However, similarities emerged concerning the types of activities that experts in 

different domains considered most relevant to their performance. The activities 

that were most dosely related to the actual performance were those that 

received the highest ratings for relevance by musicians and athletes. Unlike 

Ericsson et al- (1 993), research with athletes, including martial artists, has 

supported the notion that practice with others is important for gains in 

performance. This study also replicated previous findings in the athletic domain 

regarding the positive relationship between physical effort and relevance, and 

enjoyment and relevance. Further, the strong positive correlation between 

concentration and relevance was similar to previous findings. One area where 

the martial artists diverged from the previous deliberate practice research with 

athletes was the lack of differentiation between physical Mort and concentration. 

The results of the present investigation converged with past research 

regarding the number of hours spent each week in deliberate practice. Through 

comparison of the martial artists' black belt year with the most recent year of 

participation of previous expert groups, it appears that there may be an optimal 

number of hours in which exceptional performen engage in deliberate practice. 



Finally, by dividing the relevant pradice activities into practice with others and 

pradice alone, it was observed that the experts significantly increased the time 

they spent practicing with others, while time spent practicing alone was 

maintained over the course of their careers. This is thought to indicate the 

increased importance of pradice with others as one progresses through the 

martial arts classification system. 

Future investigations attempting to determine the role of deliberate 

practice in expert performance should consider the following issues that were 

evident in this investigation: Since betweengroup comparisons were not made 

beyond the first year of participation in this study, inferences could not be made 

regarding the role that deliberate practice may play in the acquisition of martial 

arts expertise. Nonetheless, a number of comparisons with expert groups 

across domains were made. While expert-novice differences in time devoted to 

deliberate pradice could not be established, previous research has consistently 

shown that activities constituting deliberate pradice have differentiated skill 

levels from relatively early-on in their respective careers (Ericsson et al., 1993; 

Hodges & Starkes, 1996; Starkes et al., 1996b). 

In addition, the present experiment did not employ a reliability check in 

order to determine the accuracy with which the subjects were estimating their 

time spent in specific activities. It is suggested that the most recent week of 

participation would not constitute an appropriate comparison with other domains, 

since the most recent year of participation for the martial artists represented a 



decrease in participation. Given that the year the martial artists attained their 

black belts represented a peak in time engaged in deliberate practice, perhaps 

Mure investigations should consider the achievement of specific goals (i-e. 

black belt) when measuring practice time at difrent points in their subject's 

careers. 

Another issue concerns the cross-sediond design of the present study. 

A longitudinal design is ideal for deliberate practice research. By tracking 

individuals from the beginning of their careen until they attain a predetermined 

level of expertise, the limitations of relying on retrospective data would be 

eliminated. Typically, the diary data gathered from previous research has 

reflected a positive bias concerning the estimates of time spent in various 

activities. It is thought that this bias may represent an aspired to level of 

practice (Ericsson et al.. 1993). Also, it is only through a longitudinal design that 

the precise role that deliberate practice plays in the development of expertise 

can be determined. Unfortunately, such a design is impractical due to the 

required sample size, the length of time that the participant's activities would 

have to be tracked, and the subsequent inconvenience experienced by the 

participants. 

Investigations conducted in the athletic domain have been consistently 

unable to find any activities that fit Ericsson et aL1s (1993) strict definition of 

deliberate practice. As such, the type of activities that have been deemed 

'deliberate practice' has differed for each investigation. Despite the fact that 



similarities have been reported from comparisons of time spent in deliberate 

practice across these domains, a working definition of what constitutes 

deliberate practice has not been realized. Ericsson el al. (1993) claimed that 

their theory was deliberately general so that it could be applied to other fields of 

expertise. The present research conducted with expert martial artists suggests 

that their framework is in need of revisions if it is to transfer across domains. 
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APPENDIX A 

CONSENT FORM 



SCHOOL OF PHYSICAL AND HEALTH WUCATION Qgeenns University 
Kingston, Canada 
K7L 3 ~ 6  

Dear SirMadam: 

As a student of the Martial Arts Canada programme, you have been selected to 
participate in a study on expertise being conducted under the supervision of 
Dr. Janice M- Deakin, Associate Professor in the School of Physical and Health 
Education. Outlined below is a detailed description of the study. 

PURPOSE: 

The purpose of this study is to examine a memory skill within its naturally 
occurring context. Specifically, this study is an attempt to identify how martial 
arts students of varying skill levels go about learning new kata. 

Each subject will participate in two experiments which will be conducted during 
one session at the Martial Arts School. It is anticipated that the session will take 
approximately one hour. 
During each experiment, subjects will observe a video demonstration of four kata 
by Sensei Coles. Following each demonstration, subjects will be asked to 
replicate the sequence that Sensei Coles has just performed. Each subject's 
performance will be videotaped for scoring following the experiment. 
Subjects will be asked to complete a questionnaire which has been designed to 
provide information on the length of time they have been involved in martial arts, 
the amount of time per week they practice, and other information related to their 
involvement in this area. 

The results of this study will provide us with valuable information regarding 
expertise in the motor domain. More specifically, you will be giving us the 
opportunity to make an indepth investigation of the underlying knowledge 
structures that influence skill development. 
Practical application of the results of this work may assist in developing teaching 
and practice techniques that will enhance the speed of acquisition of skills within 
martial arts. 



CONSENT FORM 

Participation in this study is entirely voluntary, and individuals may choose to 
withdraw at any time. Following completion ofthis study, you may ask any 
further questions regarding the experiment. if you desire, you may receive the 
results of the experiment once it is completed. All data will be grouped for 
subsequent analysis, thereby protecting anonymity of individual subjects. 

Any inquiries about the study may be directed to Thana Hodge at (61 3) 545- 
6000 (ext 5725), Dr. Janice M. Deakin at (61 3) 5454000 (ext. 4689), or Dr. 
Joan Stevenson (Director) at (61 3) 545-6000 (ext. 4687) at the School of 
Physical and Health Education. Queen's University, Kingston, Ontario. 

I understand the above information and voluntarily consent to my child's 
participation in this study. 

I 

Participant Participant's Age 

- - -- 

Date 



APPENDIX 6 

M A  



Structured-Unstructured Experiment 

Structured #I UnstNdured #I 

1/4 turn left 1/4 turn left 

L knifehand block 
L palm block 
L press block 
L hook kick 
L round kick 
L side kick 
R reverse punch 

L high block 
L lead punch 
L side kick back 

step fonnqld 
right fmnt stance 

R groin strike back 
112 turn right 

1/2 turn left 
R knifehand block 
R palm block 
R press blodc 
R hook kick 
R round kick 
R side kick 
L reverse punch 
L press block front 
L hook kick 
L round kick 
R palm strike 
R press block back 
R hook kick 
R round kick 
L palm strike 

112 turn front 

L lead punch 
R side kick back 
R back fist 
L palm strike front 
R groin strike back 

L knifehand block 
R palm strike 



step right horse stance 

double low block 
R side kick 
R high blodc 
L reverse punch 

. R low block 
R back fist 

step up to left 

L side kick 
L high block 
R reverse punch 
1 low block 
L back fist 
double low block 

f 14 turn left 

L knifehand block 

112 turn right 

R lead punch 
L punch to fmnt 
R fmnt kick 
R punch to back 
R jump inverted side kick to front 
L back kick & R palm strike 
L front kick to back 



Kata #I 

1 /4 turn left 

L lead punch - 

L ftont kick 
R reverse punch 

Context40 Context Experiment 

114 turn left 

L high block 
R reverse punch 
R front kick 
L reverse punch 

112 turn right 
right full turn 

R lead punch 
R ftont kick 
L reverse punch 

L side kick to front 
R reverse punch 

R side kick to front 
L reverse punch 

1M turn to front 

L lead punch 
1 front kick 
R reverse punch 
R ftont kick 

R high block 
L reverse punch 
L front kick 
R reverse punch 

114 turn front 

L low block 
R reverse punch 
R front kick 
L lead punch 
R reverse punch 



Kata #3 

114 turn left 

L press blodc 
L back fist 
L side kick 
R reverse punch 

1/2 turn right 

R press blodc 
R back fist 
R side kick 
L reverse punch 

114 turn front 

L knifehand block 
L grab technique 
L low round kick 
L high round kick 
R reverse punch 

Kata #4 

114 turn left 

L low block 
R reverse punch 
L high blodc 
R reverse punch 
R h n t  kick 
L reverse punch 
R lead punch 

hrll right turn 

R low block 
L reverse punch 
R high block 
L reverse punch 
L front kick 
R reverse punch 
L lead punch 

114 turn front 

L low block 
R reverse punch 
R side kick 
R back fist 

reverse full turn to back 

R low block 
L reverse punch 
L side kick 
L back fist 



APPENDIX C 

ANALYSIS OF VARIANCE TABLES FOR 

CONTEXT - NO CONTEXT DATA 



ANALYSIS OF VARIANCE TABLES FOR 

CONTEXT-NO CONTEXT ANALYSIS: INCLUDING THE BREAKDOWN TRIAL 

2 (group) X 2 (condition) X 3 (trial) 
I-Group, 2 - C o n d i t i o n ,  3-Trial 
Serial Accuracy 

df 
I 

E f f e c t  E f f e c t  Effect Error 
i 

STAT. 
GENERAL 
MANOVA 

E f f e c t  

1 
2 
3 
12 
13 
23 
123 

2 (group) X 2 (condition) X 3 (trial) 
1-GROUP, 2-CONDITION, 3-TRIAL 
T r a n s f  armed Serial Accuracy 

df 
E f f e c t  

I* 
1 
2* 
1 
2 
2 
2* 

MS 
E f f e c t  

133942E3* 
9675914, 
17311333* 
1185118. 

495019. 
3440160, 
12435732* 

df 
Error 

18* 
18 
36* 
18 
3 6  
36  
3 

MS 
Error 

21047532* 
9707336. 
2277824.* 
9707336, 
2277824. 
2806480. 
2806480 .* 

F p-level 

6.36380e 
-99676 

75.99930* 
-12200 
-21732 

1-22579  
4 .  43106* 

.021280* 

.331328 

.OOOOOO* 
,730839 
,805719 
-305484 
. 019037* 



1 E f f e c t  

1 
2 
3 
12 
13 
23 
123 

STAT. 
GENERAL 
MANOVA 

- - - -  - -- - - - - - - - - - - - - - -- - 

2 (group) X 2 (condition) X 3 ( t r i a l )  
1-GROUP, 2-CONDITTON, 3-TRIAL 
Absolute Accuracy 

Error 

18* 
18 
36* 
18 
36 
36 
36 

df I MS 
Effect Effect 

Ms 
Error 

l* 
1 
2* 
1 
2 
2 
2 

p-level 

3677.454* 
70.994 

3431.298* 
65.269 

242 - 666 
36.337 
187 -262 

STAT. 1 2 (group) X 2 (condition) X 3 ( t r i a l )  
l-kUk, 2-CONDITION, 3-TRIAL Ee lTrannfoined Absolute Accuracy 

Effect 

1 
2 
3 
12 
13 
23 
123 

p-level 
MS 

Error 

10466132* 
3439426. 
1611189.* 
3439426. 
1611189, 
1689199. 
1689199. , 

F 

7.62965f 
-22458 

50.98438* 
,19334 

1-32386 
-32226 

2.73440 

df 
Error 

18' 
18 
36* 
18 
36 
36 
36 

d f 
Ef feet 

l* 
1 
2* 
1 
2 
2 
2 

MS 
Effect 

79852432* 
772418 - 
82145532* 
664986. 

2132995. 
544355. 
4618939. 



ANALYSIS OF VARIANCE TABLES FOR 

CONTUCT-NO CONTEXT ANALYSIS: PRE-POSITEST DESIGN 

I Effect E f f e c t  1 Effect 

STAT. 
GENERAL 
MANOVA 

F I p-level 

2 (group) X 2 ( c o n d i t i o n )  X 2 (pre -pos t t r ia l )  
I-GROUP, 2-CONDITION, 3-TRIAL 
Serial Accuracy 

STAT. 
GENERAL 
MANOVA 

2 (group) X 2 ( c o n d i t i o n )  X 2 (pre -pos t t r ia l )  
1-GROUP, 2-CONDITION, 3-TRIAL 
Transf oxned Serial Accuracy 

Effect 

1 
2 
3 
12 
13 
23 
123 

df 
Ef feet 

l* 
1 
l *  

p-level 

. 020239* 

.283381 

.000000* 

- -- 

Ms 
Effect Error Error E' 

-609892 
-784896 
.I96371 
.009445* 

99106232* 
13068832 
24501233* 

1*/ 235375E2* 

18* 
18 
18* 
18 
18 
18 
18* 

152809E2* 
8974933. 
2906203,* 
8974933. 
2906203. 
2789345. 
2789345.* 

6 -  48562f 
1.23330 

84.30650* 
-26965 
-07676 

1.80020 
8.43835* 



STAT . 
GENERAL 
MANOVA 

Effect 

2 (group) X 2 (condition) X 2 (pre-posttrial)  
1-GROUP, 2-CONDITION, 
Absolute Accuracy 

df 
Effect 

MS 
E f f e c t  

STAT. 
GENERAL 
MANOVA 

2 (group) X 2 (condition) X 2 (pre-posttrial)  
I-GROUP, 2-CONDITION, 3-TRIAL 
Transformed Absolute Accuracy 

I 

Effect 

1 
2 
3 
12 
13 
23 
123 

df 
E f f e c t  

1* 
1 
l* 
1 
1 
1 
l* 

df 
Error 

18* 
18 
18* 
18 
18 
18 
18* 

MS 
Effect 

596370E2* 
240740. 
13693333* 

5776, 
3720864. 
934198. 

8194196-* 

Ms 
Error 

7012095,* 
2369183. 
2215777.* 
2369183. 
2215777. 
1759171. 
1759171.* 

F 

8.50488* 
.lo161 

61.79799* 
,00244 

1,67926 
-53104 

4.65799* 

p-level 
, 

-009215* 
-753572 
.OOOOOO* 
.961163 
.211394 
. 475543 
-044663* 



ANALYSIS OF VARIANCE TABLES FOR 

CONTEXT-NO CONTEXT ANALYSIS: NO CONTEXT CONDITION 

WITH CONTEXT ADDED ON TRIAL 3 

2(gcoup) X 3(trial) 
1-GROUP, %-TRIAL 
Serial Accuracy No Context with Context Added On 

2(group) X 3(trial) 
1-GROUP, 2-TRIAL 
Transformed Serial Accuracy No Context with Context Added On 

Ef feet 

1 
2 
12 

df I MS 
Ef fect Effect 

Effect 

1 
2 
12 

df I 
i p-level 

F 
d f  

Effect Effect Error p-level 
MS 

Error 

1230.906* 1 5 .  59120* .029490* 
27.98281e . OOOOOO* %: :::' / 1.35196 -271554 

:: / 6882. 246' 1 18. 

18* 16962732* 
36* 1 1798278. 
36 1798278. 

1 

3717. Oll* 
2 179.583 

36* 
36 



- 

2(group) X 3(traal) 
I-GROUP, 2 - n  
Absolute Accuracy No Context w i t h  Context Added On 

Effect Error Error 
i 

p-level I 

STAT. 
GENERAL 
-OVA 

2(group) X 3(tradL) 
I-GROUP, 2-TRIAL 
Transformed Absolute Accuracy No Context w i t h  Context Added On 

E f f e c t  

1 
2 
12 

Effect E f f e c t  Ercor Error 1 p-level 

29422332* 18* 4067684.* 
479849E2* 36* I561594.* 

36 1561594. 

7,23317" 
30.72817* 
1.05835 

.014983* 

.OOOOOO* 
,357578 



APPENDIX D 

QUESTIONNAIRE: EXPERTISE IN THE MARTIAL ARTS 



PART ONE: 

Name: 

Age: 

1) How old were you when you began participating in karate? 

2) How old w e  you when you became involved more full-time or on a year- 
round basis, if at all? 

3) What is your present belt classification? 

4) Please outline your progression through the difbrent classification levels: 

Belt Year 

white 
gold 
orange 
green 
purple 
blue 
red 
camouflage 
brown 
black stripe 
black (I st degree) 
black (2nd degree) 
black (3rd degree) 
black (4th degree) 
black (5th degree) 



Please outline your 
more space, please 

attendance at martial arts seminatsldinics. If you need 
use the back of this page. 

Year 

6)  Have you ever given any seminam/dinics? If so, please list If you need more 
space, please use the back of this page. 

SeminarlClinic Year 

Please outline your participation in martial arts competitions/toumaments tf 
you require more space, please use the back of this page. 

COMPETITIONKOURNAMENT YEAR PLACING 



8) In the table provided, please record the duration of your off-season (in weeks) at 
various times throughout your career. You will probably find that you will not need 
all of the columns unless you have been involved in karate for 17 years or more, so 
please stop when you reach a column that corresponds to the number of years that 
you have been involved in karate. 

9) How many instructon have you had over the cwrse of your career ? 

10) How long have you been with your current instructor(s) ? 

1 1 ) At what point in your karate career do you now consider yourself? 
Circle one: 

PRE-PEAK PEAK PAST PEAK 

12) Do you have any specific goals related to karate that you would like to 
achieve this year? If so, please describe. 



PART TWO: ACTNlTV QUESTIONWRE 

We are interested in finding out what a Yypical wwk'  was like for you at different times 
through your karate career. A number of activities have been divided into four 
groups. These groups are as folluws; 

1) practice with others 
2) practice alone 
3) activities related to karate 
4) activities unrelated to karate 

As you read through the activities, please choose and record one of the times provided 
which represents, on average, the amount of time you would have spent engaging in 
each activity. When you think of a 'typical week', try to think of one occurring mid-way 
through the season. 

The first column corresponds to the age that you first began karate. Please write 
underneath the column headings the ages that you were at the specific times. You will 
probably find that you will not need all of the columns unless you have been involved 
in karate for 17 yean or more, therefore, please stop when you reach the column 
corresponding to the age you are now. After you have filled in the estimates of time 
spent in each adivity for the first column, repeat this procedure for column two; that is 
for the age you were two yean after first beginning karate. Continue with this 
procedure until you reach the column corresponding to the age you are now. 

Choose one of the following ranges of time for each activity; 
a) 0 hounlweek f) 3 8 M  or r 1 O M  
b) up to and including 2 M  g) > 1 O M  or s12hEwk 
c) ,2hEwk or r 4 M  h) >12hlwk or s 1 4 h M  
d) ,4hFwk or s 6 M  i) > 1 4 M  
e) > 6 M  or s 8 M  - IF YOU ARE ABLE TO RECALL EXACT AMOUNTS OF TIME, PLEASE W 

SO. 



For this example the individual began participating in karate when hashe was 13 
years old. During the first year, this individual did not spend any time during 
a typical week During the third and fifth year of hislher karate career (1 5 and 17 years 
old, respectively), greater than 2, but less than 4 hours was spent swi-mming during a 
typical week. Last year, when this individual was 98 years old (6th year of 
participation in karate), one hour per week was spent swimming during a typical week 

On completion of the first section you will be required to rate the activities on various 
dimensions before going on to the next group of activities. A rating scale from O(low) - 
lO(high) will be used to rate the activities on the following four dimensions; 

1) Rdwance of the activity to improving karate performance. 
2) How much Mort (physical work) is required to perform the activity. 
3) Haw enjoyable the actual activity itself is (as opposed to the result of 

the activity). 
4) How much concentration (mental work) is required to perform the 

activity. 

- - - - -  -- 

Rekmnce to 
improving karate 
performance 
O=irrelevant 
1 O=extremely 
relevant 

RATING FROM 0 - 10 

Enort (physical 
work) required to 
perform the 
activity 
O=not at all 
effornl 
t O=extremely 
sffortful 

How enjoyable 
the activity is 
*not at all 
enjoyable 
1 O=extmmely 
enjoyable 

Conce-on 
(mental work) 
required to 
perform the 
activity 
O=no 
concentration 
1 O=exfreme 
concentration 

For this example the individual has rated swimming as an activity that is moderately 
relevant to improving karate performance. For this individual, swimming is an activity 
that requires a great amount of effort and concentration, and is one that helshe does 
not enjoy very much. 



A) PRACTICE WITH OTHERS 

H o w  many hours would you have spent in a typical week practicing with others? 
This practice would include the following activities: 

sparring cycling 
i0sgiW group class with an instructor 
weight training basicalkate training 
flexibility training impact (shield) training 

other activities (please describe): 

Choose one of the followhg ranges of time for each activity; 
a) 0 hourshmk f) > 8 M  or r 1 O W  
b) up to and including 2hEwk g) >lOMwk or i12hhruk 
c) 22hEwk or 5 4 M  h) >12Mnrk0r r l 4 M  
d) s4hhnrk or r 6hEwk i) > 1 4 M  
e) NMnk or i 8Mnrk - IF YOU ARE ABLE TO RECALL EXACT AMOUNTS OF 'TIME. PLEASE DO 

SO. 



Now rate each of these activities on the four dimensions described earlier- 

1 weight training 

flexibility training 

group classes 
with instnrctor 1 

training # I 
impact (s hiefd) 1 training 

kkvrnce to 
karate 
perfonhame 
O=imlevant 
I O=extmmely 
relevant 

-- 

mrt (physical 
work) mquimd to 
perfom the 
activity 
*not at all 
effortful 
1 Otexbsmely 
dfortful 

How mjoyabk 
the activity is 
*not at all 
enjo ya blc 
1 O=extramely 
enjoyable 

Conwntmtion 
(mental work) 
required to 
paform the 
activity 
@no 
concentration 
1 O=extmme 
concentration 



8) PRACTICE ALONE 

How many hours in a typical week would you have spent practicing karate alone? 
This practice would include the following activities; 

weight training 
flexibility training cycling 
j0sgiW punching bag training 
working alone with your instructor basicslkata training 
watching karate videos other activities (please describe): 

Choose one of the following ranges of time for each activity; 
a) 0 hounEweek 9 >8Mnrk or a90hlwk 
b) up to and including 2 M  g) >lOMnrkor s 1 2 W  
C) ~2hhnk or s 4hhnk h) > 1 2 M  or s 1 4 W  
d) > 4 W  or s 6 M  i) > l 4 M  
e) >GhEwk or s 8hFwk 

" IF YOU ARE ABLE TO RECALL W C T  AMOUNTS OF TIME, PLEASE DO 
SO. 



Now rate each of these activities on the four dimensions descn'bed earlier- 

weight training 

flexibilii training 

ioesins 

working alone 
with instructor 

videos I 

training I basidma ~ 
punching bag 1 training 

kkvrmce to 
karate 
patfonnance 
O=imlevant 
lO=extrme(y 
relevant 

RATING FROM 0 - 10 

How mjoyabk 
the activity is 
@not at all 
enjoya b k  
1o=exmfnely 
enjoyable 

Concmtmtion 
(mental worlt;) 
raquimd to 
perform the 
act'* 
O=no 
concentration 
1 &extreme 
concentration 



C )  ACTIVITIES RELATED TO KARATE 
How many hours during a typical week would you have spent in karate-related 
activities? These activities may include the following; 

diet planninglnutrition 
keeping a training joumal 
watching karate (live, TV, video) 
reading karate theory (may include diets, techniques, psychological 
training in books or magazines, etc.) 
instructing 
professional conversation (with other karate students, instructors, etc.) 
mental rehearsal (may be time spent thinking about what happened 
during class or while testing for a belt) 
attendance at seminardclinics (for example, the psychology of martial 
arts) 
other activities (please describe): 

Choose one of the following ranges of time for each activity; 
a) 0 hourshnreek f) >8hM or r 1 O M  
b) up to and including 2 M  g) +lOMnrk or r l 2 M  
c) >ZhEwk or r 4 M  h) >12hEwk or s 1 4 M  
d) > 4 W  or s 6 M  i) * 1 4 M  
e) ehiwk or s 8hEwk 

" IF YOU ARE ABLE TO RECALL EXACT AMOUNTS OF TIME, PLEASE DO 
SO. 

1 

AGE 

ACTNCrV H O U R I P E R  - 
diet planninghrutrition 

training journal 

watching karate 

reading karate theory 

instructing 

professional conversation 

mental rehearsal 

seminars/clinics 

other 



Now rate each of these activities on the four dimensions desa-ibed earlier. 

diet 

training journal 

instruding 

professional 
w nversation 

- -  - 

I other 
-- -1 

I 

Mmmnce to 
kame 
perlormancs 
O=irdevant 
1 O=exttsmely 
relevant 

RATING FROM 0 - 10 

How anjoyabk 
therctivityb 
Wnot at all 
enjoyable 
lO=extrsmely 
enjoyable 

Conee-on 
(mental work) 
requid to 
perform the 
activity 
O= no 
concentration 
10-==xtmme 
concentration 



0)  EVERVDAY ACTMTIES (NOT RELATED TO KARATE) 

How many hours in a typical wwk wwld you have spent engaging in activities 
that are not related to karate? These activities may indude the following; 

sleeping 
academic studylschool 
active leisure (includes participating in other sports) 
partlful~ime w& 
non-active leisure (includes watching TV, reading (unrelated to karate), 
playing games (eg. cards, darts), socialising, playing a musical 
instrument, listening to music, etc. 
other (please describe): 

Choose one of the following ranges of time for each adivity; 
a) 0 houslkeek f) > 8 M  or sl0hEwk 
b) up to and including Z M  g) > 1 O M  or s12MNk 
c) r 2 M  or s 4 M  h) >IZhEwkor s 1 4 M  
d) 24Mnrk or s 6MNk i) l4MNk 
e) 2 6 M  or s 8hlwk - IF YOU ARE ABLE TO RECALL W C I :  AMOUNTS OF TIME, PLEASE DO 

SO. 



Now rate each of these activities on the four dimensions described earlier. 

A c T l v l n  
(not mlated to 

karate) 

sleeping 

academic 
study/sctrool I-- 
non-adivs 

leisure 

11 other 

R.kmnce to 
karate 
perfmance 
04mlevant 
lO=extrernety 
mkvant 

W N G  FROM 1 - 10 

conwnmti011 
(mental work) 
requifud to 
perform the 
adivity 
*no 
concentratr*on 
I O=extrerne 
concentration 




