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Abstract

Ericsson, Krampe and Tesch-ROmer (1993) have concluded from
work with musicians that expertise is the result of
"deliberate practice". So how valid is this conclusion in
sport? Four groups of wrestlers (n=42); 2 international and
2 club (current & retired) recalled the hours spent in
wrestling activities since beginning wrestling. All groups
had bequn at a similar age (M =13.2 + 0.6year) and had been
wrestling for 10 years or more. Contrary to Ericsson et al.,
practice alone activities did not discriminate between the
groups, only practice with others. At 6 years into their
careers, the international group practised 4.5 hour/week more
than the club wrestlers and at age 20 years the international
wrestlers had accumulated over 1000 more hours of practice
with others. Evaluations of wrestling activities showed that
those judged as relevant, were also rated high for
concentration and enjoyment. Diary data were collected from
current wrestlers, however, no differences were found for
time spent in wrestling activities. The international
wrestlers spent longer travelling to practice, which
reflected the necessity to train at a club with the best
sparring partners. Practice with others yielded high

correlations between estimates for a typical week and the

iv



diary data for the international wrestlers only, suggesting a
more consistent training schedule for this group. 1In
conclusion Ericsson et al.s' definition of "deliberate
practice" needs to be reconsidered. It is suggested that
"maintenance" hours should be considered separately from
practice, and that future studies focus on what it is that

motivates people to practice.
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Introduction

Although no one would deny that practice is a
necessary mediating factor for the attainment of expertise, to
make the claim that practice actually causes expertise, and is
therefore both a necessary and sufficient condition, would
lead to much disagreement and controversy. This extreme
environmental position, however, has recently been adopted by
Ericsson, Krampe and Tesch-Romer (1993), who have proposed a
theory of expertise based solely on what they term "deliberate
practice". "Deliberate practice" is defined as any activity
designed to improve the current level of performance, that is
effortful and not inherently enjoyable. It is contrasted to
other activities that could erroneously be considered
practice, that is, play, work, and observing others performing
the skill. Ericsson et al. propose that, "the amount of time
an individual is engaged in deliberate practice activities
will be monotonically related to that individual’s acquired
performance." (p.368). Within their theory they allow no
important role for inherent characteristics in determining the
achievement of expertise. This suggestion that innate
characteristics are unnecessary to achieve expert levels is a

particularly salient issue when considering expert athletes,
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who "appear" to be born with superior bodies and physiological
capacities that underlie their exceptional performance.

There have been numerous studies, stemming from the
seminal work of Chase and Simon (1973) in chess, that have
demonstrated the primary role of acquired domain specific
skills in differentiating novices and experts (e.qg.,
Abernethy, Neal & Koning, 1994; Allard, Graham & Paarsalu,
1980; Baba, 1993; Lesgold, Rubinson, Feltovich, Glaser,
Klopfer & Wang, 1988). Investigations of developmental
histories of experts have also highlighted the importance of
environmental factors. Most notably, Bloom (1985) edited a
unique book detailing the careers of experts from 6 domains.
A surprising amount of consistency between the histories of
the experts across different domains was observed.
Specifically, the early age of starting, the parental
involvement and the stages of development were all similar.
From the six domains studied, ranging from music to
mathematics, Bloom concluded that no matter what the quality
of the initial gifts, each individual goes through many years
of development, and that "practice and training time rivalled
the time devoted to school or any other activity." (p.543).
However, until now the role of initial ability or "talent" has
never been completely discounted.

At the other end of the continuum, there are those who
claim that individual differences in ability determine who

will achieve eminent performance. From the early work of
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Galton (1892), who advocated the importance of initial gifts
that determine the 1limit of an individual’s success, to
Gardner’s (1983, 1993a, 1993b) recent theorizing about
multiple intelligences, many researchers have expounded this
view. There is also considerable genetic evidence pointing
towards a strong heredity component for many observed skills
and traits. Studies with twins, for example, have provided
evidence for the heredity of intelligence, physical
characteristics and psychomotor abilities (e.g., Bouchard,
1984; Engostrom & Fischbein, 1977; Marisi, 1977 respectively).
Unfortunately the type of study conducted has been

limited in its design, and often reflects the viewpoint of the
researcher. That is, those who believe that expertise is the
result of inherited abilities will generally test this
hypothesis by examining familial relationships (e.g., twin or
adoption studies), to see how much variance between twin pairs
on a specific performance measure can be accounted for by
heredity. Whereas those who wish to demonstrate that expert -
novice differences are due to knowledge, or physical
characteristics acquired while working within a domain will be
more 1likely to conduct cross-sectional studies comparing
experts and novices on domain specific tasks or attributes.
However, both these perspectives are limited by the designs
employed to test their hypotheses, in that cross-sectional,
correlational and retrospective studies do not allow for

direct manipulation of the independent variable, so that
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inferences concerning causality are limited. Longitudinal
prospective studies of subjects who become experts would
provide the most enlightening source of information regarding
possible physiological/genetic limits and the importance of
practice behaviours. However, there are very few of these
types of studies as the continual investigation of a great
many subjects is required, with the possibility that none of
the subjects continue within the domain long enough, or ever
reach a level where they would be considered an expert.

In sports the nature of expertise is an extremely
important topic, given that considerable time, money and
energy are spent in selection and identification of "talented"
individuals who are presumed to have the potential to succeed
in a specific sport. If it is found that sport expertise is
a consequence of "deliberate practice", rather than innate
ability, the implications for the selection of athletes at a
young age are enormous. Now, the emphasis would centre on
identifying those individuals who are believed to have the
qualities, such as motivation and commitment, necessary to put
in the hours of practice to achieve expertise. As well as
trying to determine what "deliberate practice" activities are
for each domain.

In the following review of literature evidence for and
against a theory of expertise based solely on practice will be
examined. First, theories and evidence supportive of innate

talent and individual differences in abilities that are
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believed to determine future success will be detailed and
evaluated. The evidence that has lead Ericsson et al. to
propose their theory will then be reviewed along with the
specifics of Ericsson et al.s’ theoretical framework. Two
studies with musicians have been conducted by Ericsson et al.
to directly test their theory and these will be detailed and
considered in light of an empirical test of the model in
sport.

Contradictory Findings and Alternative Theories

Cognitive and Perceptual Evidence

Although there has been some compelling evidence to
suggest that memory ability is entirely an acquired skill
(Chase & Ericsson, 1982; Ericsson, Chase & Faloon, 1980)
recent evidence has come to 1light that questions this
assumption. Wilding and Valentine (1994) have investigated
memory ability for a number of years and now believe that not
all the available evidence on superior memory ability can be
accounted for by the utilisation of memory strategies. They
suggest that there is a "natural" memory ability and that it
may be evidenced by superior performance on tasks not suited
to mnemonic techniques, superior ability in close relatives,
demonstration of superior ability at a young age, exceptional
incidental long-term memory and possibly the possession and
use of vivid imagery. Their evidence for natural ability in
memory was obtained from ten contestants recruited from the

World Memory Championships.
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The subjects were asked questions regarding their
beliefs about their memory performance and whether they
practised, as well as details about relatives’ memory and
their imagery ability. Only one subject answered "no" to the
question, "do you think you have a naturally good memory?" and
only four of the contestants reported practising regularly.
This could, however, be a bias on the part of the subjects, to
attribute cause internally for success. The percentage of
near relatives having superior memory was reported to be 50%.
Subjects were also tested on a battery of tests which included
immediate and delayed story recall, recall of names of British
prime ministers, measures of verbal and imaginal thinking and
recognition of snow crystals amongst 70 foils. There were 13
tests altogether.
The results showed a number of interesting findings.
The first couple of subjects demonstrated superior memory only
on tasks they had a special interest in and subjects C. and H.
were only proficient on tasks that were amenable to practised
memory techniques, so their performance on the story, picture
location and sequence and snow crystals was not particularly
impressive. Subject H. also demonstrated particularly poor
performance on delayed recall. Subject D. on the other hand
reported using no techniques yet demonstrated impressive
performance on the tasks that subjects C. and H. had trouble
with. Subjects G. and I. appeared to demonstrate good all

round performance, which Wilding and Valentine considered to
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be the result of natural ability and efficient application of
techniques.

An analysis of variance on mean ranks for the tasks
comparing subjects who clearly believed their performance was
dependent on natural ability and those who reported using
specific strategies was performed and as predicted an
interaction was observed between task type and group. These
findings suggest that there is some role to be played by
natural ability in memory performance, and that the learning
of strategies to aid performance may be limited to particular
tasks. Whether extensive practice can compensate for lack of
natural ability is questionable.

Case histories of special abilities of monosavants,
that is individuals with a low IQ who have developed an
exceptional skill in a particular area compared to the
"normal" population, also present a problem for a theory based
on "deliberate practice" alone. Sloboda, Hermelin and
O’Connor (1985), detail the musical ability of an autistic
savant "NP". When people close to "NP" were asked about the
development of his skill it was reported that he had received
few, if any, opportunities to play a musical instrument or
encouragement to sing. At age 6 his "ability" was noted when
he spontaneously reproduced a song on the piano that someone
had just played. From then on he was given many opportunities
to play although verbal instruction was never given.

Information concerning how "NP" could have acquired his
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knowledge is lacking, however, Sloboda does suggest reasons
why the performance of "NP" considerably improved after that
point. He suggests that due to a high intrinsic motivation
which was almost obsessional, "NP" spent many hours of
practice at the task and that just being exposed to music via
the TV or radio could account for the original interest.
Indeed, Ericsson and Faivre (1988) <claim that these
monosavants are relying on mechanisms that trained memory
subjects also use such as chunking.

Howe (1989) also cites cases of monosavants in
calendar counting and argues that because a general cognitive
ability cannot be accepted as a cause for exceptional memory,
it must be a specific cause such as these individuals spending
many hours just thinking about calendars that most people
would find uninteresting. However, it is also possible that
the brain is partitioned into specific independent modules
that would lead to superior ability in one area but poor
functioning in a similar one. A similar explanation of
intelligence has been expounded by Gardner (1983) for normal
individuals and those perceived to be "geniuses".

However, Hill (1978, as cited in Howe, 1989) in a
survey of monosavants noted that most of them have more than
one special skill. For example "Harriot", who was
astoundingly musically accomplished, could also recall about
three hundred telephone numbers as well as calendar

calculating over a 35 year range.
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The ability to recognise pitch, in the absence of

context for that sound, so termed "perfect" or "absolute
pitch", has long been considered an inherent ability that
discriminates the musically talented from the average
musicians, as this skill is found in only a small proportion
of musicians. More recently, however, the importance of this
ability to music has been questioned and evidence has begun to
emerge regarding the trainability of this skill. For example,
Sloboda, Davidson and Howe (1994) have examined musicians and
claim that this ability is not necessary for reaching the
highest levels of musical accomplishment. As well, Levitin
(in press, as cited in Sloboda et al., 1994) argues that when
perfect pitch has been assessed, two independent areas are
being measured, that is pitch memory and pitch 1labelling.
When only pitch memory is assessed, in the absence of the need
to label, over 2/3rds of a sample of college students
demonstrated some evidence of absolute pitch. Cohen and Baird
(1990) suggest that the reason why so few people acquire this
skill is because it is rather 1like acquiring a second
language, in that if it is learned as a child then learning
will be easy relative to learning as an adult. They claim
that there may be a critical period for acquiring this skill,
after which the ability to distinguish pitches from other
pitches (relative pitch) becomes the most important musical

skill.
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Although the cognitive-perceptual evidence reviewed
here is suggestive of necessary innate characteristics that
potentiate expert performance, the data are far from
conclusive. It is necessary to consider other attributes that
are particularly pertinent to sports to determine whether
individual differences in motor abilities are predictive of
performance on tasks that would appear to require these
abilities.
Evidence for Innate Motor Abilities
There have been researchers who proposed the idea of
a "general motor ability", that eventually 1lead to the
development of tests of general abilities (e.g., the Barrow
motor ability test, McCloy’s general motor ability test,
Cozen’s athletic ability test) as well as the development of
the idea of "motor educability", a term developed by Brace
(1927). On the opposite side there have been researchers who
have refuted the idea of a general motor ability and instead
have proposed a specificity hypothesis of motor ability (e.q.,
Henry, 1961). The idea of a general motor ability, although
a convenient proposal, has not actually achieved much support
(e.g., Gross, Griessel & Stull, 1956; Henry, 1961; Singer,
1966). Much of the evidence against a general ability has
been in terms of low correlations between different abilities
that may at first appear to require similar skills, e.g
throwing and kicking (Singer, 1966) and RT and MT (Henry,

1961) . However, recent research by Keele and his associates
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has lead to the proposal of general abilities in
characteristics not often considered; timing, sequencing and
force control (Ivry & Keele, 1989; Jones, 1993; Keele, Cohen
& Ivry, 1990; Keele, Ivry & Pokorny, 1987; Keele, Pokorny,
Corcos & Ivry, 1985). They propose that skills can be broken
down into components controlled by different modules in the
brain and thus termed it the "modular approach". Their view
is based on the idea that the brain is organised by function,
and two different tasks may require the same common function
such as the regulation of force.

Keele and his colleagues have proposed three separate
modules in the brain, although they appreciate that there may
be more. Keele et al. (1985) examined the idea of a common
timing mechanism. They demonstrated, via a tapping task, that
timing accuracy correlated across different effectors, that is
the foot and finger (r =.90), and also that timing judgements
were related to subjects’ ability to produce taps accurately
spaced (r =.53). Keele et al. also found that skilled piano
players demonstrated less variability than non-pianists for
both perception and production of timing tasks. Although
this finding suggests an underlying ability, it does not rule
out the possibility that this is a skill acquired through
practice, especially as Ericsson et al. (1993) found that
accumulated practice on the piano could predict performance on

simple finger tapping tasks. Similar evidence has been
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demonstrated for force control (Keele et al., 1985) and
sequencing (Keele et al., 1990).

Two other types of evidence lend support to this
theory. First, from a neuropsychological perspective, timing
has recently been linked with the cerebellum (Ivry & Keele,
1989). It has been found that only cerebellar patients were
impaired on both a perceptual and a production timing task
compared to brain impaired controls. Second, there is the
phenomenon of clumsiness. The abilities approach to motor
learning would suggest that people who are high on certain
abilities will achieve superior performance in a number of
tasks. Consummate to this, individuals who have low levels of
ability will perform poorly on motor skill tasks (Jones,
1993). Therefore, is there a group who demonstrates this poor
performance, and at the same time scores poorly on modules
that are supposed to measure these basic abilities? Clumsy
people would appear to fit into this category and indeed when
a group of clumsy children were compared to a normal control
group and tested for timing, it was found that for both
production and perception the clumsy children displayed poorer
ability (Williams, Woollacott & Ivry, 1989, as cited in Jones,
1993). Likewise, there was also suggestive evidence of poor
force regulation amongst clumsy children (Lundy-Ekman, Ivry,
Keele & Woollacott, 1991).

If these abilities represent unmodifiable traits, then

training in these skills should not make a difference to
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performance. In a recent unpublished study Jones found that
although performance on a tapping task improved with practice,
that is, decreased in variability even for intertap intervals
not practised, the training did not transfer to a perception
timing task. This presents problems for the modular approach,
in that although it suggests that basic abilities cannot be
trained, it could equally mean that improvements in
performance are task specific. It could also mean that
perhaps the module of "timing" is still too general to be
proposed as an ability. This suggestion that abilities are
more specific has received much attention from Fleishman,
whose ideas have recently been expanded upon by Ackerman
(1988).

Fleishman has been responsible for identifying
individual differences in several abilities using factor
analyses, so that performance could be predicted on complex
tasks such as flying a plane (e.g., Fleishman, 1966;
Fleishman, 1972; Fleishman & Hempel, 1955; Fleishman &
Quaintance 1984). Fleishman and Hempel (1955) in one of their
first experiments tested 264 subjects on 9 tests measuring
motor abilities and then asked the subjects to perform a more
complex discrimination motor task. They found that
performance on the task was related to different tests of
abilities at different levels of practice. For example,
spatial ability accounted for 36% of the variance in

performance at the start of practice, but this decreased to
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11% at the end of practice and other abilities became more
important (e.g., rate of arm movement).

Ackerman (1988) has put together an integrative
theory, whereby early skill acquisition theories, e.g., Fitts
(1964), Fitts and Posner (1967); Anderson (1982), are combined
with research regarding individual differences in ability.
One of the consequences of this integration is the notion that
because the learning of a motor skill passes from a cognitive
to an automatic/procedural stage, cognitive ability such as
"reasoning" will predict initial performance on a motor task.
Although this proposition is common to both Fleishman’s and
Ackerman’s research, Ackerman details more specifically how
the influence of cognitive abilities is dependent on the
complexity of the task and the consistency of learning. He
also proposes that after practice at a task, individual
differences in basic ability, such as intelligence, can still
account for a great deal of variance between individuals,
which was not suggested by Fleishman. That is, if the initial
productions are not formulated effectively early in learning,
cognitive ability will still account for individual
differences at extended levels of practice. This idea is
contrary to that predicted by Ericsson et al. who claim that
individual differences after extended practice will be the
result of differences in time spent in "deliberate practice".

Ackerman proposes three types of abilities that

differentiate between individuals at different phases of motor
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skill acquisition. These are general intelligence,
perceptual-speed ability and psychomotor ability. According
to his theory the role of these abilities diminishes or
increases depending on the stage of learning. That is
psychomotor abilities, such as simple reaction time (SRT), do
not differentiate individuals until they have had considerable
practice at a task. Thus, at the same time as these increase
in predictiveness, the role of perceptual-speed abilities
diminish. Ackerman has tested his predictions using an air
traffic control simulation and has demonstrated considerable
support. It is worth noting, however, that the 1learning
tasks, although substantial for a 1laboratory training
situation, are by no means comparable to the ten years of
practice that Ericsson et al. propose are necessary to achieve
expertise in real-world domains. Indeed, whether individual
differences in general abilities 1limit the acquisition of
expertise has not really been addressed in this work.
Although Ackerman finds that something like SRT correlates
highly with performance on a complex discrimination RT task
after 800 trials, no such relations are found when cross-
sectional studies comparing real world expert and novices are
performed (e.g., Starkes & Deakin, 1984). Garland and Barry
(1990) also suggest that after continued exposure to a sport,
individual differences in abilities are no longer important.

Indeed, early studies (e.g., Trussel, 1965, in 3juggling)
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demonstrated the poor relationship between initial performance
and later achievements.

Genetic Evidence

General introduction

The toughest evidence for any theory that proposes a
primary and indeed overwhelming role of the environment, is
genetic evidence to the contrary. The strongest genetic
research is based on the twin model, especially the
demonstration that MZ twins, when reared apart, still show
significant correlations for many characteristics. Ericsson
et al.s’ model only allows for the genetic determination of
height as an important component in the acquisition of
expertise in sports like volleyball or basketball. However,
even in basketball there are still people who play
professionally who have circumvented, to a degree, this height
constraint and play basketball even though they are under 6
ft. tall. Even individuals who sustain serious physical
injuries are able to overcome these and make it back to the
top level of competition (e.g., Silken Laumann, the Canadian
rower who broke her leg, then went on to win silver at the
Olympics) or achieve amazing physical endeavours (e.g., Terry
Fox) .

There have been many studies, however, that strongly
indicate a significant role for genetics in the determination
of many abilities that would be necessary to acquire expertise

in many domains, and that would appear to give individuals a
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headstart in the learning process. Galton (1875) introduced
the twin-study method to distinguish between the roles of the
environment and inherited characteristics. His research,
which involved examination of both physical characteristics
such as height and strength, as well as psychomotor
characteristics, such as RT, led him to the followihg
conclusion (as cited in Bouchard, 1984, p. 147)

There is no escape from the conclusion that nature

prevails enormously over nurture when the differences

of nurture do not exceed what is commonly to be found
among persons of the same rank of society and in the
same country. My fear is, that my evidence may seem
to prove too much and be discredited on that account,
as it appears contrary to all experience that nurture

should go for so little. (1875, p. 576).

Although this opinion would now be viewed as extreme,
there are still many researchers who believe that nature has
a significant role to play in the acquisition of expertise.

Cognitive evidence

In a recent review of family and twin studies
examining cognition and heredity, Plomin (1988) concluded that
as much as half the variance in IQ scores is due to genetic
variation. The most recent study on twins and genetic
determination of IQ has been the Minnesota Study of Twins
Reared Apart (Bouchard, 1984). Analyses have yielded a
correlation of .58 for performance on the Raven’s Progressive
Matrices and .78 for the Mill Hill. These correlations are
comparable to those of MZ (monozygotic) twins reared together

and are considerably greater than those for DZ (dyzygotic)

twins reared together, .19 (Raven’s), .37 (Mill Hill).
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Physiological evidence

Although considerable data are now available on the
adaptability of the physiological system, it is also necessary
to review the evidence that individuals are limited by their
physiological characteristics and that no matter how hard
someone trains, they will never surpass a threshold determined
by their genetic make-up. For example, Prud’homme, Bouchard,
LeBlanc, Landry and Fontaine (1984) submitted 10 pairs of non-
trained MZ twins to a 20 week endurance training program to
determine whether the sensitivity of maximal aerobic power
(MAP) to aerobic training was genotype-dependent. The twins
increased their aerobic and anaerobic power significantly
after training. More interestingly, however, the intraclass
correlation coefficient for VO,max was .74 between the twin
pairs. This finding strongly suggested that sensitivity to
training was genotype-dependent. As well, some of the
individuals did not improve or gained very 1little with
training. This result was further supported by Klissouras
(1973, as cited in Klissouras, 1976) who highlighted the case
of a pair of DZ twins, where one was a competitive runner yet
had a VO,Max lower than that of his untrained brother.
Klissouras (1976) concluded from this observation that,

The implicit postulate of this observation is that

some individuals with a weak genotype have to use a

greater amount of physical activity to attain an

average adaptive value, whereas those with generous

native endowment may not need more than a threshold

exposure to maintain their already high adaptive
value. (p. 196).
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Hamel, Simoneau, Lortie, Boulay and Bouchard (1986), who gave
15 weeks of endurance training to 6 pairs of MZ twins also
found that VO,max was 4.6 times more similar within twin pairs
than between. Although these findings highlighted possible
genetic limitations, improvements with training for aerobic
capacity (i.e., VOo,max) were observed. However, Hamel et al.
failed to find any training effects for muscle fibre type,
although the findings from past studies suggested that
endurance training for a longer period than 15 weeks was
needed to change fibre type.

Psychomotor abilities and physical characteristics

Malina (1984) examined similarities between twin pairs
ranging from 3 to 18 months old on the Bayley test of motor
development. He found that MZ pairs were more concordant than
DZs, although the differences between the correlations
decreased with age, indicating that maybe practice or
experience modified performance on these measures. However,
Engostrom and Fischbein (1977) measured strength concordance
in pairs of MZ and DZ twins and found that the correlations
were .83 and .47 respectively and that even after controlling
for leisure time these correlations only slightly decreased to
.80 and .33. Similar evidence for heredity of strength has
been found among sibling and parent-child pairs (Monotoye,
Metzner & Keller, 1975).

By examining familial relationships, Ishidaya (1957,

as cited in Malina, 1984) proposed that 40 - 45% of the
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variance in the 50m dash could be accounted for by genetics.
In a relatively uncomplex sport like sprinting, one might
expect a 1limit in the attainment of expertise due to a
physiological limitation in explosive strength for example, or
muscle fibre type. Indeed, Kovar (1981) found that estimates
for heritability decreased with distance, that is .83 for the
20m dash, .62 for the 30m and .45 for the 60m dash.

Eastern European studies have also provided evidence
of a significant role of genetics in running and jumping
(Kovar, 1974; Sklad, 1973; Weiss, 1977; as cited in Malina,
1984). The triple jump was found to be the exception and this
was suggested to be due to the amenability of the sport to
training. Indeed, Marisi (1977) estimated heritability to be
.96 on a pursuit rotor task, after testing 70 pairs of twins,
however, this estimate decreased to .45 after 30 practice
trials. Although obvious effects of training were evident,
the heritability score was still high. It remains of
interest, however, to see at what point during training either
heritability estimates reach zero or stop decreasing.

Malina and Mueller (1981) conducted an extensive
investigation of school children in Philadelphia to determine
the genetic and environmental influences on motor performance.
Malina and Mueller measured both strength and motor
performance variables such as the 35yd dash and standing long
jump of sibling pairs. They found that heritability estimates

for grip strength were considerably high as well as for
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softball throw. They concluded that their findings supported
those from twin studies. Both strength and motor performance
variables had a moderate genetic component, but the
environment also had a significant role to play, especially as
male siblings were found to consistently yield higher
correlations than female siblings.

Balance has also been examined and heritability
estimates have ranged from .27 (Williams & Gross, 1980) to .86
(Sklad, 1973). Correlations between relatives for psychomotor
abilities such as RT, have also yielded inconsistent findings
(e.g., Komi, Klissouris & Karvinen, 1973; Vandenberg, 1962).

Conclusions

Although there is substantial evidence for the
heredity of many traits and abilities, estimates of
heritability have often been highly variable from study to
study. As well, genetic theories of talent come under
scrutiny when it is observed that exceptional performance can
be achieved in the absence of close relatives who possess any
skill. For example, Sloboda and Howe (1991) observed that 40%
of the most outstanding pupils in a prestigious music school
had parents with no musical talent. 1Indeed, it is possible
that even those who do have musically talented parents, could
achieve because of special nurturing and early exposure to the
domain that interested parents provide. The inconsistency in

genetic data for certain traits could be explained by a recent
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theory of genetics by Lykken, McGue, Tellegen and Bouchard
(1992) called "emergenesis".

In the Minnesota study of twins reared apart, Lykken
et al. were surprised to note the number of similarities in
idiosyncratic traits/habits between the twins. For example,
there were a pair of MZ twins who were habitual gigglers even
though they’d been raised separately by undemonstrative
parents. DZ twins seldom showed these habitual resemblances.
Lykken et al. suggested that the shared traits of MZ twins and
the low correlations between DZ twins were the result of a
specific configuration of genes. Due to the fact that MZ
twins share all their genes they are likely to be highly
correlated on most traits (e.g., voice characteristics).
However, siblings seldom have similar voice because there is
a low probability of inheriting the specific configuration of
genes that would indicate heredity of voice. Therefore, their
theory offers an explanation for 1low and inconsistent
correlations found between sibling pairs, DZ twins and parent-
offspring relationships, even when MZ twin studies yield
extremely high correlations.

An example of a trait that could be an emergent
property of a configuration of genes is "extraversion". For
example, Pederson, Plomin, McClearn and Friberg (1988) found
a correlation of .30 for MZ twins reared apart and .54 for
those reared together, when DZ twins reared apart only yielded

correlations of .04, and .06 for DZ twins reared together.
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More noticeably when subjects in the Minnesota study answered
questions on occupational and recreational interests 503 pairs
of middle~aged MZ twins demonstrated a correlation of .51,
however for DZ pairs this correlation was only .14. The MZ
twins reared apart showed similar correlations to MZ twins
reared together. This finding led Lykken et al. to the
conclusion that at least half the stable variance in arts and
crafts, as these correlations were stable over a three year
retest period, is based on genetic factors but is only
slightly familial.

Lykken et al. also claim that their theory can account
for genius and exceptional performance. They propose that,
"unique configurations of attributes, that cannot be
transmitted in half helpings " (p. 1573) lead to exceptional
performance. Therefore, there may be many traits or
abilities that are actually genetic, but will not be
recognised as such unless MZ twins are studied. They conclude
that competence in any area is probably a configuration of
component traits that one is either born with or not. Plomin
and Bergeman (1991) have also claimed that the effect of
genetics is actually more widespread than commonly believed.
This is due to the genetic influence on traditional
environmental measures that has previously gone unconsidered.
For example, life event measures have yielded high
correlations for MZ twins reared apart (.49) suggesting

significant genetic influence due to personality disposition,
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for example, especially for events that are designated as
controllable.

The important issue when considering genetics is what
effect inherent characteristics can have on attainment of high
levels of performance. If inherent characteristics are
unmodifiable then surely genetic make-up plays a considerable
limiting role. Indeed differences between the sexes offer the
strongest support for limitation of ability based on genetics
and is the reason why sporting events are usually classified
by gender. °

The role of genetics in the determination of
exceptional performance causes one of the most serious
problems for Ericsson et al.s’ theory. Even interactionists
(Plomin, DeFries & Loehlin, 1977) would argue that because the
two are so interwined, trying to build a theory solely around
practice would be pointless. There are also a number of other
problems with Ericsson et al.s’ framework that relate back to
earlier concerns surrounding the nature-nurture debate, as
well as more specific problems with the applicability of the
framework to sport.

The most serious problem for any theory that proposes
that behaviour is either the result of the environment, or the
result of heredity, is that observable behaviour is always a
contribution of the two, even prenatally. People can always
debate whether a person is predisposed towards a certain

behaviour or whether a person engages in a certain activity
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because of exposure and encouragement. Klissouras (1972)
argued that the question, " ’Is an athlete born or made?’ is
meaningless...since heredity cannot operate in a vacuum and
there must be an appropriate environment where the heredity
factor attains full expression." (p. 199).
Conclusions
Although there is substantial suggestive evidence of
"innate abilities"™, there is also considerable evidence
detailing the adaptability of a person’s general performance
capacities as a result of intense practice. Although
heritability estimates for certain abilities, such as
strength, are quite high, these estimates are for a general
population and it may be that unless a person puts in the
effort to change or adapt their physiological or cognitive
functioning, for example, then they will always perform within
certain 1limits. Recent evidence suggesting that the
biological system is actually more adaptable than once
believed has begun to emerge. As well, there is significant
evidence, especially in sports, that the characteristics that
differentiate highly skilled and less skilled athletes are not
general abilities, rather domain-specific cognitive skills.
This evidence will be reviewed along with age and motivational

factors that effect the attainment of expertise.
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Support for a Theory of Exceptional Performance Based on
"Deliberate Practice"
Cognitive and Perceptual Evidence
Cross-sectional studies of experts have provided
considerable evidence that differences in individual
performance levels are the result of acquired skills and ndt
innate abilities. A number of studies have shown little or no
differences between experts and novices in wunderlying
abilities, on tasks that assess general processing skills,
such as SRT, or tasks that measure general perceptual
abilities, such as dynamic visual acuity, (Starkes, 1987;
Starkes & Deakin, 1984). The primary factors that
differentiate various skill levels have been recall of game
information and decision accuracy. This superior memory
performance has been demonstrated in many different sports
including ballet (Starkes, Deakin, Lindley & Crisp, 1987),
basketball (Allard et al., 1980), football (Garland & Barry,
1990), snooker (Abernethy et al., 1994) and soccer (Helsen &
Starkes, under review). As well, Chase and Ericsson (1981,
1982) have examined many "memory experts" and have concluded
that exceptional memory ability is not due to an underlying
superior memory capacity, but rather to the acquisition of
efficient encoding and retrieval mechanisms acquired through
experience within the domain.
For example, Chase and Ericsson (1982) demonstrated

that subjects could be taught to improve their memory
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performance on the digit span, to equal or better than that
reported for "exceptional" subjects. They claim that this
ability is not due to a superior basic capacity, as memory
experts come to access information from LTM rather than
improving their STM capacity (Ericsson, Chase & Faloon, 1980),
but rather to memory skills that are acquired, such as
chunking, along with efficient encoding and retrieval
operations. This claim is substantiated by the fact that
superior memory skill shows very 1little transfer to novel
tasks or domains. For example, "SF" (Ericsson & Simon, 1984)
used running times to encode digits and therefore could not
transfer this strategy to memory for consonents.

The idea that differences in memory performance are
due to efficient strategy usage, as opposed to fixed
structural differences, has also been substantiated by Brown
(1974) who examined causes of poor memory performance in
people with mental retardation. Similarly, Bransford, Stein,
Vye, Franks, Auble, Mezynski and Perfetto (1982) in a series
of studies found that differences between good and poor
learners was due to a reluctance of the poor learners to
spontaneously go beyond the information given in a text, that
is, to elaborate on information, to aid them in recall.
However, when these poor-learners received training in
elaboration, they were able to considerably improve
performance, although generalisability of training was

limited.



28

As early as the late 19th century Bryan and Harter, in
their classic investigation of telegraphic skill, discussed
the importance of strategy development to the attainment of
expertise. They investigated the acquisition of telegraphy
skill and noted that the learning curves were characterised by
several performance plateaus. Overcoming these plateads
required the acquisition of new strategies which required
intense effort and problem solving and indeed not all the
telegraphers put in the effort to achieve these "expert"
levels. These early findings of Bryan and Harter offer strong
support for Ericsson et al.s’ theory of "deliberate practice",
in that it is the type of practice that is engaged in that is
important (i.e., relevant, effortful and not inherently
enjoyable), rather than just experience with the domain.

A recent study by Baba (1993) has also provided
support for the importance of strategy knowledge rather than
general motor ability, in predicting video game performance.
Baba devised a series of experiments to determine whether
motor performance or strategy knowledge was the greatest
predictor of expertise in playing video games. A number of
interesting findings emerged. First, movement skill was found
to be specific to playing a game subjects were familiar with,
’‘Lady Bug’, along with their familiar joystick. However, even
with a different joystick the experts were still twice as good
as the novices. In a second study both game knowledge and

movement control were compared during acquisition of ‘Lady
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Bug’ skill. There were four groups: the movement group who
only practised outside of the game context; the strategy
group, who were only given instruction regarding strategy; a
group who received both types of instruction; and a control
group who received no training at all.

From examination of the 1learning curves, it was
observed that performance scores for all groups were very
similar at the start of testing. After a number of hours of
practice the group who had received only strategy training
(without exposure to the domain), surpassed the movement
training only group. In fact by the 10th block of practice
subjects who had only received strategy training were
performing as well as the group who had received instruction
in both movement control and game strategy. It is important
to note, however, that differences in movement control only
may manifest much later on in development, once the necessary
strategies have been acquired. This idea is in accordance
with the skill acquisition view that learning undergoes a
transition from a declarative mode of control to a procedural
one (Anderson, 1982) and also with Ackerman (1988) who has
provided evidence that psychomotor abilities account for
differences between individuals later in acquisition.

Skilled perception has also been shown to be the
result of acquired knowledge and experience within a domain
rather than superior "hardware". For example, Helsen and

Starkes (under review) have conducted a series of experiments
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examining skilled perception in soccer utilising a number of
novel techniques. No differences were found between expert
and novice soccer players on tasks that measured static
acuity, and dynamic visual acuity, however, differences were
shown in visual search for domain specific displays, for eye
movement fixation, location, and duration. They concluded
that due to the expert’s knowledge of the game s/he is able to
use advance information to anticipate subsequent events. 1In
this experiment it was evidenced by faster initiation of
response times for experts when presented with a dynamic
situation requiring an appropriate physical response. Similar
perceptual advantages for experts have been demonstrated by
Abernethy et al. in snooker (1994), Allard et al. (1980) in
basketball, Allard and Starkes (1980) in volleyball, Goulet,
Bard and Fleury (1989) in tennis, and Lesgold et al (1988) in
X~Ray diagnosis.

Recently Adam and Wilberg (1986) and Adam (1987),
proposed that the perceptual advantage demonstrated by experts
in fast action sports, is due to an underlying ability to
rapidly process visual information. They support their theory
by showing that the top ranked varsity hockey players,
basketball players and down-hill skiers were more accurate at
identifying letters displayed at various exposure durations,
than the bottom ranked players within the club. However,
Starkes, Allard, Lindley and O’Reilly (1994) failed to

replicate these findings. In two similar studies, no
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significant differences in visual information processing
(V.I.P) accuracy were observed between players and non-players
and these findings held even when only players were examined,
which was comparable to the Adam and Wilberg procedure. For
the recall task, no game structure by V.I.P. ability
interaction was found, even though recall performance on game
slides and diagrams consistently discriminated between players
of varying skill 1levels. Correlations between V.I.P.
performance and diagram recall were .28 for players and -0.09
for non-players. Therefore, even if differences are
demonstrated between individuals in basic V.I.P ability, this
ability is not a necessary or sufficient factor in fast action
sports.

It would seem fair to conclude from the evidence above
that supposedly stable characteristics, such as memory and
perceptual ability, are actually extremely adaptable to the
domain where they are used or needed. A short term memory
capacity of 7 +/- 2 units (Miller, 1956) does not limit the
performance of memory experts who are able to successfully
overcome constraints by developing new efficient strategies
that can bypass structural limits (Salthouse, 1991). This
adaptability of the biological system has recently been shown
to be more diverse than originally expected.

Adaptability of Physiological Characteristics
Time and time again studies have demonstrated that

there are physiological differences between elite and non-
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elite athletes. These differences have been shown for muscle
fibre type distribution, the cardiovascular system and lung
capacity, among others. Research, however, has been primarily
cross-sectional in nature making it extremely difficult to
determine whether elite athletes are indeed born with superior
physiological systems, that are unmodifiable, or whether these
biological factors are adaptable to physical training.
Bouchard (1986), after reviewing considerable empirical
physiological evidence, concluded that only a moderate genetic
component was responsible for differences observed between
individuals.

Tesch and Karlsson (1985) have recently demonstrated
that the physiological system 1is not as stable and
unmodifiable és once believed. Rather than looking at one
specific area of muscle, they examined two separate areas that
were trained in one group of athletes and untrained within
another. It has frequently been shown that endurance athletes
have a higher percentage of slow twitch fibres which are
particularly suited for long distance running (see Bouchard,
1986, for a review), however, this result has only been
demonstrated when taking biopsies from the 1leg muscles.
Therefore Tesch and Karlsson compared the deltoid (shoulder)
muscles and vastus (leg) muscles in kayakers, wrestlers, long
distance runners, power 1lifters and physical education
students. They found that the kayakers, wrestlers and

lifters had a higher percentage of slow twitch fibres in their
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deltoid compared to their vastus muscles, however, the runners
had the opposite, a greater percentage of slow twitch fibres
in their vastus as compared to their deltoid muscles. Lifters
also demonstrated a greater fast twitch area of the vastus
than runners. From these findings they concluded that muscle
fibre type composition is the result of strenuous exercise of
a particular group of muscles, and that heritage of slow
twitch fibres cannot alone account for superior performance in
endurance runners.

Support for Tesch and Karlsson has come from Miiller
(1974) and Jaweed, Herbison and Ditunno (1977) who have shown
that prolonged exercise of rats leads to a transformation of
fast into slow twitch fibres. Salmons and Henriksson (1981)
reviewed the area of muscle fibre adaptability and stability
and concluded that certain properties of the muscles are
resistant to change, but that after prolonged stimulation
changes are noted. Indeed, some of the earlier work that has
demonstrated the stability of muscle fibre types could be
either due to the duration of the exercise or stimulatidn;
that is, it being too short, or because there has been a
failure to identify fibres in transformation, now classified
as type II C (Jansson, Sjédin & Tesch, 1978).

Prolonged intensive training has also been linked to
the size of the heart. Elovainio and Sundberg (1983) followed
adolescent elite endurance runners over a five year period and

found that although differences in relative heart volume were
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not significantly different between endurance runners and
normal physically active boys at 14 years, the differences
were significant for a number of measurements, including
relative heart volume and aerobic power (Vo,max) at 19-20
years of age. Indeed, one of the runners in their study‘was
found to have increased his aerobic power by 29% and it was
found that this runner had also covered the gréatest training
mileage. Hagan, Smith and Gettman (1981) in a regression
study designed to predict marathon performance from maximal
aerobic power and various training indices, found that
although aerobic power was related to marathon performance
times, the frequency, intensity and duration of the training
program preceding the race accounted for as much of the
variation in marathon times as did the physical attributes.

Morganroth and Maron (1977) also demonstrated that the
mass of the heart was dependent on the activity engaged in.
Similar to Tesch and Karlsson, they showed that athletes who
focused on strength, showed a thicker left ventricular wall,
which was normal in endurance athletes, but that athletes who
focused on endurance showed an increased left ventricular
diastolic volume which was normal for wrestlers. Although the
possibility of self selection for a specific sport cannot be
disregarded, it was found that these characteristics of the
heart were outside the normal range of untrained athletes, but
that the rest of the cardiac characteristics were actually

inside the normal range.
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From these physiological studies it is evident that a
great deal of intensive training is needed to change
biological characteristics to ones more suited to the activity
engaged in. It is therefore necessary to review the evidence
that individuals who achieve exceptional levels have actually
begun training at a particularly young age that would give
them the opportunity to adapt their biological apparatus?
Relationship Between Age and Exceptional Performance

The extensive research conducted by Bloom and his
associates in various domains of expertise provide us with
substantial historical data detailing the ages of initial
involvement within various domains, and has led Bloom to
propose a 3 stage model detailing the preparation period for
attaining exceptional levels of performance. The first stage
is extremely important to Ericsson et al.s’ framework, as it
provides a plausible answer to the important question, what
leads to this initial involvement and the continuation of
practice for many years? Another important question that
needs to be addressed when considering the relationship
between age and achievement is why, if performance increases
monotonically as a function of age, do performers consistently
peak at a certain age within their domain?

Children are continually compared across chronological
age for most activities that they undertake. This would
include activities such as school work, sport and music.

Therefore, if a child gets an early start over his or her
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respective age group then s/he will have accumulated more
hours of practice at a given age when comparisons are made
(e.g., the awarding of academic scholarships). Extra hours
of practice that a child engages in before starting systematic
practice could lead the coach to attribute extraordinary
talent and/or learning ability to the individual, rather than
attributing the cause of the performance to a greater amount
of experience. Indeed, there is a common bias amongst people
to attribute cause internally (Jones & Nisbett, 1972) rather
than look around for external causes of behaviour. In the six
domains studied by Bloom and his colleagues it was rare that
the children were given special instruction because the
parents believed that they had some special "talent". Indeed,
the fact that the experts had been exposed to the domain early
on seemed to account for the child being judged as a fast
learner when joining a club/team. An early starting age,
however, is not necessarily predictive of expert levels of
performance. According to Ericsson et al. initial involvement
will need to be maintained for many years for expertise to be
achieved, which is not always the case. Indeed, there are
many cases of child prodigies who never become adult experts
(see for example Bamberger, 1986).

Evidence for this early starting age advantage has
been provided by Krogius (1976) in chess, where he found that
starting age was correlated (r =.48) with the age of first

achievement at international level. Among chess experts, the
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age of active participation has consistently been before the
age of 10 years (e.g., Krogius, 1976). In the music domain
Sosniak (1985) found that for 21 international piano players,
the mean age for their first piano lesson was at the tender
age of 5.7 years.

In sports there is substantial evidence for eariy
participation. Kalinowski (1985) examined international
swimmers and found that they began swimming lessons at 4.5
years and started systematic practice at 7 years. In
gymnastics, Kaminski, Mayer and Ruoff (1984, as cited in
Ericsson et al., 1993) found a mean starting age of 6.9 years
for an adolescent group who had reached regional level, and
9.7 years for the beginning of systematic training. In fact
a second group of gymnasts who had reached national level
actually started on average 2 years earlier than those of the
regional level gymnasts. It is important to bear in mind,
however, when considering early involvement in sports, that
any type of early physical activity could actually compensate
for a lack of early exposure in any one specific sport
(Monsaas, 1985). Indeed, certain sports may require a minimal
level of strength or height before practice can begin (e.gq.,
rowing or wrestling).

Initial involvement within a domain has been suggested
to be primarily a function of the parents, and indeed Bloom
(1985), Fowler (1969) and Scheinfeld (1956) have all found

that it is usual for at 1least one of the parents to be
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interested in the same or similar activity. Fun and
encouragement are often precursors to sustaining of the
activity originally, and as suggested by Sloboda et al. (1994)
this could be responsible for the development of the high
intrinsic motivation that is necessary to —continue
successfully within the domain. As already noted, if the
child is compared to his or her peers, the parents, or indeed
the child, may come to believe that s/he has a special
aptitude for a specific activity. Kalinowski (1985) noted
that in a group of elite swimmers, it was not until quite a
while after initial exposure (about 6 years) that the swimmers
appeared to be gifted! However, this early enjoyable stage
needs to be replaced by the introduction to systematic
practice, which according to Ericsson et. al. is no longer
enjoyable. Nevertheless systematic practice needs to be
sustained for a minimum of 10 years. So, what evidence is
there that expertise is not achieved with less than 10 years
of experience?

Simon and Chase (1973) observed that nobody had
reached the level of a grandmaster chess player, "with less
than about a decade’s intense preparation with the game" (p.
402). This "10 year rule" has been supported in numerous
domains including long-distance running (Wallingford, 1975),
mathematics (Gustin, 1985), medical diagnosis (Patel & Groen,
1991), swimming (Kalinowski, 1985) and tennis (Monsaas, 1985).

It is not only that expert performers need to spend about 10
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years practising, but also the amount of time they spend in
practice, according to Ericsson et al. should increase
steadily as a function of age. Indeed, when athletes were
asked to think back to their weekly involvement in the domain,
involvement was reported to increase as the individuals grew
older (Kalinowski, 1985; Monsaas, 1985). However, at what
point does practice start decreasing and why? 1Is it that more
effort is needed to maintain the current level of performance,
due to age related declines, or is it that athletes, or
musicians drop out due to conflicts with school, families,
injury, or professional careers, as proposed by Sack (1980, as
cited in Ericsson, Tesch-R&mer & Krampe, 1990)7?

Lehman (1953) in a comprehensive book which detailed
the relationship between age and achievement using data from
the late 19th - early 20th centuries, presented evidence that
the greatest achievements in the fields of physical and
biological sciences were in the scientists early to mid
thirties, this age range was also similar to that of music.
In sports these age ranges were much lower, e.g., 22 - 26
years for professional football players, although, the type of
sport was important, e.g., 31 - 36 years for peak performance
of professional golfers. Lehman suggests that among other
things, early peaks could be due to greater responsibilities
as a person gets older which inevitably lead to less time to

train, a decline in physical vigour, energy and sensory
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capacity associated with age, and too great, or too early fame
that can lead to complacency.

Ericsson (1990) has more recently reviewed age and
peak performance data and research. As Lehman had noted, mean
age for peak performance in various sports was demonstrated to
be a function of the event and this was supported more
recently by Schultz and Curnow (1988) who found that different
running distances were associated with different mean ages for
Olympic winners, specificaly, 22.85, 24.8 and 27.2 years for
100m, 1,500m and 5,000m races respectively. This age effect
was also stable across historical time; that is, the first 9
Olympics compared to the last 8. These findings suggest that
there is some maximum of performance level determined by age.
Cross-sectional investigations (Letzelter, Jongemann &
Freitag, 1986; as cited in Ericsson, 1990), also lend support
for this view. They compared best times for master swimmers
in the German national swimming championships across age
class, ranging from 25 -65 years. In this case a consistent
linear decrease with age was found. However, when Letzelter
et al. performed a longitudinal analysis, comparing master
athletes who had competed in several of the German
championships over a 13 year time span, although there were
differences in speed between the three age groups, 30 -34, 35
- 39 and 40 - 44 years, no significant decrements in
performance were found for individuals across age. This

finding suggests that if training is maintained, the decline
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in performance is not reliable (see also Stones & Kozma, 1982,
who found that cross-sectional studies demonstrate twice as
steep a decline in performance as do longitudinal studies.)
Indeed, Linford Christie, the British 100 metre sprinter, is
still running in 10 seconds or under and he is 35 years old!
Improvements in training and increases in the amount

of time spent training would appear to be the primary reason
for improvements in performance on specific events. However,
Schultz and Curnow (1988) found that the greatest improvement
has been demonstrated in the 400m freestyle swimming event,
where technical innovations have had the least impact. This
would suggest that improvements are primarily due to increased
practice hours. Ericsson (1990) also used performance data of
master runners, taken from Stones and Kozma (1981), and
compared these times to winners of the Olympic games and
unofficial World records of 1896. The 50 -~ 54 year age group
matched those times recorded for 6 running events in the
Olympics. Even the 65-69 year age group recorded times that
were extremely close to these Olympic winners. So decrements
in performance with increasing age, can be minimized if there
is a continuation of practice activities. Ericsson concluded
that declines in peak performance are the result of "pure
aging effects on physiological function, decreases in the
intensity and extent of training, and possible interaction

effects." (p. 191).
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Maintaining involvement in a domain for 10 years or
more requires considerable motivation on behalf of the
performer. This motivation, as indicated above, will be
driven by the achievement of goals, but will also start to
wane when either these are achieved or when external factors,
such as family or career, become more important or begin to
demand more time. The following section will address the
issue of motivation, in an attempt to determine what drives
those few people who reach elite levels of performance.
Motivation as a Moderating Variable to Exceptional Performance
An important constraint influencing duration and
intensity of practice is that of motivation. This
psychological variable is commonly believed to account for
much of the variance between individuals of different skill
levels. The fact that motivation is needed to train hard has
been frequently demonstrated in both sports and in the work
place via implementation of goal setting techniques (Locke,
Shaw, Saari & Latham, 1981). Marked improvements for various
activities have been demonstrated, even though all goal
setting does is produce an increase in duration and intensity
of practice or work. Indeed, elite athletes have frequently
been shown to spontaneously set their own goals, which could
account for the maintenance of their motivation to train. 1In
a summary of the types of goals set by expert performers,
Bloom (1985) concluded that in the middle years both long and

short term goals are set, but that in the later years these
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goals become much more explicit and are planned with the help
of the coach.

Goals or incentives are necessary to maintain
continued interest in the domain, however the type and length
of these not only depend on the stage in the performer’s
career, but also the domain itself. Csikszentmihalyi,
Rathunde and Whalen (1993) conducted a five year longitudinal
study on "talented teenagers" within the domains of art,
athletics, mathematics, music and science. They claimed that,
" ..if performance in the domain is not enjoyable in itself,
then the field must provide extrinsic rewards to attract
gifted young people to it." (p. 110). For example, in the
sciences long term career prospects and financial rewards are
more 1likely to be attained by the majority of talented
individuals rather than in athletics, where very few receive
the recognition and subsequent financial gain that can
accompany an elite sportsperson. However, sport offers
immediate feedback regarding performance, and it may be that
it is this short term intrinsic motivation that sustains the
interest of so many for a relatively short period of time, but
leads to very few actually continuing until expert levels are
achieved. Indeed, it is possible that only those who have the
goal-directedness in athletics or the arts, that is long term
goals, will be the ones to continue within the domain and

succeed. Csikszentmihalyi et al. report the case of ‘Ron’ the



44
saxophonist who was extremely committed to music. In an
interview, Ron made the following claim:

All my life I’ve always set goals. I mean one goal
after the next, after the next...And I just work and
work and work. I like that. It makes me feel good
when I can reach goals, but now they’re getting bigger
and bigger...My whole life is goals." (p. 236).
Whether this motivation or desire is externally driven by
career goals for example, or some dispositional quality of an
individual is another important consideration. It may be that
one needs to possess a certain combination of personality
traits to become an expert in any domain and therefore the
identification of these characteristics is necessary.
Kalinowski (1985), who interviewed expert swimmers and
their parents, found that the parents frequently described
their successful children as independent, determined and
competitive. These characteristics were also commonly
reported as defining characteristics of other elite athletes,
e.g., Monsaas (1985) in tennis. Nearly all the tennis players
believed that their personal qualities were more important
than their physical attributes. Silva, Schultz, Haslam,
Martin and Murray (1985) investigated top level wrestlers to
determine what characteristics differentiated the qualifiers
at Olympic trials from the non-qualifiers. The non-qualifiers
were found to score more highly than the qualifiers for all
measures of anxiety, and lower for emotional stability. The

qualifiers demonstrated a positive precompetitive affect as

measured by tension, depression, confusion and guilt. As this
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was a multidimensional study physiological characteristics
were also compared between the two groups. However, for
physiological characteristics the two groups were very
similar, although the qualifiers did demonstrate significantly
higher ventilation scores. In accord with previous research,
simple reaction time, choice reaction time and dynamic balance
failed to discriminate between the wrestlers.

Csikszentmihalyi et al. also found a great deal of
similarity in the personalities of their "talented teenagers".
Using the Jackson’s Personality Research Form (PRF) to compare
the personalities of the talented teens to average
adolescents, they found that the talented teens scored high in
achievement, were intellectually curious, high in
perseverance, dominance and exhibition. They were also
extremely sensitive to criticism and the females were noted to
score highly in androgenous traits, such as determination, and
low in typically feminine ones such as orderliness. However,
these personality traits had a low correlation with indices of
commitment, suggesting that there may be other variables,
rather than an individual’s personality that are important for
continued involvement in the domain. In fact,
Csikszentmihalyi et al. identified one construct that
correlated with commitment and that was whether an individual
reported having a "flow" experience. "Flow" was defined as an
experience whereby, "your concentration is so intense, your

attention so undivided and wrapped up in what you are doing
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that you sometimes become unaware of things that you normally
notice." (p. 145).

This finding stresses the importance of intrinsic
motivation as being a primary variable in sustaining interest
within a chosen domain, especially as "flow" was also a better
predictor of commitment than both academic potential and
material support. However, even though all the talented
individuals reported intrinsic reasons as being the primary
reason for engagement in their area, it was the artists,
athletes and musicians who identified their talent with "flow"
at more than twice the rate of the science and math students.

Another important finding to emerge from
Csikszentmihalyi et al.s’ research was the fact that the
talented children reported spending more time alone than the
average children (5 hour/week more). Csikszentmihalyi and
Larson (1984) report that being alone was not usually judged
as an enjoyable experience, so that a high degree of
motivation may have been necessary to do this. Indeed,
Csikszentmihalyi et al. (1993) later suggest that "gifted"
young children might give up not because they lack the
cognitive capacity to process the relevant information, but
because they cannot stand working alone." (p. 108).
Concentration was also found to be a significant
discriminatory quality between the two groups in that the
talented teens reported higher 1levels of concentration in

classwork, study, reading, sports and games. However, for
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less demanding activities concentration was reported to be
really 1low. The importance of concentration was not
surprising given that the "flow" experience was defined as a
period of intense concentration.

When considering motivational factors that are
responsible for effortful and sustained practice in a domain,
it is important to consider the self beliefs of participants,
as these may differentiate the experts from the average
performers and the individuals who drop-out. Dweck (1986) and
Vispoel and Austin (1993) have found that self beliefs are
more predictive of future performance in the class-room than
IQ. In sports as well, self efficacy beliefs have frequently
been shown to be highly related to good performance (e.q.,
Mahoney & Avener, 1977). Poppleton and Salmoni (1991)
conducted a multidimensional investigation of competitive
swimmers to determine the characteristics that were predictive
of swimming performance. Along with increased shoulder and
ankle flexibility, which were likely to be a result of domain
specific training, perceived athletic and swim competence
measures were found to be the most consistent predictors of
performance times across swim strokes. However, it is
important to bear in mind that perceptions of competence and
efficacy are highly dependent on past performance records and
experiences.

Self beliefs may also be important during the initial

stages of exposure to a domain, whereby if a child or their
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parents believe that certain traits are inborn, such as
musical ability or sports performance, they may then lack the
necessary commitment to practice, with their belief acting as
a self-fulfilling prophecy. Self beliefs are just one of
reasons that an individual may not stay committed to an
activity for a long period of time, but there are many other
factors that are responsible for what has been termed the
"drop-out" phenomenon and these must be investigated if a
fuller understanding of motivation is to be gained.

The Drop-out phenomenon

When considering the motivational factors that sustain
the interest and commitment of athletes over many years, one
must also examine the reasons underlying withdrawal from a
sport. If withdrawal is a result of low performance, then
this has important implications for cross-sectional studies
where only those athletes that have continued within the
domain are compared. Indeed, Sapp and Haubenstricker (1978,
as cited in Burton & Martens, 1986) claimed that more than
1/3rd of the 20,000,000 youth sport participants in the USA
drop out of sport each year.

Lindner, Caine and Johns (1991) in a 3 year
longitudinal investigation attempted to identify those factors
that would predict withdrawal from female competitive
gymnastics. Physical (e.g., height and weight), and
performance characteristics were examined (e.g., flexibility,

endurance and balance) as well as social and psychological
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factors. It was found that those who dropped out of
gymnastics, were generally taller and heavier, with greater
general flexibility, but less gymnastic-specific flexibility,
suggesting that the "persisters" spend more time in domain-
specific practice as compared to those who drop-out. The
authors concluded that age played a significant role in
attrition; that is, with increasing age there was a greater
chance of withdrawal, possibly due to other interests that
become more desirable as an individual grows up. Contrary to
expectations the drop-outs scored higher on motor performance
variables such as strength, endurance, power and speed and
generally responded positively about their perceived
competence, therefore withdrawal predictions based on
competence (e.g., Weiss, 1986) were discounted.

Burton and Martens (1986) also examined the reasons
for withdrawal from sport. Specifically they compared the
explanations derived from Nicholls’ (1984) motivational model,
that individuals drop-out of sport because the activity
threatens their perception of ability, to traditional
explanations of withdrawal based on conflict of interest,
which was previously believed to be the primary variable in
sport attrition (e.g., Gould, Feltz, Horn & Weiss, 1981;
Robinson & Carron, 1982).

A comprehensive investigation was undertaken of young
wrestlers in the USA who were either still wrestling for a

club team, or who had voluntarily withdrawn from wrestling in
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the previous year, as well as responses from their parents and
coaches. Perceived ability was found to be only moderately
related to a wrestler’s decision to quit the sport. However,
coaches rated this as a very important reason, which could be
reflective of the attributional biases of actors and observers
(Jones & Nisbett, 1972), whereby the observers (coaches) are
more likely to attribute the cause of drop-out to internal
factors such as ability, rather than external reasons, and
vice versa for the wrestlers. Surprisingly, sustaining an
injury or facing conflicts with required activities were rated
as generally unimportant, suggesting that psychological
variables such as strong motivation to succeed may be one of
the most predictive variables for continuance in a sport.
Indeed, all the groups of respondents, that is the persisters,
the drop-outs, their parents and coaches, believed that the
reason for drop-out from wrestling was simply due to a loss of
motivation. However, it was also found that persisters
reported significantly higher levels of perceived ability, and
won significantly more matches in the previous season compared
to the drop-outs. So, although these data initially suggest
that social conflicts or a lack of motivation 1lead to
attrition, there is also support for Nicholl’s theory that
athletes drop~out as the sport "no longer allows them to infer
high ability" (p. 194). These seemingly paradoxical findings
are suggested by the authors as due to a number of

possibilities. It may be that the wrestlers consciously
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attribute decisions to drop-out to external reasons, so that
perceived ability is enhanced, or it may be that these
decision processes are subconscious, so that even though
ability factors are important, the wrestlers are not
consciously aware of this.

These findings on drop-out in sport present mixed data
concerning the reasons underlying withdrawal. Obviously
motivational factors are important for the maintenance of
practice within a domain, but these factors could be mediated
by performance variables as well as by social conflicts.
Further investigation is therefore needed to determine the
reasons underlying attrition, with specific emphasis on
subjective and objective performance measures, so that the
role of psychological and possible physical limits can be
further delineated.

Conclusions

From the 1literature reviewed above there is a
multitude of direct and indirect support for Ericsson et al.s’
theory that expertise is the result of hours of "deliberate
practice". 1Indeed, it has never been shown that there are
"gifted" individuals who can progress in a skill/domain quite
effortlessly. For example, Hayes (1981) evaluated 76 major
composers and hardly any had produced major works before 10
years of intense practice.

The above evidence highlights how apparent biological

constraints can be sufficiently overcome by many hours of
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intense practice and that differences in ability cannot
account for a significant proportion of the variance between
individuals of different skill levels. Limitations that an
individual will face will be due to time, finances and
motivation. These findings on the adaptability of the
physiological system, the importance of domain-specific
cognitive skills in characterising expert performers, and the
important role of motivational variables in sustaining
interest and practice for many years has lead Ericsson et al.
to develop a comprehensive framework to examine the
acquisition of expertise.

The Development of Expertise as the Result of Hours of
"Deliberate Practice": The Theoretical Framework.

The question Ericsson et al. set out to answer was
whether practice and experience necessarily lead to expert
performance and whether there are any necessary minimal
biological attributes. They have distinguished between four
types of domain related activities; work, play, observing
others and "deliberate practice". "Deliberate practice"
involves activities selected primarily to attain and improve
certain skills and current performance levels. For example,
participating in competitions, would be viewed as work, as it
requires a "best" performance, is constrained by time, and
often is performed for some external reward. "Deliberate
practice" on the other hand does not necessarily require best

performance, nor is it necessarily constrained with regard to
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hours spent in the activity (although there are obvious
limitations, especially in sports where too much practice can
lead to injury or burnout, and equipment time and practice
partners may be limited).

Play is different from "deliberate practice" and work
in that there are no explicit goals and play is inherently
enjoyable. Within this framework Ericsson et al. claim that
"deliberate practice" is not inherently enjoyable and requires
much effort with the motivation to practice being purely
because practice improves performance. Ericsson et al. (1993)
propose that, "the level of performance an individual attains
is directly related to the amount of deliberate practice"
(p.370). They believe this relationship to be monotonic with
the basic assumption being that, "the amount of time an
individual is engaged in deliberate practice activities will
be monotonically related to that individual’s acquired
performance." (p.368)

"Deliberate practice" involves the negotiation of many
constraints, namely resource, motivational and effort
constraints. Time and energy are required to circumvent the
resource constraint, as well as having the available
facilities and finances. This is where the family plays an
extremely important role as the parents have to sacrifice much
of their time and money to provide the optimal training
conditions for their children. The importance of parental

support was stressed by Bloom (1985), and also by
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Csikszentmihalyi et al. (1993). The "talented teens"
investigated by Csikszentmihalyi et al were more likely to
perceive their families as adaptable to changing circumstance
as well as relatively high in cohesiveness, supportive and
challenging compared to average adolescents.

The motivational constraint needs to be negotiated if
an individual hopes to attain expert levels. This is
particularly difficult given that "deliberate practice"
activities are not deemed to be inherently enjoyable. The
motivation to practice and succeed needs to be strong enough
that other more attractive activities, such as leisure time,
will have to be sacrificed in order to have the time to
practice. As well the effort that is needed to engage in
"deliberate practice", which is particulary pertinent to
physical activity, needs to be maintained for long periods of
time, without sustaining an injury, or reaching exhaustion,
fatigue, or burn-out.

Ericsson et al. make a number of explicit predictions
regarding the developmental history of the expert performer,
the current levels and habits of practice and the experts’
evaluations regarding the role and nature of "deliberate
practice". First, they claim that the past amount of
"deliberate practice" is directly related to an individual’s
current performance, specifically that expert performance is
not reached with less than 10 years of "deliberate practice".

Secondly they claim that the highest improvement of
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performance, which will indirectly be the highest attained
performance, will be associated with the 1largest weekly
amounts of "deliberate practice". They propose that daily
periods of "deliberate practice" will be limited with rest
periods in between. Finally they predict that experts’
evaluations of "deliberate practice" will be high with regard
to relevance of the activity to improving performance, high in
terms of effort required and low with regard to inherent
enjoyment.

Empirical Tests in the Music Domain

A common belief among musicians and non-musicians is
that musical talent is a natural ability that a child is born
with, which will determine the attainment of exceptional
performance. Therefore, musical expertise provides the
authors with a challenging area of study. The subjects for
the first study were violin students at the Music Academy of
West Berlin. Two groups of 10 violinists, from within the
same department, were identified by their musical professors
as the "best" and "good" groups. A third group was studying
to be music "teachers", where lower admission standards were
permissable. Ten middle-aged violinists in internationally
renowned orchestras were also studied.

Biographical information was gathered via interviews
and subjects were asked to estimate how many hours per week
they had practised alone with the violin for each year since

starting. They were given two activity taxonomies, detailing
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everyday activities and musical activities and asked to rate
each activity on three dimensions of relevance to improving
performance, effort required to perform the activity, and
enjoyment. In the second part of the study subjects were
asked to keep a diary of all their activities for the upcoming
week, and then to code each activity according to the
taxonomy.

A number of interesting findings emerged. First, the
biographic histories of the subjects were very similar with a
mean starting age of 7.9 years, and the beginning of lessons
at 8 years. By the age of 23 years all subjects had spent at
least ten years practising. Therefore experience within the
domain would be judged by an observer to be similar without a
close inspection of the type and amount of practice.

There were no differences between groups when
comparing ratings for the activities, however, when the
ratings were combined, practice alone was given the highest
relevance rating. Of the everyday activities only sleep was
found to be more relevant than the grand mean for all the
activities. Only 2 out of the 8 activities rated as highly
relevant were rated as more enjoyable than the overall mean.
These were listening to music and group performance. Six out
of the 8 activities judged to be highly relevant were also
judged to require more effort than average.

Current levels of activities were examined via diary

records. Although the two best groups did not differ from
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each other in terms of number of hours spent practising alone
(M = 24.3 hour/week), they did differ from the group of
"teachers", (M = 9.3hour/week). It was found that the two
best groups preferred to practice alone for two hours before
lunch, which was not evidenced by the "teachers". Duration
and distribution of sleep was also examined and it was noted
that the two best groups averaged 60 hours of sleep/week
whereas the "teachers" only averaged 54.6 hours. This
difference was attributed in part to napping time during the
afternoon.

When leisure time was observed there was a significant
difference between the two best groups with the "good"
violinists spending more time in leisure (M = 4.7hour/day)
than the "best" violinists, (M = 3.5hour/day). However, there
was no significant difference between the "teachers" and the
average of the two best groups.

LeBlanc and Salmela (1987) have also compared the
amount of time spent in leisure activities for gymnasts who
had been followed over seven years. Those who were still in
the sport, "persisters", were compared to those who had
dropped out. They found that, "the time devoted to leisure
could best differentiate the persistent from the drop-out
gymnasts, with the former spending more time in this area than
the latter" (p. 199). Even though all Ericsson et al.s’
subjects were "persisters", the finding that leisure and rest

time are important to the training regime was supported. It
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appears, however, that some 1leisure time needs to be
sacrificed in order to spend time practising. Indeed,
Ericsson et al. found that for all the young violinists there
was a negative correlation between time spent in leisure
activities and music related activities.

When the retrospective estimates of "deliberate
practice" were examined correlations between both actual time
spent in an activity and estimated times for a typical week
were quite high. However, there was a tendency for the
experts to overestimate. The authors suggested this was an
indication of practice levels aspired to, as opposed to
attained. For all groups practice time alone increased
monotonically from the start of practice until 20 years of
age. From these retrospective estimates accumulated practice
was calculated. To avoid a bias toward the music academy this
measure was calculated for the groups up until 18 years of
age. The "best" group averaged 7,401 hours, which was
significantly different from the "good" group, who averaged
5,301 hours. The average of the two best groups was reliably
different from that of the "teachers", who averaged 3,420
hours. The difference was not significantly different for the
"best" and the middle-aged group, as would be predicted from
the framework.

Ericsson et al. were also able to generalize their
findings to piano experts. When a group of expert pianists

were compared to an amateur group, diary records demonstrated
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that the experts practised alone for 26.71 hour/week, whereas,
the amateur group only averaged 1.88 hours of practice alone.
Sleep and leisure time however, did not differ for the experts
and the novices. Subjects in this study were also compared on
a couple of general tasks unrelated to music, a choice
reaction time task and a digit-symbol substitution test. No
differences between the two groups were demonstrated on these
tasks. This finding is in agreement with numerous other
studies that have examined "hardware" components of motor
experts (e.g., Abernethy et al., 1994; Baba, 1993; Helsen &
Starkes, under review; Starkes, 1987; Starkes & Deakin, 1984).

Oon tasks related to the skill of piano playing
differences were observed. For simple finger tapping, experts
were found to be faster than amateurs with regard to their
interstroke interval. For a more complex hand coordination
task the experts again outperformed the novices. To examine
the predictiveness of their theory Ericsson et al. decided to
see whether they could predict performance on the skill
related tasks from hours of practice, just as well as
predictions based on subjects’ level of expertise. A
regression analysis revealed that accumulated hours of
practice alone did indeed predict performance on the skill
related tasks just as well as differences in expertise level,
which indicated that even something as simple as tapping speed

is acquired rather than inherited.
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Sport Specific Issues and Concerns

It is clear from Ericsson et al.s’ studies that there
is considerable support in the music domain to substantiate a
theory of expertise based on "deliberate practice". The
starting age is consistently young, both current and past
levels of practice differentiate skill levels and accumulated
practice is a significant predictor of performance in skill
related tasks.

However, there are problems with the specifics of
Ericsson et al.s’ framework when it is applied to sport. For
example, in sports there are some activities that individuals
engage in that are designed to maintain, rather than improve
performance (e.g., flexibility training in gymnastics or
wrestling). Also controlling diet is an important part of the
training regime in sports and is an activity designed to
improve performance but questions then arise as to whether
this would be considered "deliberate practice" according to
Ericsson et al.s’ framework, especially as most athletes would
rate it very low in inherent enjoyment! This problem would
also relate to the calculation of accumulated practice hours
and the question of whether they actually are accumulated
"practice" hours or "maintenance" hours?

In the music domain, training alone has been found to
be the most important activity, but in some sports training
"alone" is extremely hard, due to the nature of the sport

(e.g., wrestling where one requires a partner, and obviously
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for team sports). Therefore, one would predict that training
alone would not be the most important factor for improving
performance, rather training with others would be, which could
also lead to increased enjoyment for the activity (see
Csikszentmihalyi et al., 1993). Indeed team sports are often
engaged in for this very reason, and the psychological makeup
of a team player may be very different from an individual
athlete.

Related to the above point are the number of resource
constraints that an athlete may face compared to é musician.
Not only is there the necessity to train with a team or a
partner in many sports, but sports often require specialized
equipment and facilities such as an ice rink or a training
gymnasium. Resource constraints may have serious impact on
the time an individual can spend in specific types of
practice.

Another problem with the model is that competition
hours are not considered as important to the framework, yet it
is commonly observed that those who are more experienced with
the event, are better able to cope and yield their best
performances. For example, an individual who has wrestled in
four tournaments compared to an individual who is Jjust
entering his first, even though their hours of practice may be
equivalent, the more experienced wrestler would be expected to
yield the better performance. Indeed, the theory of context

dependent learning (Godden & Baddeley, 1975) would predict
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that those who have learned, or had more experience performing
under specific circumstances, will perform well under similar
situations. However, it may be that competition hours are
indeed important and necessary, but that alone, hours spent
competing do not differentiate the expert performers from
those who are less skilled. Although this may be the case for
musicians, competitions may play a more significant role in
sports. It may be that in sport the number of competitions
entered is also a significant predictor of expertise.

In sport, practice activities are heavily dependent on
the time of year as many sports are seasonal in nature.
Therefore, when individuals are asked to think of a "typical
week" this could be heavily dependent on the time of year or
stage in the competitive schedule. Due to this inconsistency
in the training regime throughout the year, when accumulated
practice hours are calculated they could be seriously
overestimated if they are calculated based on estimates for a
typical week in mid season.

"Deliberate Practice" in Wrestling

The purpose of the following study was to test
Ericsson et al.s’ theory in sport and examine the amount of
"deliberate practice" wrestlers of different 1levels of
performance engage in. Wrestlers were chosen for study as
they provide a comparable group to Ericsson et al.s’
musicians, in that wrestling is also an individual event.

For the first part of the study retrospective data concerning
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past practice 1levels over the wrestlers’ careers were
collected for four groups of wrestlers; 2 groups of current
wrestlers, both international and club, and 2 groups of
retired wrestlers, both international and provincial level(or
below). The wrestlers were required to estimate the amount of
time they had spent in practice alone, practice with others,
wrestling related activities and everyday activities. Within
each of these categories there were specific activities
encompassed by each, and subjects were asked to rate these
activities for relevance to improving performance, effort and
concentration required to perform the activity, and inherent
enjoyment. Subjects were also required to provide biographic
information relating to their competitive success, career
goals, the age of beginning wrestling and systematic practice.

In the second part of the study, current levels of
practice were compared for current international and club
wrestlers, who were asked to keep an extensive diary of all
the activities they had engaged in during a one week period.
Before completing this diary they were asked to estimate the
time spent in various activities during their most recent,

typical week.



Study 1
Method

Participants

Four groups of male amateur wrestlers participated
voluntarily in the first study. Two groups were current
wrestlers and 2 groups had retired from competitive
wrestling. The current wrestlers consisted of 15 members of
the Canadian National wrestling team and 9 who were members
of the McMaster University Wrestling Club, which is
considered one of the best in Canada. The retired wrestlers
were 9 ex-international wrestlers (7 Canadian, 1 Russian and
1 Italian). There was also a group of 8 wrestlers who
wrestled at or below provincial level (5 Canadian, 1 S.Korean
and 2 UsA/Canada). The current ages of the four groups in
the study were as follows; international-current (IC) 24.1 +
l1.9year, club-current (CC) 24.8 + 3.2year, international-
retired (IR) 38.2 + 5.lyear and club-retired (CR) 35.9 #+
8.5year.
Procedure

All subjects received a questionnaire asking them to
reflect on their careers and recall their past amounts of
practice and other wrestling related and everyday activities.
It was explained to the subjects either verbally or by mail

that,
64
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The study involves looking at retrospective reports
of practice levels over the span of one's career, to
test a theory of expertise proposed by Ericsson,
Krampe and Tesch-Romer (1993) that expertise is the
direct result of a long period of "deliberate
practice" and not innate talent.

The Questionnaire. The first section of the
questionnaire asked for biographic information concerning the
age when practice was first initiated, the highest 1level
attained in wrestling, success in competitions, the number of
coaches and the country of training. There then followed 4
sections that required subjects to think back to the amount
of time they had spent practising for wrestling: alomne, with
others, in practice related activities and in everyday
activities during a typical week. They were required to
estimate the number of hours since beginning wrestling to the
present time (for current wrestlers) or until retirement from
competitive wrestling, for every three years only. A list of
activities then followed which included typical activities
encompassed by each of the four sections. These activities
were determined after consultation with expert wrestlers.
For each activity the wrestlers were asked to rate the
activity on four dimensions using a scale from 0-10, where 0
was low and 10 was high. They were asked to rate for;
relevance to improving wrestling performance, effort required
to perform the activity, how enjoyable the actual activity
was and how much concentration was required to perform the

activity. When these sections were completed there followed

several questions regarding the number of competitions
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subjects had entered/year and the number of clinics they had
attended or given at the start of wrestling and for the
present time (or at the peak of their career for the retired
wrestlers). They were also asked to think back across their
wrestling careers and detail the types of goals they had set
at the start and for the present time (or peak). Subjects
were also required to recall the duration of their off-season
for every three year period throughout their career (see
Appendix A for copy of questionnaire).
Results

Biographic Information

All groups began wrestling at a similar age (M = 13.2
+ O.6year) and engaged in systematic practice on average 1
year after starting (M = 14.08 + 0.6year). Both the retired
groups reported reaching their "peak" in wrestling at similar
times, (M = 25.1 + 0.7year), none of the age differences were
significant (p>.05). For the retired athletes, the average
time difference from when they began wrestling to when their
career peaked was 11.4 + l.2year. There was also a high
degree of consistency with regard to the number of coaches
the four groups had (M = 4.6 + 0.3). The international and
club wrestlers appeared to participate in about the same
number of competitions when they began wrestling (Int. M =
8.1; Club M = 8.8), but the number of competitions entered at
the present time (or peak) increased for the international

wrestlers, but not for the club (Int. M = 13.7; Club M =
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8.5). This difference was analyzed in a 2 skill level (Int.,
Club) by 2 time period (Start, Present (Peak)), mixed ANOVA.
Although there were no main effects of skill (F(1,40) = 1.81,
ns: Int. M = 11.08, Club M = 8.69) or time period (F(1,40) =
3.07, ns: Start M = 8.38, Present(Peak) M = 11.4), the
interaction between skill and time period approached
conventional levels of significance, F(1,40) = 3.71, p =.061.
There were no significant differences between the
international and club wrestlers for the number of matches
wrestled, clinics given or attended (see Appendix G, Tables
2a-23j).

As well as providing information concerning the
number of competitions the wrestlers had entered they were
also required to give more specific information regarding
their success at competitions, so that the validity of the
subjects' groupings could be ascertained. It was difficult,
however, to perform any analyses on these data as subjects
differed immensely with regard to the detail they gave,
however, from the information that was given, their "best"
results at competitions could generally be ascertained. There
appeared to be a lot of variation between the subjects, both
between and within the groups as to their success. For the
international-current wrestlers their best results ranged
from being 9th in the Olympic games to placing 3rd, 4th or
5th in the World championships, to coming 2nd or third at

senior national competitions. The international-retired
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wrestlers had an impressive list of accolades, with Olympic
team membership being the most prestigious and common to 8
out of the 10 wrestlers in this group; one first place, one
4th, one 8th and one 9th. The current-club level wrestlers
had mainly achieved success at the Canadian universities'
national championships (CIAUs) or provincial championships, 2
of the 9 wrestlers had won the CIAUs. Similar successes to
the club-current wrestlers were also observed for the club-
retired athletes (see Appendix B).
Retrospective Estimates Over The Wrestlers' Careers

The data were analyzed as a function of the number of
years the wrestlers had been involved in wrestling practice
with others, practice alone and wrestling related activities.
In order to maximize the number of subjects analyzed (since
half the wrestlers were still mid-career) the hours/week that
athletes practised at the start of their career, and at three
and six years into their careers only were examined. Since no
effect of "cohort"(current and retired) was demonstrated for
hour/week for any type of wrestling related activity this
variable was collapsed across. The data were then analyzed
using a 2 skill (Int., Club) by 3 number of years (Start,
3year, 6year) mixed ANOVA. When all types of wrestling
activities were summed, although there was no effect of skill
(F(1,40) = 1.821, ns), there was a significant skill by
number of years interaction, F(2,80) = 3.492; p<.05. Tukey

HSD, p<.05 post hoc analyses of this interaction revealed
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that at some point after 3 years into the wrestlers' careers,
the international wrestlers began to differ with regard to
the amount of time they were spending in all wrestling
activities (at 6 years: Int. M = 38.7hour/week, Club M =
28.4hour/week). Figure 1 presents these data. Although at
the start of practice both groups spent the same amount of
time in wrestling activities, within three years the
international group devoted more time to practice (Int. M =

26.2hour/week; Club M = 20.9hour/week).

Insert Figure 1 about here

To determine specifically what activity accounted for
the differences between the groups, the data were analyzed
separately for practice alone and practice with others.
Practice alone yielded no significant differences between the
groups, nor did time spent in practice related activities
(see Appendix G, Tables 3a-31), therefore practice time with
others was found to be the differentiating factor between the
groups. A main effect of group was demonstrated, F(1,40) =
3.919, p<.05, as well as a group by number of years
interaction, F(2,80) = 4.837; p<.01l. Post hoc analyses
yielded significant differences between the groups at 6 years
into their career (Int. M = l6.lhour/week; Club M =

11.6hour/week).
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To provide a comparison to Ericsson et al.s' data,
accumulated amount of practice with others was examined, as a
function of the number of years involved in wrestling. For
each subject, line graphs were used to estimate the number of
hours subjects had spent in the intervening years (see
Appendix C, for example), so that data were available from
the start of practice, for every year until the present (or
end of career). To calculate cumulative practice hours, the
number of hours/week were multiplied by 52 for each year, and
then reported hours spent in off-season (see Appendix G,
Table 4) were subtracted from these estimates. Multivariate
analyses of variance were performed on the data over the
first 6 years using a fixed effects model with 2 between
factors; skill (Int., Club) and cohort (Current, Retired).
As before, there was no effect of "cohort", Rao's R (7,32) =
1.87, p = .11. There was, however, a significant difference
between the practice times reported for the international and
club groups, Rao's R (7,32) = 2.34, p<.05 (Int. M = 1252.74;
Club M = 1067.08). No interaction was observed, Rao's R
(7,32) = 1.25, p = .31. The data pertaining to these analyses

are illustrated in Figure 2.

Insert Figure 2 about here

When univariate analyses were conducted as post hoc

tests on the effect of skill, a significant difference
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between the 2 groups first emerged after 5 years into their
wrestling career, F(1,38) = 5.379, p<.05. At 6 years into
their wrestling career the international group had
accumulated 2767 hours of practice with others, compared to
2099 hours accumulated by the club wrestlers. Multivariate
analyses for practice alone, practice related activities or
for all practice activities summed together did not yield any
significant differences (see Appendix G, Tables 5e-g).

The data were also explored as a function of age,
however, due to the fact that subjects began wrestling at
different times and half were midway through their career, an
analysis across ages, from 13-23 years was impossible.
Therefore separate one way ANOVAs were conducted, to compare
the differences between the skill levels at various ages. A
significant difference between the groups for practice with
others was first demonstrated at 20 years of age, F(1l,38) =
4.916, p<.05. By this age the international group had
accumulated an average of 3226.4 hours of practice, over 1000
more hours of practice with others than the club athletes, M
= 2220.5. At 23 year of age, 10 years after beginning
wrestling, the international group had accumulated an average
of 5881.9 hours, compared to the club wrestlers, who had
accumulated a mean of 3571.1 hours.

There were no significant differences between the
international and club wrestlers for any of the everyday

activities. For hours spent sleeping, a significant decrease
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in the amount of time spent sleeping across the wrestlers'
careers was noted, but this effect was common for all groups,
F(2,78) = 11.87, p<.001 (Start M = 57.38; 3 years M = 53.78;
6 years M = 53.09). Time spent in active leisure was also
found to decrease as the wrestlers progressed through their
careers, F(2,80) = 4.14, p<.05 (Start M = 11.63; 3 years M =
10.45; 6 years M = 8.97).

Evaluations of Wrestling Related and Everyday Activities

Subjects were required to rate each activity within
each of the following four sections; practice activities
alone, practice activities with others, activities related to
wrestling and everyday activities. All were rated on a scale
from 0-10, for relevance, effort, concentration and
enjoyment. The ratings for each activity were analyzed
separately to determine if the international and club
wrestlers were rating differentially, which could account for
their allocation of time to various activities (see Appendix
G, Tables 8a-c).

There were no significant differences between the
skill levels for practice with others, however, the club
athletes rated "training alone with the coach" significantly
higher for all the evaluations (F(1,34) = 4.217, p<.05: Int.
M= 7.36, Club M = 8.34) than the international wrestlers, as
well as "watching themselves on video" (F(1,32) = 4.952,
p<.05: Int. M = 5.97, Club M = 7.22). No interactions were

found between skill level and the ratings given.
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Therefore, due to the high similarity in the way the
activities were rated by the wrestlers, further analyses were
collapsed across the groups. For each rating, a mean was

calculated and compared to the overall mean for all the

activities using a t-test. Statistical significance was
determined using adjusted alpha 1levels according to
Bonferroni's method (that is alpha was divided by 26, i.e.,
the number of activities). Table 1 displays the means for

the various sections collapsed across groups.

Insert Table 1 about here

within the table, those activities that were rated
significantly higher than the overall mean are denoted with
an 'H', and those that were lower than the overall mean are
denoted with an 'L'. As can be seen within the practice with
others section, mat work received high ratings for relevance
and effort, but also significantly high ratings for enjoyment
and concentration. Running with others was also given a high
rating for effort. For practice activities alone, working
with the coach received a high rating for relevance,
enjoyment and concentration while weight training and running
were both rated high for relevance and effort. Within the
wrestling related activities, mental rehearsal received a
significantly high rating for both relevance and

concentration. Sleep was rated as highly relevant and
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enjoyable, yet as expected low in effort and concentration.
Both active and non-active leisure received high ratings for
enjoyment only.

A Spearman's correlation was used to determine the
relationship between the 4 ratings for the wrestling
activities. It was found that relevance correlated most
highly with concentration, (rho = .83, n = 21, p<.05) then
effort (rho = .68, n = 21, p<.05), but also with enjoyment,
(rho = .59, n = 21, p<.05).

The wrestlers in this study were also required to
provide information regarding the types of career goals they
set at the start of their careers and for the present time
(or peak). They were asked to think of these goals in terms
of length, that is short or 1long term, as well as
specificity.

For the international-current wrestlers, the goals at
the start of their careers were relatively short term,
relating to High school success; although 11 out of the 15
wrestlers, reported that they soon began to strive for
national team membership and international success. The
current goals for the international wrestlers were related to
being on the Olympic team, or winning an Olympic medal (for
11 of the wrestlers). The club-current wrestlers had similar
goals to the international wrestlers at the start of their
careers, although none of the club wrestlers reported that

they wished to be on the national team, and only 2 mentioned
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competing in a national tournament as one of their goals.
The international-retired group reported setting similar
goals to the international-current at the start of their
careers, with half of the group aiming for national team
membership and success. The goals set at the peak of their
careers were more specific than those at the start, and
related to practice, mental training and specific placings in
international competitions. Again for the club-retired
wrestlers at the start of their careers, the goals they set
were generally in terms of High school success, although 2
out of the 8 wrestlers in this group reported that they
wanted to wrestle in the Olympics. One of the wrestlérs from
this group reported that they did not remember setting goals.
Another claimed that, "If I'd wanted to make wrestling a
focus, I would have set goals in a different way." Another
wrote that, "I knew that I was unwilling to make the
sacrifices to be a national team member" (for complete
description of goals, see Appendix D)
Discussion

The biographic data from the wrestlers supports the
data of Ericsson et al. in that all four groups demonstrated
similar profiles. However, the wrestlers in this study did
not begin wrestling until 13 years of age, much later than
the 8 years of age noted for musicians. This is not
surprising, however, given that wrestling requires a certain

degree of physical maturity, before the activity can be
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engaged in with any success and safety. It is possible that
the later starting age observed in wrestling may be
responsible for the high levels of practice reported at the
start of the wrestlers' careers, compared to the musicians.
Consistent with previous literature the difference between
the starting ages and peaks reported by the retired wrestlers
was greater than 10 years. Although the number of matches
wrestled, either at the start of wrestling or for the present
time (or peak) did not differentiate the skill levels, the
number of competitions entered in the current year (or at the
peak), did yield considerable differences. Therefore,
competition time, may indeed be an important variable in
distinguishing between international and club 1level
wrestlers, and should be considered across the entire career
span of wrestlers.

The retrospective estimates demonstrated that
practice did indeed differentiate wrestlers of different
skill levels, from relatively early on in their careers. The
amount of practice reported was consistent across the cohort
factor, that is no differences were found between the current
and retired athletes, which supports the validity of these
estimates. The similarities between the current and retired
wrestlers estimates also supported the reliability of recall,
in spite of the elapsed time for the retired wrestlers.
Accumulated practice yielded estimates for the international

wrestlers very similar to those of Ericsson et al.s' best
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violinists. Ten years after beginning wrestling the
wrestlers had accumulated 5865 hours of practice with others
compared to 6351 hours of practice alone accumulated by the
violinists. This similarity is particularly noteworthy,
given that wrestling activities are much more constrained by
facility availability, time, and access to sparring partners,
than practice alone with the violin. As well, time spent in
the off-season was taken into account when the yearly amounts
of practice were estimated which would likely lead to a more
conservative estimate than Ericsson et al's.

In the examination of the ratings given to various
activities it 1s particularly interesting to note that
relevant activities were also judged to be enjoyable. This
is in contrast to the definition of "deliberate practice"
proposed by Ericsson et al. However, even in Ericsson et
al.s' data, although practice alone and with others were not
rated significantly higher than the overall mean for
enjoyment, the ratings were actually higher than the overall
mean. As well, wrestling is an inherently social activity,
and competitive and physical in nature, all of which the
wrestlers find enjoyable.

Another interesting finding to emerge from the
evaluations is the importance of concentration as a separate
factor from effort. This appears to be an important
distinction when referring to physical activities. It would

appear that concentration refers more to the cognitive nature
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of the activity as opposed to effort, which refers to the
physical nature of the activity. For example, "mental
rehearsal” and "working alone with the coach" were rated high
for both relevance and concentration, whereas running and
weight training were rated significantly higher than the
overall mean for effort. This distinction is especially
important in light of the finding that relevance correlates
most highly with concentration.

Although the retrospective estimates provided
information concerning general activities the international
wrestlers spend more time doing, such as practising with
others, it would also be useful to examine the time allocated
to specific activities. That is, what type of practice
activity with others is responsible for the differences
between the groups. Do the international wrestlers spend
more time in activities that they judge to be most relevant,
such as sparring, weight training and running? Indeed, it
would be interesting to see whether the time spent in
specific activities actually changes as the wrestlers
progress through their careers. The diary study provided the
opportunity to examine more specifically the activities that

wrestlers engage in.
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Study 2
Method

Participants

Ten members of the Canadian National amateur
wrestling team (9 had participated in the first part of the
study) and 11 McMaster University Wrestling Club members (4
had taken part in the first part of the study) were compared.
All the subjects were male and the average age of the
international wrestlers was 25.1 + 2.4year, the average age
of the club wrestlers was 23.09 + 3.4year. All subjects were
paid for their participation in this study.
Procedure

Subjects were first asked to think back to the
activities they had engaged in during their most recent,
typical week (both wrestling related and everyday), and
according to a taxonomy of activities (see Table 2) estimate
the number of hours they had spent in each activity. A
description of some of the more ambiguous activities
accompanied the taxonomy (e.g., fitness training alone was
described as an activity performed to maintain or improve
level of fitness which could include; cycling, running,

jogging, aerobics or swimming).

Insert Table 2 about here
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Subjects were then instructed that they would be
required to keep a detailed diary for a seven day continuous
period (see Appendix E). They were asked to "be as detailed
as they saw necessary" and to "be specific as to whether the
activity was performed alone or with others", where this was
seen to be important. Subjects were asked to "fill out the
diary sheet at the end of every day before going to bed, and
to be consistent with this procedure." Seven 24 hour diary
sheets were provided that were divided into 15 minute
sections. An example then followed of how the diary was to
be completed. Subjects were also required to provide
biographic information, as in study 1, and were required to
answer questions regarding their views on "talent". At the
end of the seven day period subjects were asked to return
their diaries in a sealed envelope, and were asked to note
whether they thought this was a typical week for them or not.

As a second part to the study, 3 "expert" coaches
were asked to rank the international wrestlers on a scale
from 1-10, so that the predictiveness of practice could be
examined in relation to this measure of skill. The coaches
were familiar with the international wrestlers, and had been
involved in coaching at an international level. They were
asked to consider the skill, current performance and how well
the wrestler would perform in a major international
tournament, when assigning the rank. They were told that the

same rank could not be assigned to more than one wrestler,



81

and that a rank of "1" was the highest performance rank that
could be given, and "10" was the lowest. When the coaches
differed in their ranks a mean rank was calculated and these
mean ranks were then ordered from 1-10. Only the club team
coach ranked the club wrestlers!
Results

Biographic Information

As in study 1, all subjects began practising at a
similar age (13.3 + 2.3year) and engaged in systematic
practice on average one year later (Int. M = 14.0year; Club M
= 15.5year). Both groups reported that wrestling became more
full time at about 17 years, and both wrestled with a similar
number of coaches (Int. M =4.6; Club M = 3.6). As before,
the number of competitions subjects had entered was analyzed
in a 2 skill (Int., Club) by 2 time period (Start, Now) mixed
ANOVA. There were no significant differences between the 2
groups with regards to the number of competitions they
entered either when they began wrestling or in their most
recent year. There were also no differences for the number
of matches they had wrestled.

The wrestlers were also asked questions pertaining to
their personal views of themselves as talented individuals

(see Appendix F). In reply to the question, "How good were

1 When the rankings were assigned only 10 club wrestlers had completed the
diaries.
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you when you first began wrestling?" the international
wrestlers reported more initial success than the club
wrestlers. Only one of the international wrestlers reported
that he was average, even though he still reported being
successful, whereas half of the club wrestlers reported being
of average ability, or below. Both groups tended to
attribute any success to physical characteristics such as
size and athleticism. When they were asked, "When if ever
did you first appear to have a natural talent for this
event?", only 1 international wrestler and 1 club wrestler
reported having a "natural talent” on first beginning. One
international wrestler replied,

I never thought I had a talent for wrestling. I was

always good at sports already - I like to think I got

to where I am with hard work. Hard work is what
separates those that are at the top, compared to
those who have equal or more talent, but are not as
successful.

These replies indicate that the athletes themselves
see the importance of experience within a domain, before
perception of "talent" can be made. For a sport 1like
wrestling, physical fitness before beginning appears to be an
important discriminatory factor as indicated by the number of
international wrestlers who made reference to their physical
characteristics, such as size or speed, when starting out.

The Diaries

The diaries were analyzed in a similar fashion to

Ericsson et al., so that comparisons could be made across
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domains. However, the delineation of the activities was
decided by the experimenter, not the wrestlers themselves, so
that a degree of consistency could be maintained across
subjects. Any activity that could be given multiple
encodings, was divided equally across the relevant
categories. All activities were summed so that comparisons
could be made with regard to total time spent in each
activity. These totals were then analyzed by a 2 skill level
(Int., Club) between subjects ANOVA. As well, relevant
activities were analyzed as a function of day and time of
day.

For wrestling related activities, the international
and the club wrestlers spent the same amount of time/week in
these activities, (Int. M = 24.88; Club M = 24.57). Not
surprisingly the wrestling activity that the subjects spent
most time doing was engaging in wrestling practice, which was
also the activity judged as most relevant to improving
performance (Int. M = 9.03 + 2.3; Club M = 9.80 + 4.3).
Unfortunately, only some of the subjects actually divided up
the time in wrestling practice to provide information
concerning time spent alone or with others warming up,
observing others, listening to the coach, or wrestling on the
mats. So for the purpose of analysis wrestling practice was
always assumed to be with others.

For the other activities judged to be highly relevant

to improving wrestling performance, that is, weights alone,
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running alone and mental rehearsal, there were no significant
differences between the 2 groups in terms of the amount of
time they devoted to these activities. Both groups averaged
about 2 hours/week in fitness activities alone (Int. M = 2.48
+ 1.6; ClubM = 2,08 + 1.8) and reported fitness activities
with others was considerably less than this (Int. M = .55 %
0.7; Club M = .21 + 0.3, for full table see Appendix G, Table
1la).

Time spent travelling was the only activity to
significantly differentiate between the two groups, for the
everyday activities (see Appendix G, Table 11b). The
international wrestlers reported spending a mean of
17 .4hour/week travelling compared to 6.25hour/week for the
club wrestlers, F(1,19) = 22.11, p<.001. The percentage of
time each wrestler spent travelling as a function of time of
day (weekdays only) was examined. This was calculated for
each 2 hour period between 6am - 10pm and analyzed in a 2
skill (Int., Club) by 8 time period (6am - 10pm, 2 hour
blocks) mixed ANOVA. A significant effect of group was
observed, F(1,19) = 10.94, p<.0l1 (Int. M = 12.25%; Club M =

4.18%) as well as a main effect for time of day, F(7,133)
6.62, p<.001. When this effect was further analyzed by a
Tukey HSD, p<.05 post hoc test it was found that the
wrestlers were travelling most between 2 - 4pm (before
training begins, M = 17.5%) and 6 - 8pm (when training

usually ends, M = 15.3%, see Figure 3).
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Insert Figure 3 about here

Although the differences were not significant, the
international wrestlers were also spending more time at work
compared to the club wrestlers, both in wrestling related and
unrelated work (Int. M = 17.93; Club M = 10.18). This could
have important implications for scheduling of practice
activities for the international wrestlers, especially given
the fact that they report spending so much time travelling to
training. The majority of the club wrestlers were students,
which was reflected in the differences in study time/week,
(Int. M = 8.1; Club M = 19.23) although due to the high
variance between subjects this difference was not
significant, F(1,19) = 3.25, p = .09. So for the club
wrestlers facilities necessary to train, such as the
wrestling mats and weights were more readily available in the
University and residence. 1Indeed, it was also found that the
international wrestlers were actually engaging in fewer
practice sessions/week (of any type), compared to the club
wrestlers (F(1,19) = 4.93, p<.05), Int. M = 8.80 + 2.0; Club
M = 11.45 + 3.2), but were spending a longer amount of time
engaged in the activity (F(1,19) = 5.45, p<.05), Int. M = 111

+ 18min; Club M = 90.6 + 20min. Presumably, if one spends so

much time travelling to and from appropriate facilities, one



86

travels less often and spends more time at the actual
practice.

The distribution of various practice activities
across the diary week was analyzed in a 2 skill (Int., Club)
by 7 day mixed ANOVA. A significant effect of day was found
for engaging in practice activities, F(6,114) = 19.689,
p<.001. Post hoc analyses showed a significant decrease for
time spent in practice activities during the weekend,
compared to the week days (weekdays M = 2.9hour; weekends M =
0.8hour). This main effect of day was primarily due to time
spent in actual wrestling practice. Compared to fitness
activities alone and with others only wrestling practice
yielded a significant effect of day (F(5,95) = 12.56,
p<.001).

Commensurate with the travel times noted above, when
the percentage of practice time (all practice activities) was
examined as a function of time of day for weekdays only, a
significant effect of time of day was found, F(7,133) =
33.94, p<.00l1. Post hoc analyses indicated that between 4 and
6pm, 65.52% of the wrestlers' time was spent practising,
which was significantly different from all the other times.
There was also an elevated amount of practice between 8-10am

(21.41%) and 6-8pm (24.73%) (see Figure 4).

Insert Figure 4 about here
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No differences were noted for leisure time, either
active leisure or non-active leisure, nor did leisure time
negatively correlate with the amount of time the athletes
were spending in wrestling related activities (r = .29, n=21,

s). However, the reported means for leisure time, for both

the international wrestlers and the club wrestlers were very

similar to those found by Ericsson et al. for their best

violinists, (Int. M 3.07hour/day; Club M = 3.46hour/day,

Best violinists, M = 3.5hour/day). Given that Robinson,
Andreyenkov and Patrushev (1988) reported that average 18-29
year olds spend 5.2hour/day in leisure activities, these
figures would indicate that the wrestlers were sacrificing
their leisure time for wrestling related activities.

Since subjects were required to estimate the amount
of time they had been engaging in the wrestling related and
everyday activities before completing the diaries, it was
possible to examine the validity of these estimates? . As
well, it was possible to look back at the retrospective
estimates given for the wrestlers who were in both Studies 1
and 2 and compare their estimates for the most recent year,
with those reported in the diaries.

For practice activities with others the Pearson

correlations between a typical week and the diary data were:

2 One of the club wrestlers in the diary study failed to provide estimates of
time spent in wrestling and everyday activities during their previous week.
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international wrestlers, r = .66, n = 10, p<.05; club
wrestlers, r = -.16, n = 10, p>.05. The international
wrestlers reported spending 10.88hour engaged in practice
activities with others, but estimated that they spent
17.55hour/week, this difference was significant, F(1,9) =
6.83, p<.05. The club wrestlers spent 9.73hour/week in
practice with others, but estimated spending 17.05hour/week,
this difference was also significant, F(1,9) = 9.98, p<.05
(see Appendix G, Tables 17a-d, for totals). When wrestling
related activities were examined more specifically in a 2
skill (Int., Club) by type of estimate (Diary, Recent week)
mixed ANOVA, it was found that both groups of subjects
overestimated a number of the wrestling related activities
including: fitness activities with others (F(1,18) = 11.27,
p<.01), Recent M = 3.98; Diary M = .39; amount of time at
wrestling practice with others (F(1,18) = 6.80, p<.05),
Recent M = 10.78; Diary M = 8.94; and watching wrestling (F
(1,18) = 5.04, p<.05), Recent M = 2.43; Diary M = .53.
However, there were no significant differences between the
recent and the diary week for strength training, professional
conversation, fitness alone and diet/weight monitoring. It
was also found that the international wrestlers' correlations
between their most recent week and the diaries were generally
much higher than those for the club wrestlers. For example,
the following correlations were found for; strength training

alone, Int. r =.96; Club r = -.19, strength training with
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others, Int. r = .98; Club r = .06 and attending wrestling
practice, Int. r = .76; Club r = .15. These high
correlations noted for the international wrestlers suggest
that their routine is more consistent and systematic than
that noted for the club athletes, and that training has
become a habitual activity. Since they overestimate, this
could be more an indication of how much time they aspire to
train, rather than actually attain. This was also suggested
by Ericsson et al. with reference to their musicians.

The everyday activities also yielded some very high
correlations between the diary week and a typical week,
especially for sleep (r = .67, n=20, p<.0l), study (x = .91,
n=20, p<.01l), travel (r = .82, n=20, p<.0l) and work (r =
.84, n=20, p<.01) and there were very few significant
differences noted between the estimates and the diaries. For
example, the international wrestlers estimated that they
spent an average of 17.20hour/week in non-active leisure
which was comparable to the diary mean of 17.78hour/week.
For both groups the estimates of travel time for a typical
week were lower than those reported in the diaries. However,
the international wrestlers estimates for time spent
travelling were significantly greater than the club
wrestlers; F(1,18) = 10.055, p<.0l: Int. M = 8.53(3.6), Club

M

3.55(3.4). It would seem therefore, that the time spent
in wrestling activities during this week may not have been

very typical for the wrestlers, given that they were accurate
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at predicting the time spent in everyday activities.
However, only 2 of the international wrestlers reported that
the week when they completed the diary was not typical,
compared to 4 of the club wrestlers and 1 who abstained from
answering.

When the diary data and retrospective estimates from
study 1 were correlated for the international wrestlers, no
significant correlations were found for practice with others
(r = -.03, n=9, ns) or practice alone (r = .31, n=9, ns).
However, for the international wrestlers, the diary means and
the retrospective estimates were very similar for practice
time with others, (Retro. M = 15.22; Diary M = 11.36). As
well, the retrospective estimates for the international
wrestlers correlated with the estimates for a typical week;
practice alone, r = .73, n=9, p<.05, practice with others, r
= .50, n=9, ns. It is important to note, however, that the
retrospective estimates were finished in July and August,
whereas the diaries were not completed until February or
March of the following year, which could reflect seasonal
variations in practice activities.

A stringent test of Ericsson et al.s' theory would be
to determine whether time spent in "deliberate practice"
activities could actually differentiate the wrestlers within
a group. That is, can we predict the rank assigned to the
wrestlers by expert coaches, from any of our measures of

deliberate practice? To answer this question separate
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regression analyses were performed on the ranks, for time
spent in practice with others and practice alone.

For time spent in practice with others during the
diary week, the r2 values were: Int. r2 = ,012, df=9, ns; Club
r?2 = .286, df=9, ns, although the regression equation showed
that this was in the opposite direction to that predicted
(y=-.444x + 10.236hour). Surprisingly practice time alone
explained 37% of the variance in ranks for the club wrestlers
(x2 = .374, df=9, ns), but again r?2 was negligible for the

international wrestlers (r?2 = .004, df=9, s). As

accumulated practice time with others was available from the
retrospective estimates for nine of the international
wrestlers, a regression analysis was also performed on these
data. Accumulated practice with others accounted for only
11% of the variance in ranks (r2 = .113, df=9, ns), although
again the regression equation showed a very slight negative
relationship (y=-.0004x + 7.823hour).
Discussion
Although the diary data failed to yield any
significant differences between the international and club
wrestlers for wrestling related activities, a number of
important findings emerged. First, it was apparent from the
everyday activities that the international wrestlers had to
be particularly careful allocating time to practice

activities. Given that they spent a long time travelling to

practice, compared to the club wrestlers, it seems wise that
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when they did practice, they spent longer doing so. The
importance of circumventing resource constraints was stressed
by Ericsson et al. (1993) as particularly necessary to
achieve and maintain expert levels of performance. The
international wrestlers seem to have found a way of doing
this even though many of them work full-time. The fact that
the international wrestlers travel so far to train reflects
the necessity to practice at a place where the best sparring
partners are, as well as the best coaches.

The lack of predictiveness for practice time with
others was discouraging, although this failure could be due
to the subjectivity of the rankings, or the difficulty in
trying to predict within group differences. That is, rather
than using subjective rankings it may have been preferable to
use point rankings, objectively determined from tournament
success. However, three respected "expert" coaches ranked
the international wrestlers and they were provided with a
very brief summary of each wrestler's success in competitions
to aid in their judgement.

The lack of significance may also be attributed to
the difficulty in trying to predict rank within a skill
group, rather than between groups. Due to the lack of
variability between subjects within the same skill group,
attempting to account for variance becomes a problem. This
is supported by the higher r2 values noted for the club

wrestlers, who are a less homogenous group than the
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international wrestlers. However, it was time spent in
practice activities alone that accounted for 37% of the
variance between ranks for the club wrestlers. This
predictability of practice time alone for the club wrestlers
may be reflective of the relative importance of different
types of training, depending on the level of expertise. 1In
the diaries none of the wrestlers reported spending any time
practising wrestling moves alone, so therefore all the
activities that the wrestlers engaged in alone, during this
week, were either fitness, strength or flexibility related.

It may be that for the club wrestlers, spending the
time in individual practice activities, such as running and
weight training, are extremely important, as physical
strength and fitness may play a more significant role at the
lower levels of competition. That is, fitness and strength
characteristics may be more likely to discriminate between 2
club level wrestlers in the same weight class. However, at
the international level one would expect the wrestlers to be
equal (within a weight class) for physical fitness, so that
technique, that is acquired through training on the mats, may
be the most important attribute for winning matches.
"Practice alone" for the international wrestlers may be more
a question of "maintenance", and although they engage in as
much practice alone as the club athletes, this type of
practice does not differentiate wrestlers at the same level

of competition.
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General Discussion

The retrospective estimates of study 1, provide quite
substantial support for a theory of expertise based on
"deliberate practice". Practice time with others
consistently differentiated the international from the club
wrestlers, both for hours/week spent in practice and
accumulated practice hours, regardless of whether the
wrestlers were current or retired. However, Ericsson et
al.s' definition of "deliberate practice" requires further
clarification given that the wrestlers report that practice
is enjoyable, and that this factor correlates highly with
relevance of the activity to improving performance. It may
be that "deliberate practice" is specific to an actual
activity, in that activities performed with others may be
rated as more enjoyable than those alone. However, in a
recent study of elite figure skaters, Hayes and Deakin (under
review), also found that activities rated high for relevance
were also rated significantly high for enjoyment, even though
figure skating is an individual activity. It may be then
that "deliberate practice" is specific to a domain, such as
sport. This is further supported by the fact that
concentration and effort are rated differentially depending
on the activity, with effort relating to the physical work
required and concentration referring to the cognitive nature
of the activity, for both the wrestling data and the skating

data. In physical domains this distinction appears to be an
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important one, with activities that are both high in
concentration and effort being considered as "deliberate
practice". Csikszentimahalyi et al. (1993) also found that
high 1levels of concentration were demonstrated by the
"talented teens" when engaging in activities related to their
areas of expertise.

In an attempt to discover factors responsible for the
motivation to practice, the types of career goals that the
wrestlers had set at the start of their careers and currently
(or at their peak) were investigated in the first study.
Although it was difficult to draw any firm conclusions from
these reports, generally the international wrestlers had
higher aspirations than the club athletes. The current/peak
goals of the wrestlers were generally more specific than the
ones set at the start of their careers, especially for the
international wrestlers. This supports Bloom's (1985)
conclusions, that the goals set by expert performers in their
later years are more explicit, than those set early on in
their careers. It is not clear, therefore, whether initial
goals have an impact on the attainment of expertise, it may
just be that they are necessary to maintain practice and
improve performance, once a high level is achieved.

Although the retrospective estimates of time spent in
practice with others demonstrated encouraging support for
Ericsson et al.s' theory, the diary data from study 2 failed

to yield any significant differences between the skill levels



96

for time spent in practice activities. This was surprising,
given the findings from the first study, therefore reasons
for this discrepancy were explored.

The club wrestlers in the diary study were not all
the same ones that completed the retrospective
questionnaires, and on examination of their ages they were
observed to be considerably younger than the international
wrestlers. Given that the international wrestlers were
generally older than the club wrestlers it may be that some
of them were past their peak in wrestling when the diaries
were completed, and therefore adjusted their practice levels
accordingly. Alternatively, as the club wrestlers were still
quite young, it may be that some of them could still achieve
international status, especially as McMaster wrestling club
in considered one of the best in Canada. Indeed, it may be
that actual wrestling level aspired to, which one would
expect to be highly related to the actual level reached, is
also an important indicator of the amount of time subjects
spend in practice. Ideally the same subjects would have been
assessed in both the retrospective and the diary study,
however, this was not possible due to the fact that some of
the club wrestlers had retired or left the university, and
were replaced by new wrestlers in the 2nd part of the study.

Although at first inspection this result appears to
contradict the findings from Ericsson et al.s' research with

musicians, Ericsson et al. also failed to find differences
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between their two best groups of violinists for the diary
study, even though accumulated practice hours alone
differentiated the two best groups. It may be that the club
wrestlers in this study were more comparable to Ericsson et
al.s' "good" group of violinists, rather than the "teachers"
or the amateur pianists, especially as the club wrestlers
were wrestling in National competitions, only one level below
the international wrestlers. |

Although the international and club wrestlers did not
differ with respect to total time spent in practice
activities in the diary study, they did differ with regards
to the duration of time spent in practice, and time spent
travelling to and from practice. The increased time spent in
travel for the international wrestlers reflected the
necessity to train at a club where the best sparring partners
were available as well as the best coaches. Indeed, the
ultimate "deliberate practice" for wrestlers is sparring with
a partner who is of at least equal size and ranking. It
follows from these increased travel times for the
international wrestlers that when they do practice they spend
a significant period of time engaged in it.

The diaries also yielded some unexpected findings
when predictiveness of practice was examined with respect to
skill rankings assigned to the international and club
wrestlers. Neither practice time with others, or alone,

predicted differences in skill ranking for the international
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wrestlers. It was suggested that this may be due to the
homogeneity of the international group, or to the subjective
nature of the rankings. For the club wrestlers, practice
time alone was the only significant predictor of rank. As
discussed, strength and physical fitness may be
discriminatory characteristics for club level wrestlers, but
technical-tactical actions, acquired through mat work, may be
the factor that differentiates wrestlers at international
levels. Indeed the findings from the retrospective reports,
that practice time with others is the only variable to yield
significant differences between the international and club
wrestlers, further supports this claim.

Subjects in the diary study were also asked questions
about their views on "talent", and how successful they were
at the start of their wrestling careers. Although only one
of the international wrestlers perceived himself as having a
"natural talent", paradoxically, all the international
wrestlers reported that they were successful from the start
and tended to attribute this success to physical
characteristics, such as athleticism. This discrepancy could
be due to the international wrestlers engaging in other
physical activities before starting wrestling, that could
have given them initial advantages when beginning wrestling.
This may then lead to an attribution for performance based on
prior experience, rather than innate talent. It would be

interesting to see how the international wrestlers actually
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define "talent", as it would seem that physical
characteristics may not be encompassed by their definition.
Recommendations for future study of "deliberate practice"

In the future, rather than examining practice time
alone and with others, the issue should be one of isolating
practice hours from those activities that are engaged in to
"maintain” physical levels of strength and fitness. Whether
one runs or cycles alone is not the important issue, given
that a partner can have little or no impact on the intensity
or engagement of these activities. Rather, whether one
engages in practice to improve their wrestling technique, as
opposed to maintain or increase their strength, is the
critical question. Although the two are highly related, that
is with greater strength and flexibility more moves are
possible, a more elaborate definition of "deliberate
practice"” will be gained by the delineation of the two.

Related to this issue it is the necessary to examine
the microstructure of practice, to ascertain specifically
what it is the wrestlers are spending their time doing when
they are at wrestling practice or training. Do the
international wrestlers engage in more wrestling-specific
activities, than the club wrestlers, such as bench-press to
increase upper body strength? At wrestling practice do the
international wrestlers spend more time scrimmaging rather

than watching others or working on fitness?
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It is recommended that future investigations employ
more objective measures of performance skill, such as a
wrestler's point ranking, to examine whether accumulated
practice hours can be used to predict these objective
rankings. Given that an adequate range between the point
rankings of the wrestlers was examined and a relationship was
found, one would then be able to estimate how many hours of
practice an individual needs to engage in to progress at each
stage in wrestling. This avenue of research is currently
being explored.

With regards to support for a theory of expertise
based solely on "deliberate practice” the answer is still
unclear. Since the study was cross-sectional, the subjects
were already experts and therefore conclusions cannot be made
about the causative nature of practice. 1Indeed, it may be
that those who are more "talented" practice more. However,
the retrospective estimates failed to yield differences in
the amount of practice until a number of years into the
subjects' careers. 1Ideally a longitudinal study should be
conducted so that data regarding practice can be collected on
a yearly basis, and a causal role could be established.
However, this would require an extremely large sample pool,
with the possibility that none of the subjects ever become
experts, due to the many constraints and distractions that

face athletes along their career paths.
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A prospective study would also permit an
investigation of physical/physiological characteristics that
could provide an advantage for certain athletes. 1In future
studies objective records of initial performance should be
examined to see whether those who became international
wrestlers demonstrated initial advantages, before they had
time to accumulate sufficient practice hours. If this is
indeed the case then factors other than "deliberate practice"
need to be considered, such as physiological capacity or
the type of physical activities engaged in before wrestling
was initiated.

The type and role of practice is obviously an
extremely important area of study, and one that has been
frequently overlooked with regards to the attainment of
expertise. Future studies are needed to determine what
causes individuals to spend such a considerable amount of
time practising if it isn't the belief that they possess an
innate talent. Therefore, motivational factors need to be
investigated across all phases of skill acquisition.
Although, career goals were investigated in the present
study, a more in-depth investigation is recommended for
future studies, specifically focussing on the long-term
effects of specific types of goals. This is especially
important given that the short-term utility of goals has
frequently been demonstrated in prospective studies (e.gq.

Locke et al., 1981).
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To validate Ericsson et al.s' findings from pianists,
it is suggested that the predictiveness of accumulated
practice hours is also examined in relation to traditional
cognitive tasks, that have consistently discriminated
athletes of different expertise levels (é.g., Allard et al.,
1980; sStarkes, 1987). For example, accuracy of recall of
sport specific information, could be used as a measure of
skill as in previous studies, and the predictiveness of
accumulated practice hours could be examined in relation to
individual differences in recall accuracy.

Further testing of Ericsson et al.s' model across
other types of sport is necessary to substantiate the
findings from these studies. Both individual and team sports
should be investigated within this current framework, as well
as "simple" sports, such as sprinting, that is traditionally
believed to be a function of innate physical ability,
compared to sports that are considered to be primarily a
result of training, such as bowling or snooker.

So to achieve a high level in wrestling a number of
factors would seem to be necessary. Firstly, there is
considerable support for the necessity of early exposure to
the domain so that a sufficient number of practice hours with
others can be accumulated. However, starting late, does not
mean that expertise cannot be achieved, but rather the late
starter will need to spend considerably more time in

relevant, effortful practice per week to catch up with those
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who have had advantages of an early starting age. In
domains, other than wrestling, the average age of those who
are successful may be considerably older, and therefore a
late starting age would not be a disadvantage.

When engaging in practice activities a high degree of
concentration should be maintained as well as considerable
physical effort. Mat work is the most important and relevant
activity and a significant proportion of time at wrestling
practice should be spent in this type of activity. Fitness
and strength training are both extremely importaﬁé,
especially if the activity is specific to wrestling. To
become an international wrestler, a great deal of time must
be spent overcoming constraints to practice, such as
travelling a significant distance to practice and maintaining
motivation at the expense of leisure time, for example.

It is evident from these studies that continued
effortful engagement in "deliberate practice" activities are
necessary to achieve expertise, however, the question of

whether it is sufficient still remains unanswered.
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