









































THE ROLE OF DELIBERATE PRACTICE 377

groups was higher than that of the music teachers, although the
difference was no longer reliable.

An analysis of napping as a function of day of the week for
the three groups showed no main effect of weekday, but did
show a significant interaction between day of the week and the
contrast between the two best groups and the music teachers,
F(6,162) = 2.22, p < .05, which is illustrated in Figure 5.

The overall pattern in Figure 5 suggests that the amount of
napping is uniformly low for the music teachers, whereas the
amount of napping for the best and good violinists is elevated at
the beginning of the work week and reaches its lowest levels
during the weekend. Further analysis revealed that the primary
source of the interaction reflects differences between the week-
end and the five weekdays. An ANOVA of the amount of nap-
ping for the three groups revealed a reliable difference between
the weekend and the work week, F(1,27)=4.29, p<.05,andan
interaction with the difference between the best and good vio-
linists and the music teachers, F(1.27)=12.06, p <.005. Given
our general argument for recovery from practice through rest
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Figure 4. Proportion of time used for sleeping asa function of time of

day for the best violinists (top panel), the good violinists (middle
panel). and the music teachers (bottom panel).
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Figure5. Amountof napping as a function of the day of week for the
music teachers (solid line) and the average for the best and good (so-
loist) violinists (dashed line).

and the result that levels of napping decreased over weekends
whereas the amount of practice did not. we looked for alterna-
tive sources of rest that could moderate the amount of napping
required over the weekend. Of the other activities rated high on
restfulness. that is. rated low on effortfulness. leisure has the
longest weekly duration during the diarv week, with 28.2 hr per
week. Thus. we now consider the role of leisure activity in pro-
viding recovery from practice.

Leisure. We performed an ANOVA of the daily amount of -
leisure activities as a function of the day of the week for the
three groups. The best violinists spent 3.5 hr per day on leisure,
which is reliably less than the 4.7 hr for the good violinists, F(1,
27)=4.27. p <.05. The average for the best and good violinists
was 4.1 hr of leisure per day. which is not reliably different from
the mean for the music teachers 4.0 hr). In comparison, other
adults aged 18-29 are estimated to spend around 5.2 hradayon
leisure activities—defined as Robinson et al’s (1988) estimate
of free time with sports and education excluded. An ANOVA of
the leisure time as a function of the day of the week for the three
groups of violinists revealed no reliable interactions. but a reli-
able main effect of weekday was observed. F(6,162)=5.59, p<
.001, and is shown in Figure 6.

A post hoc analysis using Bonferronis tests showed that out
of the 21 possible paired comparisons. only 9 reached signifi-
cance. All 9 involved comparing a weekday 1o either Saturday
or Sunday, a finding that implies that leisure time is reliably
elevated during the weekend. This pattern is consistent with
the hypothesis that activities other thansleep can provide neces-
sary rest. The finding that the best violinists spend less time for
leisure is important because leisure is judged to be the most
enjoyable of all activities, as reflected by the ratings of inherent
pleasure in Table 1. For all young violinists there is a reliable
negative correlation between amount of leisure time and
amount of time on music-related activities, r(28) = —0.37. p
< .05.

Estimates of Weekly Duration of Various Activities

It is possible that some of the results found with the time-con-
suming method of collecting and analyzing diaries could have
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starting ages is natural. In the current system with age-matched
evaluation of performance. it is impossible for an individual
with less accumulated practice at some age to catch up with the
best individuals, who have started earlier and maintain maxi-
mal levels of deliberate practice not leading to exhaustion. As
noted earlier. the amount of possible practice appears to slowly
increase with accumulated practice and skill. Hence, individ-
uals intent on catching up may suddenly increase the amount of
deliberate practice to the level or even above the level of the best
performers. Within months these individuals are likely to en-
counter overuse injuries and exhaustion and may terminate
their engagement in the domain convinced that the best per-
formers are qualitatively different. Furthermore, the difference
in accumulated deliberate practice in late adolescence for the
good and best violinists is remarkably large and to eliminate
this difference the good violinists would have to practice an
additional 5 h per week bevond their current optimal level of
weekly practice for more than 8 full years.

The problem of overcoming differences in skill resulting
from accumulated practice is further amplified by the continu-
ousselection of individuals because of the costs associated with
the maintenance of deliberate practice. In all domains there is
only asmall number of positions in which individuals can freely
continue their efforts to attain eminent performance without
severe occupational constraints. Prior to that, the best training
environments with master teachers and coaches carefully select
the individuals with the best performance in late adolescence.
Institutions providing grants and master teachers have strong
restrictions on the maximum age of applicants. From the start
of training, the individual and his or her teachers and parents
constantly monitor and compare the current performance to
that of other individuals of the same age in the domain to assess
whether the costs in time. effort, and money associated with
sustaining high levels of deliberate practice are warranted. A
high level of performance. whether it is due to acquired skill or
to innate talent, will always be the best predictor of future
performance and will therefore attract motivational support
and necessary resources. The majority of individuals in the
domain are not provided these resources because of their lower
current performance at the relevant ages with lost opportuni-
ties for further development.

In addition. our theoretical framework can easily account for
changing levels of performance in different historical times
and in different cultures by corresponding differences in the
encouragement and availability of deliberate practice. Wells
(1991) attributed the big differences in athletic performance
between men and women, which are currently decreasing as a
function of changing sex-role expectations, to differential “op-
portunities for participation at an early age and the availability
of expert coaching™ (p. 49).

In summary, our framework can account for a wider range of
empirical characteristics of exceptional performance than the
talent view. Although we are reluctant to accept individual dif-
ferences in innate abilities (talent) and any important role of
these differences in determining expert performance. we do
not rule out the importance of individual differences in gen-
eral. In fact. within our framework we would expect that several
“personality” factors. such as individual differences in activity
levels and emotionality may differentially predispose individ-

uals toward deliberate practice as well as allow these individ-
uals to sustain very high levels of it for extended periods, We
now turn toward a reevaluation of the evidence linking expert
performance and innate abilities and characteristics reviewed
in the introduction. Once individuals have started deliberate
practice, it is virtually impossible to distinguish the role of natu-
ral ability (innate talent) from that of acquired characteristics
and skill in their current level of performance. This is particu-
larly true as the effects of extended practice, especially at young
ages, are much more far reaching than commonly believed pos-
sible. In the General Discussion we review evidence on the
possibility that early signs of natural ability (talent) are the
cause of especially early start of practice, as well as the reverse
possibility that characteristics assumed to reflect innate talent
are the result of deliberate practice.

General Discussion

In a couple of respects our findings and those from the litera-
ture we reviewed are consistent with two of the three factors
Galton (1869/1979) thought necessary for attaining eminent
performance. The necessity for 10 years of preparation is clearly
consistent with Galton’s requirement of motivation and perse-
verance. The quantified role of deliberate practice corresponds
nicely with Galton’s prerequisite of “adequate power of doing a
great deal of very laborious work™ (p. 37). Although both of
these factors could be plausible loci for heritable differences,
Galton and subsequent researchers in genetics have empha-
sized that a third factor, namely, innate ability, is the major
source of heritable differences that determine eminent perfor-
mance. ' -

The best information about the innate attributes characteriz-
ing the best performers can be gained by careful examination
and analysis of critical attributes that distinguish these individ-
uals from less successful individuals. Because innate differ-
ences have traditionally been viewed as impossible to modify,
researchers have been interested primarily in innate differ-
ences that can be detected in children at very early ages and
thus aid parents, teachers. and coaches in guiding these chil-
dren into the domain appropriate to their talents. Selecting a
domain is more difficult if. as Galton believed, general talents
predispose a child for eminence in almost any domain. If there
is such a thing as a general talent, availability and the child’s
early interest in a domain would govern the selection of a do-
main for early start of practice. Both the hypotheses of general
and domain-specific talents would predict that a child would
exhibit signs of talent after a short period of exposure to the
domain. This raises the possibility that talent revealed early
provides the environmental support and motivation for the
early start of practice and the high levels of deliberate practice
observed while individuals are attaining expert performance.
According to this hypothesis, early talent is the cause of in-
creased practice, and the correlation between practice and elite
performance is confounded by differences in initial talent.

In the following discussion we reexamine the evidence, cited
in the introduction 1o this article, for the role of innate differ-
ences in the attainment of expert performance. The dichotomy
between characteristics that can be modified and those that
cannot may not be valid when we examine the effects of over
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individual differences related to levels of elite performance are
due to the amount and organization of knowledge, which every-
one agrees must have been acquired. Finally, memory perfor-
mance for briefly presented stimuli relevant to a given domain
differs as a function of the level of performance in those do-
mains (Chase & Simon, 1973: for a review see Ericsson and
Smith. 199 1b). but does not generalize to scrambled versions of
the same stimuli. Hence experts’ superior memory perfor-
mance must be mediated by knowledge about the domain.
knowledge that enables them to encode meaningful relations
between the elements of the stimuli.

The second general finding is that expert performers have
acquired skills that enable them to circumvent general memory
and processing limits. Chase and Simon (1973) originally attrib-
uted experts’ superior memory to chunking in short-term mem-
ory. This account has been revised, and the exceptional mem-
ory of experts has been shown to reflect rapid storage in long-
term memory (Charness. 1976; Frey & Adesman. 1976: Lane &
Robertson. 1979). Building on Chase and Ericsson’s (1982)
skilled memory theory, Ericsson and Staszewski {1989) con-
cluded that experts acquire memory skill enabling them to rap-
idly access relevant information in an extended working mem-
ory that relies on storage in long-term memory. This acquired
memory skill underlies experts’ superior ability to plan and
evaluate potential sequences of moves in chess (Charness. 1981,
1989), sequences of card exchanges in bridge (Charness. 1989),
and alternative diagnoses in medicine (Patel & Groen, 1991).
The most important implication of these acquired memory
skills is that they enable experts to circumvent the limited stor-
age capacity of short-term memory. Thus these skills eliminate
any restrictive influence of individual differences in this basic
capacity (Ericsson & Smith, 1991b).

In tasks involving motor performance, experts can similarly
circumvent basic limits of sequential processes (Salthouse,
1991). It is plausible that after extended practice. the ultimate
reaction time on a simple task depends on the speed of the
neural and motor components of the response process in a
simple reaction. However. individual differences in simple reac-
tion time are essentially unrelated to expert performance
(Starkes & Deakin, 1984). Furthermore. the speed of motor
processes is faster than would be expected from a sequence of
simple reactions. Expert typists can type at great speed because
they prepare several typing responses in advance of the next
typing response. a finding which Gentner (1988) documented
by high-speed filming of experts’ finger movements on the key-
board. Monitoring of expert typists’ eye fixations reveals that
they look ahead in the text to be typed. and the extent to which
they do so is strongly correlated with their typing speed
(Butsch. 1932). Experimental manipulations of the number of
characters that are displayed in advance (preview) show that a
certain preview is necessary for maximal typing speed. Reduc-
tion of preview below that amount decreases typing speed, and
without preview, expert typists type at speeds comparable to
those of novices (Salthouse, 1984). Experts’ typing speed be-
comes constrained by several new factors. such as the need 10
use the same finger in consecutive key strokes and indepen-
dence of movements between and within hands. Similarly,
when expert pianists prepare a musical piece for public perfor-
mance. thev spend considerable time determining how to hit

keys with different fingers and thereby minimize such con-
straints on movement.

The ability to anticipate future events and thus prepare ac-
tions in advance is critical in many domains of expertise. partic-
ularly in sports. Abernathy and Russel (1987) showed tennis
players pictures of an opponent in different phases of preparing
to serve. They found that with increasing levels of expertise,

tennis players can use advance cues. such as location of arms

and racquet, to predict where the tennis ball will hit in the
service area. Shown pictures of an attacking field-hockey
player preparing a shot. national-level field-hockey players can
predict where the ball will go even before the attacking player’s
club has made contact with the ball (Starkes, 1987). The impor-
tant implication of this research is that experts can circumvent
any basic limits on the serial motor processes constraining a
novice by using advance cues to prepare movements.

In summary, research on skill acquisition indicates that per-
formance in the initial phases of practice is determined by char-
acteristics quite different from those that determine perfor-
mance during later phases. Considering that expert perfor-
mance is acquired during a decade of intense preparation. the
evidence suggests that relevant practice activities during devel-
opment lead to far greater changes in basic perceptual and mo-
tor abilities than previously thought. What distinguishes expert
performers is mostly more and better organized knowledge,
which had to have been acquired. Most important. recent re-
search on expertise shows that experts can acquire cognitive
skills enabling them to circumvent the limits of short-term
memory capacity and serial reaction time. This research rules
out the hypothesis that individual differences in those func-
tions will influence and constrain final adult performance and
is consistent with the low predictability of performance by abil-
ity tests after extended relevant experience (Hulin et al.. 1990).
Finally, because the criteria for expert performance in most
domains change as a function of age and level of performance,
it appears unlikely that the study of early performance will
reveal fixed elements that determine the level of final adult
performance.

The Role of Perceived Talent. Motivation. and
Predisposition for Practice

From our search for immuztable characteristics correspond-
ing to innate talent, we conclude that individuals acquire vir-
tually all of the distinguishing characieristics of expert per-
formers through relevant activities (deliberate practice). At least
one characteristic. height. cannot be acquired. However, even
height is imperfectly related to expert performance. and adult
height has a correlation of only around 0.8 with height at ages
younger than 17 to 18 (Malina & Bouchard, 1991). when deci-
sions to start practice are made. Apparently no valid informa-
tion on innate talent is available during an individual's initial
exposure to the domain. In spite of this. assessments of talent
and decisions to initiate deliberate practice are as a rule made
during this period (Bloom. 1985b). The perception that a child
is talented is unquestionably real. and such perceptions moti-
vate parents to provide the time and money to support deliber-
ate practice as well as to encourage their children in a particular
domain. In the normal case (Bloom. 1985b), the child enjoys



































