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Abstract

Why are some people more skilled in complex domains than other people? According to one prominent view, individual
differences in performance largely reflect individual differences in accumulated amount of deliberate practice. Here,
we investigated the relationship between deliberate practice and performance in sports. Overall, deliberate practice
accounted for 18% of the variance in sports performance. However, the contribution differed depending on skill
level. Most important, deliberate practice accounted for only 1% of the variance in performance among elite-level
performers. This finding is inconsistent with the claim that deliberate practice accounts for performance differences
even among elite performers. Another major finding was that athletes who reached a high level of skill did not begin
their sport earlier in childhood than lower skill athletes. This finding challenges the notion that higher skill performers
tend to start in a sport at a younger age than lower skill performers. We conclude that to understand the underpinnings
of expertise, researchers must investigate contributions of a broad range of factors, taking into account findings from
diverse subdisciplines of psychology (e.g., cognitive psychology, personality psychology) and interdisciplinary areas
of research (e.g., sports science).
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Who becomes a success in music, sports, games, busi-
ness, and other domains? This is a question that parents,
teachers, coaches, talent scouts, and search committees
all seek to answer—and one that psychologists have
debated for as long as psychology has been a field.
Galton (1869) argued that eminence in science, music,
art, and other fields reflects a “natural ability.” Thorndike
(1912) countered that “we stay far below our own possi-
bilities in almost everything that we do . . . not because
proper practice would not improve us further, but
because we do not take the training or because we take
it with too little zeal” (p. 108). Watson (1930), in turn,
famously guaranteed that he could take any infant at ran-
dom and “train him to become any type of specialist [he]
might select . . . regardless of his talents” (p. 104).

More recently, scientists interested in expertise have
focused on identifying sources of individual differences
in performance using psychometric, experimental, behav-
ioral, genetic, and other research approaches. Here, using
meta-analysis, we investigate how various task, partici-
pant, and methodological factors affect the relationship
between deliberate practice and performance in a domain
that has been of particular interest to expertise
researchers—sports.

Corresponding Author:

Brooke N. Macnamara, Case Western Reserve University,
Department of Psychological Sciences, 10900 Euclid Ave., Cleveland,
OH 44106-7123

E-mail: brooke.macnamara@case.edu

Downloaded from pps.sagepub.com by guest on June 2, 2016


mailto:brooke.macnamara@case.edu
http://pps.sagepub.com/

334

Macnamara et al.

The Deliberate Practice View

It is undeniable that some people are much more highly
skilled than other people in complex domains. Nowhere
is this more evident than in sports. Consider that the win-
ning times for the 2014 New York City Marathon—just
under 2 hr, 11 min for the men and just over 2 hr, 25 min
for the women—were more than 2 hours better than the
average time of all contestants (see http://www.tcsnyc-
marathon.org/). Or consider that although many golfers
struggle to break 100 for 18 holes, the best professional
golfers average in the high 60s, playing the most difficult
golf courses in the world (see http://www.pgatour.com/
stats/stat.120.htmD.

What explains this striking variability? Over 20 years
ago, in a highly influential article, Ericsson, Krampe, and
Tesch-Romer (1993) proposed that individual differences
in performance largely reflect accumulated amount of
deliberate practice, which they operationally defined as
engaging in activities created specifically to improve per-
formance in a domain. In two studies, Ericsson et al.
recruited musicians from different levels of accomplish-
ment and asked them to retrospectively estimate the
amounts of time per week they had engaged in deliber-
ate practice. Group averages were highest for the most
accomplished musicians. For example, on average, the
“best” violinists had accumulated over 10,000 hr of delib-
erate practice, compared with less than 8,000 hr for the
“good” violinists and not even 5,000 hr for the least
accomplished “teachers.” Ericsson et al. concluded that
“individual differences in ultimate performance can
largely be accounted for by differential amounts of past
and current levels of practice” (p. 392, emphasis added).

The deliberate practice view is a popular account of
expertise. Indeed, Ericsson et al. (1993) has been cited
over 5,000 times (source: Google Scholar). Nevertheless,
research indicates that deliberate practice does not largely
account for individual differences in performance. Gobet
and Campitelli (2007) found a large amount of variability
in the total amount of deliberate practice it took chess
players to first reach “master” status—from 3,016 hr to
23,608 hr. Subsequently, Hambrick et al. (2014) reana-
lyzed results of previous studies and found that accumu-
lated amount of deliberate practice accounted for only
about one third of the reliable variance in performance in
chess and music, leaving the rest explainable by other
factors.

In a meta-analysis of 157 effect sizes and a total sam-
ple size of over 11,000, we (Macnamara, Hambrick, &
Oswald, 2014) found that amount of deliberate practice
accounted for well less than half of the variance in per-
formance in each of the major domains in which deliber-
ate practice has been studied: games (26%), music (21%),
sports (18%), education (4%), and professions (<1%).

Some of the unexplained variance is presumably because
of measurement error (i.e., the unreliability of the mea-
sures of deliberate practice and performance). However,
across a wide range of reliability assumptions, the per-
centage of variance explained by deliberate practice was
considerably smaller than the percentage unexplained.
Thus, deliberate practice appears to be an important
piece of the expertise puzzle but not the only piece and
not necessarily the largest piece.

Present Study

In our previous meta-analysis (Macnamara et al., 2014),
we focused on the relationship between deliberate prac-
tice and performance at a broad level—that is, across all
domains in which this relationship has been studied.
Here, focusing on a single domain, our goal is to deepen
understanding of the relationship between deliberate
practice and performance by testing for effects of mod-
erator variables that cannot easily be tested across
domains. Our major question in the current meta-analysis
is whether the relationship between deliberate practice
and performance varies as a function of different factors
reflecting characteristics of individuals and of tasks.

We chose to focus on sports for four reasons. First, a
rich literature in sports science identifies variables that are
interesting to consider as moderators of the relationship
between deliberate practice and performance (e.g., open
vs. closed skill, individual vs. team). Second, by virtue of
the structure and organization of sports, more information
is available about the characteristics of athletes (e.g.,
delineated skill levels, youth vs. adult) than is available for
performers in many other domains (e.g., business, sci-
ence, music). This makes it possible to examine these
characteristics, along with task variables, as moderators of
the relationship between deliberate practice and perfor-
mance. Third, unlike in some domains (e.g., the arts),
there are objective measures of performance in most
sports. This makes sports ideal for research on expertise,
because subjective criteria for judging expertise some-
times correlate weakly with actual performance (Ericsson
& Smith, 1991). Finally, sports have been used more than
any other domain to study the relationship between delib-
erate practice and performance. This makes it possible to
evaluate moderator effects with a higher level of statistical
power and precision than in other domains. For all of
these reasons, we view sports as an ideal test bed for an
in-depth meta-analysis of the relationship between delib-
erate practice and performance.

We considered three types of moderator variables—
those pertaining to demands of the task, characteristics of
participants, and research methodology. We included
some of the moderator variables in our meta-analysis for
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purely descriptive reasons and others to test specific the-
oretical predictions.

Task Demands

Both across and within domains, the extent to which a
particular factor (e.g., deliberate practice) explains vari-
ance in performance may depend on task demands. We
tested for effects of four moderator variables pertaining
to the demands of the task that are relevant to sports. To
examine the effects of whether the task involves coordi-
nation of performance with others, we included the vari-
able individual versus team sport. To examine the effects
of the degree to which the performer can control when
to execute an action, we included the variable externally
paced (e.g., volleyball) wversus internally paced (e.g.,
darts) sport (Galligan et al., 2000). To examine the effects
of whether a sport uses a ball or projectile, we included
the variable ball versus non-ball sport. Finally, to examine
the effects of whether the environment is changing and
relatively unpredictable or static and relatively predict-
able during decision-making and performance execution,
we included the variable open-skill (e.g., field hockey)
versus closed-skill (e.g., bowling) sport (Knapp, 1967).

We made no prediction about how the strength of the
relationship between deliberate practice and perfor-
mance would differ between team sports and individual
sports, between externally paced sports versus internally
paced sports, or between ball sports and non-ball sports.
We did, however, predict that the relationship would be
stronger (more positive) for closed skill sports than for
open skill sports, based on the well-established finding
that effects of training on performance tend to be stron-
ger when the task environment is more predictable than
when it is less predictable (e.g., Ackerman, Kanfer, &
Goff, 1995; Schneider & Fisk, 1982).

Participant Characteristics

There were two moderator variables pertaining to partici-
pant characteristics. Youth versus adult refers to whether
the sample of athletes was recruited from a youth league
or training group or from an adult sport group. Two stud-
ies (four effect sizes) combined youth and adult athletes,
and one study did not report enough information for us
to classify the athletes as youths or adults. We excluded
the effect sizes from these studies when analyzing this
moderator. Skill level refers to the accomplishment of
adult athletes. (We only included adult athletes when ana-
lyzing this moderator because the criteria for determining
skill level are often different for youth athletes and adult
athletes.) There were three levels of this variable, repre-
senting three types of samples: subelite samples, consist-
ing of athletes who compete at the state/provincial level

or a lower level (i.e., club level, local level, and state/
provincial level); elite samples, consisting of athletes who
compete at the national level or a higher level G.e.,
national level, international level, Olympic/world cham-
pion level); and mixed samples, consisting of both elite
and subelite athletes. We chose these classifications so
that they would not be overly restrictive in terms of the
range of performance, making it possible to detect corre-
lations between deliberate practice and performance if
such correlations exist. That is, there was a relatively wide
range of performance within both the subelite and elite
classifications, as the subelite athletes ranged from recre-
ational athletes to athletes competing at the state level,
and the elite athletes ranged from athletes competing at
the national level to Olympic gold medalists.

We made no prediction about how the strength of the
relationship between deliberate practice and perfor-
mance would differ between youth samples and adult
samples. With respect to skill level, we were interested in
whether the effect of deliberate practice on performance
was as strong among elite athletes as among subelite ath-
letes. According to the deliberate practice view, deliber-
ate practice can account for performance differences
even among elite performers. That is, Ericsson et al.
(1993) stated that “[ilndividual differences, even among
elite performers, are closely related to assessed amounts
of deliberate practice” (p. 363, emphasis added). Thus,
we asked whether, and to what extent, deliberate prac-
tice would contribute to individual differences in perfor-
mance among elite athletes. The finding of a statistically
significant and sizeable relationship between deliberate
practice and performance in elite athletes would support
this claim of the deliberate practice view, whereas the
finding of a nonsignificant relationship would be incon-
sistent with this claim.

Research Methodology

Finally, there were two moderators pertaining to research
methodologies. Method used to measure deliberate prac-
tice refers to whether a questionnaire or interview was
used to obtain estimates of deliberate practice from par-
ticipants. Method used to measure performance refers to
whether the measure of performance was a standardized
objective measure (e.g., race time), a laboratory measure
(e.g., score on a laboratory test of some athletic skill),
group membership (e.g., international-level vs. recre-
ational-level athletes), or expert rating of performance
(e.g., coach rating).

Method

We designed the meta-analysis and reported the results
in accordance with the Preferred Reporting Items for
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Systematic Reviews and Meta-Analyses (PRISMA) statement
(Moher, Liberati, Tetzlaff, Altman, & The PRISMA Group,
2009). See Figure 1 for a flowchart depicting the major
steps of the meta-analysis.

Inclusion criteria, literature search,
and coding

The criteria for including a study in the meta-analysis
were as follows:

1. A measure of accumulated amount (e.g., number
of hours) of one or more activities interpretable as
reflecting deliberate practice (henceforth, deliber-
ate practice) was collected.

2. A measure of performance reflecting level of skill
in a sport was collected.

3. An effect size reflecting the relationship between
accumulated amount of deliberate practice and
sports performance was reported, or information
needed to compute this effect size was reported
or was obtained from the author(s) of the study.

4. The methods and results were in English.

5. The participants were human.

Ericsson et al. (1993) defined deliberate practice as
“activities that have been specially designed to improve
the current level of performance” (p. 368), and Keith and
Ericsson (2007) clarified that deliberate practice activities
“can be designed by external agents, such as teachers or
trainers, or by the performers themselves” (p. 130). As in
our previous meta-analysis (Macnamara et al., 2014), we
defined deliberate practice as engagement in an activity
created specifically to improve performance in a domain
and allowed that the activity could be designed by exter-
nal agents or by the performers themselves (see https://
osf.io/rhfsk for a complete list of the studies included in
Macnamara et al., 2014).

Among the studies that we included in the present
meta-analysis, examples of measures that have been
interpreted as reflecting deliberate practice include accu-
mulated amount of practice alone plus practice with a
partner in darts (Duffy, Baluch, & Ericsson, 2004); prac-
tice alone and practice with a team in bowling (Harris,
2008); practice aimed at improving technique in ballet
(Hutchinson, Sachs-Ericsson, & Ericsson, 2013); sports-
specific practice in triathletes (running, swimming, and
cycling) and swimmers (Hodges, Kerr, Starkes, Weir, &
Nananidou, 2004); and practice activities such as receiv-
ing coaching, technical practice, and video game analy-
sis in soccer and field hockey (Helsen, Starkes, & Hodges,
1998). All of the studies included in the meta-analysis
explicitly referred to the concept of deliberate practice.

We included all of the sports studies from Macnamara
et al. (2014) in this meta-analysis; we found these studies

through systematic literature searches (through March 24th,
2014) for relevant published and unpublished articles and
from e-mail requests to authors of articles on deliberate
practice. We also searched for relevant published and
unpublished articles that became available between March
24th, 2014, and October 13th, 2014. These searches yielded
9,509 relevant articles (9,331 potentially relevant articles
from the Macnamara et al., 2014, search and 178 from the
search through October 13th, 2014). After examining these
articles and discarding irrelevant ones, we identified 34
studies that met all the inclusion criteria.!

We coded each study and the measures collected in it for
reference information, methodological characteristics, and
results (the data file is openly available at osf.io/r5qjw
and http://pps.sagepub.com/content/by/supplemental-
data). Across studies, there were 52 independent sam-
ples, with 63 effect sizes and a total sample size of 2,765
participants. Of the 63 effect sizes, 38 were from pub-
lished articles or chapters (V = 2,066), and 25 were from
unpublished manuscripts, theses, dissertations, and data-
sets (N = 699). See Table 1 for additional characteristics
of the meta-analysis.

Effect sizes and moderator variables

The meta-analysis used the correlation between accumu-
lated amount of deliberate practice and sports perfor-
mance as the measure of effect size. The majority of the
effect sizes were correlations that were included in the
study reports.? For studies in which the authors only
reported group-level comparisons (e.g., international-
level athletes vs. recreational-level athletes), we converted
standardized mean differences (Cohen’s ds) to biserial
correlations (Becker, 1986; Hunter & Schmidt, 1990).

Individual versus team sport, ball versus non-ball
sport, externally paced versus internally paced, youth
versus adult sample, skill level of sample, method used to
measure deliberate practice, and method used to mea-
sure performance were straightforward to classify based
on information reported in the articles we collected; thus,
we classified the effect sizes for these moderators our-
selves. Open skill versus closed skill sport is a more sub-
jective variable, and thus we had coaches (N = 21) of
various sports at the first author’s institution (Case
Western Reserve University) classify the sports for this
moderator variable. We instructed the coaches to classify
a sport as an open skill sport if the environment changes
continuously and is unpredictable, and to classify a sport
as a closed skill sport if the environment is static and
predictable. Interrater reliability was high (observed
agreement = .93, Fleiss k = .80).

There were only two effect sizes for the laboratory
measure level of the method used to assess performance
moderator variable; we excluded these two effect sizes
when analyzing this moderator variable, because as a
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Search Features
(Macnamara et al., 2014)

e Searching electronic databases (ERIC, Psychinfo,
PubMed, WorldCat, and ProQuest Dissertations &
Theses) and Google Scholar, using combinations of
the following search terms: deliberate practice;
practice; training; study; Ericsson; hours;
accumulated; cumulative; education; academic;

sport(s); medicine; art; writing; chess; game(s); « Performing citation searches for key publications on

music(al); profession(s)(al) o deliberate practice (e.g., Ericsson, Krampe, & Tesch-
e Performing citation searches for key publications on Romer, 1993)

deliberate practice (e.g., Ericsson, Krampe, & Tesch-
Rémer, 1993)

e Scanning reference lists in publications on deliberate
practice

e Scanning tables of contents in relevant journals

e Sending e-mail request to authors (n = 136) of
articles on deliberate practice requesting

unpublished data

Records After Duplicates Removed Records After Duplicates Removed
(n=9,331) (n=178)

y v

Criteria For Study Inclusion
e Must include a measure of accumulated amount of one or more activities interpretable as reflecting deliberate practice
e Must include a measure of performance reflecting level of skill in a sports domain
e Must report an effect size reflecting the relationship between accumulated amount of deliberate practice and
performance, or information needed to compute this effect size
e Must report methods and results in English
e Must use humans as participants

v v

Abstracts Screened Abstracts Excluded Abstracts Excluded Abstracts Screened
(n=19,331) > (n=16,318) (n=147) € (n=178)

Search Features
(through October 13th, 2014)

e Searching electronic databases (ERIC, Psychinfo,
PubMed, WorldCat, and ProQuest Dissertations &
Theses) and Google Scholar, using combinations of
the following search terms: deliberate practice;
practice; training; study; Ericsson; hours;
accumulated; cumulative; sport(s); athlet(e)(ic)

Search

e Scanning reference lists in publications on deliberate
practice

e Scanning tables of contents in relevant journals

e Sending e-mail request to authors (n = 5) of articles
on deliberate practice requesting unpublished data

Inclusion Criteria

Full Text Articles Evaluated but Excluded
(Macnamara et al., 2014: n=2,931)

(Search through October 13th, 2014: n = 145) Full Text Articles
No measure of accumulated deliberate practice pa Evaluated for
No individual difference measure of deliberate Eligibility
v practice (n=31)
e Not enough information to calculate an effect size
Participants were not human

Eligibility
[ ]

Full Text Articles
Evaluated for
Eligibility

(n=3,013) > Full Text Articles Evaluated but Excluded
__ (Macnamara et al., 2014: n=53)
¢ Not associated with sports performance

!

Studies Included (n = 34)
52 independent samples ® 63 effect sizes o Total N= 2,765

Included ]

,
\

Fig. 1. Flow diagram of the literature search and study coding.

=
o
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Table 1. Descriptive Characteristics of the Meta-Analysis

Study characteristic

No. of effect sizes No. of participants

Task demands

Team vs. individual
Team sport
Individual sport
Externally paced vs. internally paced®
Externally paced
Internally paced
Ball sport vs. Non-ball sport
Ball sport
Non-ball sport
Open vs. closed
Open skill
Closed skill

40 1,783
23 982
43 2,079

5 160
45 1,943
18 822
41 1,836
22 929

Participant characteristics

AgeP
Youth
Adult

Skill level©
Elite
Mixed
Sub-elite

30 1,339
28 1,162
6 228
13 648
9 285

Research methodology

Method used to measure deliberate practice
Interview
Questionnaire

Method used to measure performance?
Standardized objective measure
Laboratory task
Group membership
Expert rating

Total

13 440
50 2,325
15 476

2 32
32 2,041
14 248
63 2,765

“For this characteristic, the number of effect sizes does not sum to 63 and the number of participants does
not sum to 2,765 because sports that are self-paced but highly influenced by opponents’ pace were not

included in this classification.

PFor this characteristic, the number of effect sizes does not sum to 63 and the number of participants
does not sum to 2,765 because studies that mixed youth and adult athletes or did not provide enough
information to confirm age status were not included in this classification.

‘For this characteristic, the number of effect sizes does not sum to 63 and the number of participants does
not sum to 2,765 because samples of youth athletes were not included in this classification. Additionally,
one study did not provide enough information to classify skill level.

dFor this characteristic, the number of participants does not sum to 2,765 because one sample contributed

to multiple types of effects.

rule of thumb, at least five cases are needed per sub-
group to perform a moderator analysis (The Campbell
Collaboration, 2012).

Meta-analytic procedure

The meta-analysis involved four steps. The first step was to
obtain correlations between time spent in one or more
activities interpretable as deliberate practice and sports

performance, along with sampling error variances. The
second step was to search for outliers, which we defined
as correlations whose residuals had z scores of 3 or greater.
None of the correlations met this criterion. The third step
was to estimate overall effects and heterogeneity among
the correlations using random-effects meta-analysis mod-
eling and then test whether some of the heterogeneity was
predictable from moderator variables using mixed-effects
meta-analysis modeling. The final step was to perform

Downloaded from pps.sagepub.com by guest on June 2, 2016


http://pps.sagepub.com/

Deliberate Practice and Sports Performance

339

publication-bias analyses. We used the Comprehensive
Meta Analysis (Version 2; Biostat, Englewood, NJ) software
package to conduct the meta-analyses and publication-
bias analyses. (See also Methodological Details and Screen
Shots of Results, Figs. S1-S14, in the Supplemental Method
and Results in the Supplemental Material available online.)

Results

The participants in the studies reflected a wide range of
accumulated deliberate practice. For example, across the 28
studies that reported group-level descriptive statistics, the
weighted mean hours of deliberate practice was 3,949 hr
(8D = 2,942 hr), and the average hours of deliberate practice
for the subgroups ranged from 4 hr for lower skill athletes
to 12,839 hr for higher skill athletes. The participants in the
studies also reflected a wide range of accomplishment, from
recreational athletes to repeat Olympic gold medalists.

Figure 2 shows that nearly all correlations between
deliberate practice and performance were positive: High
levels of deliberate practice were associated with high lev-
els of performance. The meta-analytic average correlation
between deliberate practice and sports performance was
43, 95% confidence interval (CD) [.35, .50], which indicates
that deliberate practice explained 18% of the variance in
performance, 95% CI [12%, 25%], leaving 82% of the vari-
ance unexplained (see Fig. 3, upper panel). However, as
indicated by the I? statistic, which specifies the percent-
age of the between-studies variability in effect sizes that is
because of heterogeneity rather than random error, there
was a high degree of heterogeneity in the effect sizes,
I? = 83.54. We investigated the source of this heterogene-
ity through the moderator analyses reported next.

Results of moderator analyses

Task demands. The effect of individual versus team
sport was not significant, Q(1) = 0.11, p = .74. Percentage
of variance in performance explained by deliberate prac-
tice was 17% for team sports (¥ = .42, p < .001) and 19%
for individual sports 7 = .44, p < .00D).

The effect of externally paced versus internally paced
sport approached but did not reach statistical significance,
O = 3.13, p = .08. Percentage of variance in perfor-
mance explained by deliberate practice was 17% for exter-
nally paced sports (7 = .42, p < .001) and 41% for internally
paced sports (7 = .64, p < .001). (Sports that are self-paced
but highly influenced by opponents’ pace, such as running
in a race, were not included in this analysis.)

The effect of ball sport versus non-ball sport was not
significant, Q(1) = 0.86, p = .35. Percentage of variance in
performance explained by deliberate practice was 20%
for ball sports (¥ = .45, p < .001) and 15% for non-ball
sports (7 = .38, p < .001).

The effect of open skill versus closed skill sport was
not significant, Q(1) = 0.11, p = .74. Percentage of vari-
ance in performance explained by deliberate practice
was 17% for open sports (7 = .42, p < .001) and 19% for
closed sports (7 = .44, p < .00D).

Participant characteristics. The effect of age was not
significant, Q(1) < 0.01, p = .95. Percentage of variance in
performance explained by deliberate practice was 19%
for athletes selected from youth teams or youth programs
(7 = .43, p < .00D) and 18% for adult athletes (7 = .43,
p <.00D).

The effect of skill level was significant, Q(2) = 7.04,
p =.03. (Note again that this analysis only included adult
athletes.) Percentage of variance in performance
explained by deliberate practice was 19% for studies that
used subelite athletes (7 = .44, p < .01) and 29% for stud-
ies that used mixed samples (both elite and subelite ath-
letes; 7 = .54, p < .001), but it was only 1% for studies that
used elite athletes (7 = .11, p = .50). See Figure 3.

Research methodology. The effect of method used to
measure deliberate practice was not significant, Q(1) =
0.03, p = .86. The percentage of variance in performance
explained by deliberate practice was 19% for studies that
used an interview (7 = .44, p < .001) and 18% for studies
that used a questionnaire (77 = .42, p < .00D).

The effect of method used to measure performance was
significant, O(2) = 32.33, p < .001. The percentage of vari-
ance in performance explained by deliberate practice was
25% for studies that used group membership (77 = .50, p <
.001) and 20% for studies that used standardized objective
scoring measures (7 = .45, p < .001), but it was only 2% for
studies that used expert ratings (77 = .14, p < .0D).

Additional analyses

Individual practice. We conducted three additional
meta-analyses. The first included only the 14 effect sizes
(N = 488) for solitary deliberate practice. We tested this
model because there is a debate in the literature about
whether deliberate practice must be performed in isola-
tion to be maximally effective (Charness, Tuffiash,
Krampe, Reingold, & Vasyukova, 2005; Ericsson et al.,
1993). The meta-analytic average correlation between
deliberate practice in isolation and performance was .47,
95% CI [.33, .58], which indicates that deliberate practice
in isolation explained 22% of the variance in perfor-
mance, 95% CI [11%, 34%)], leaving 78% of the variance
unexplained. The percentage of performance variance
explained by solitary deliberate practice was not signifi-
cantly different from the percentage of performance vari-
ance explained by practice that was not specified as
solitary (18%), O(1) = .25, p = .62.
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Study name

Ward, Hodges, Starkes, & Williams (2007) — S6
Helsen, Starkes, & Hodges (1998) — S1

Ward et al. (2007) -S4

Ward et al. (2007) — S5

Diogo & Gongalves (2014)

Harris (2008) - M1

Da Matta (2004)

Harris (2008) — M3

Weissensteiner, Abernethy, Farrow, & Mdller (2008) — S3
Ward et al. (2007) —S1

Harris (2008) — M2

Ward et al. (2007) —S3

Ward et al. (2007) — S7

Ward et al. (2007) — S2

Weissensteiner et al. (2008) — S1

Young, Medic, Weir, & Starkes (2008)
Elferink-Gemser, Starkes, Medic, Lemmink, & Visscher (2011) — S2
Hodges, Kerr, Starkes, Weir, & Nananidou (2004) — S4
San & Lee (2014)

Bruce, Farrow, & Raynor (2013)

Ward et al. (2007) — S8

Duffy, Baluch, & Ericsson (2004)

Helsen et al. (1998) — S2

Schultetus & Charness (1997)

Ford & Williams (2012)

Baker, Deakin, & Coté (2005)

Hodges et al. (2004) — S1

Urefia (2004)

Hodges, Augaitis, & Crocker (in revision) —S1
Hodges et al. (2004) - S3

Weissensteiner et al. (2008) — S2

Hodges et al. (in revision) — S3

Hodges et al. (2004) — S2

Hendry (2012) — S1 - M4

Hutchinson, Sachs-Ericsson, & Ericsson (2013)
Cathey (2010)

Maynard, Hambrick, & Meinz (2014)

Berry, Abernethy, & Coté (2008)

Hendry (2012) — S2 — M2

Hodges et al. (in revision) — S4

Hodges & Starkes (1996)

Hendry (2012) - S1 - M2

Hendry (2012) —S1-M3
Hendry (2012) - S3 - M3
Hendry (2012) - S1-M1

Moesch, Elbe, Hauge, & Wikman (2011)
Baker, Bagats, Blsch, Strauss, & Schorer (2012) —S2
Elferink-Gemser et al. (2011) —S1

Baker, Coté, & Abernethy (2003)

Hendry (2012) — S2 - M4

Haugaasen, Toering, & Jordet (2014)
Young (1998)

Hendry (2012) - S3 - M1

Hendry (2012) — S3 — M2

Hodges et al. (in revision) — S2

Hendry (2012) - S2 - M1

Hendry (2012) - S2 - M3

Hendry (2012) — S3 - M4

Baker et al. (2012) —S1

Memmert, Baker, & Bertsch (2010)
Johnson, Tenenbaum, & Edmonds (2006)
Smith (2012)

Giillich (2014)
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Fig. 2. Correlations between deliberate practice and sports performance. Correlations (squares) and 95% confidence intervals
(CIs; lines) are displayed for all effects entered into the meta-analysis. The diamond on the bottom row represents the meta-
analytically weighted mean correlation. Multiple measures were adjusted for dependency (see also Methodological Details in
the Supplemental Method and Results in the Supplemental Material available online). For studies with multiple independent
samples, the result for each sample (S1, S2, etc.) is reported separately. Similarly, for studies with multiple performance mea-

sures, the result for each measure (M1, M2, etc.) is reported separately.
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Fig. 3. Percentage of variance in sports performance explained (light gray) versus not
explained (dark gray) by deliberate practice (upper panel). Percentage of variance in
sports performance explained (light gray) versus not explained (dark gray) by deliber-
ate practice in subelite athlete samples (lower left), in mixed athlete samples (including
both subelite and elite athletes; lower center), and in elite athlete samples (lower right).
Percentage of variance explained is equal to 72 x 100.

Composite measures. Some of the effect sizes included
in this meta-analysis were based on composite measures
that included competition or playful activities, along with
deliberate practice. Although there is evidence for the
importance of both competition and playful activities in
developing expertise, both generally and in sports (e.g.,
Baker, Co6té, & Abernethy, 2003; Berry, Abernethy, &
Coté, 2008; Bruce, Farrow, & Raynor, 2013; Elferink-
Gemser, Starkes, Medic, Lemmink, & Visscher, 2011; Ford &
Williams, 2012; Howard, 2012), a central claim of the
deliberate practice view is that these forms of domain-
relevant experience are less important than deliberate
practice as predictors of expertise (Boot & Ericsson, 2013;
Ericsson et al., 1993). This claim implies that the average
correlation between deliberate practice and performance
that we obtained in our overall analysis (see Fig. 2) is a
significant underestimation of the true correlation
between the variables.

To investigate this possibility, in the second additional
meta-analysis, we excluded effect sizes from the afore-
mentioned studies, leaving 53 effect sizes (N = 1,789)
based on measures that did not include competition or
playful activities. The meta-analytic average correlation
for these studies was .41, 95% CI [.33, .50], which is nearly
the same as the overall average correlation (.43) and

indicates that deliberate practice explained 17% of the
variance in performance in this subset of studies, 95% CI
[11%, 25%], leaving 83% of the variance unexplained.
Moreover, the percentage of performance variance
explained by measures of deliberate practice that did not
included competition or playful activities was not signifi-
cantly different from the percentage of performance vari-
ance explained by composite measures that did include
competition or playful activities, Q(1) = .28, p = .59.

Starting age. The third additional meta-analysis tested
for a difference between higher skill and lower skill per-
formers in starting age. The question of how early a child
should begin a sport is of interest to parents, coaches,
and expertise researchers alike. Some researchers (e.g.,
Ericsson et al., 1993) have suggested that an early starting
age is critical for attaining an elite level of performance,
because the younger the starting age, the greater the
opportunity to train. Other researchers (e.g., Baker, 2003;
Wiersma, 2000) have argued that starting too young in a
sport may be detrimental to later success because it may
increase the likelihood of burnout and overuse injuries.
Another argument for later specialization is that engaging
in multiple sports before focusing on one improves core
motor skills and coordination (Fransen et al., 2012).
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Starting ages tend to differ across sports. For example,
starting age for soccer tends to be earlier than the starting
age for wrestling. To control for this in our meta-analysis,
we compared the average starting age of higher skill ath-
letes in a given study to the average starting age for the
lower skill athletes in that same study. That is, for each
study, the effect size was the mean starting age for the
higher skill group minus the mean starting age for the
lower skill group.

This meta-analysis included 24 effect sizes (N=1,477).3
The higher skill athletes began engagement in their sport
later, not earlier, than their lower skill counterparts,
although this difference is not statistically significant,
p = .68. The meta-analytic mean difference in starting age
between higher skill athletes and their lower skill coun-
terparts was a nonsignificant 0.11 years (or 5.6 weeks),
95% CI [-.41, .62].4

Another question to ask is whether starting age differ-
ences are associated with differences in accumulated
deliberate practice. In other words, when comparing
higher skill to lower skill athletes, does starting age predict
the amount of deliberate practice accumulated? To answer
this question, we examined all the studies that provided
information on skill level, amount of accumulated deliber-
ate practice, and starting age (15 effect sizes, N = 1,137).
We calculated (a) the standardized mean difference
between lower skill and higher skill athletes in starting
age, and (b) the standardized mean difference between
lower skill and higher skill athletes in accumulated delib-
erate practice. We then calculated the correlation between
these two variables. If earlier starting age is associated with
more deliberate practice, we should observe a significant
negative correlation between starting age differences and
deliberate practice differences. However, contrary to this
prediction, the correlation was positive and not signifi-
cantly different than zero (r = .18, p = .53).

This additional meta-analysis investigating differences
between starting age and skill level is not necessarily
comprehensive, because we did not conduct a separate
literature search for studies of the relationship between
these variables. Nevertheless, it provides the most evi-
dence to date on the relationship between starting age
and skill level in sports.

Publication-bias analyses

Publication bias occurs when the likelihood of publica-
tion depends on the results of the study—that is, when
studies that find large and statistically significant effects
in the predicted direction are more likely to be submitted
and accepted for publication than studies that find small
or nonsignificant effects or effects in the nonpredicted
direction (Begg & Berlin, 1988; Rothstein, Sutton, &
Borenstein, 2005).

We investigated two specific issues pertaining to pub-
lication bias. The first was the possibility that studies
were missing from our meta-analysis. We found a con-
siderable number of unpublished studies to include in
the meta-analysis. However, it is impossible to know
whether we obtained all or even most of the unpub-
lished studies that exist. Thus, we investigated the likeli-
hood that our meta-analysis is affected by missing
unpublished studies by inspecting a funnel plot depict-
ing the relationship between standard error and effect
size (Light & Pillemer, 1984; Sterne & Egger, 2001). If a
meta-analysis is unbiased by missing unpublished stud-
ies, studies with larger sample sizes (and thus smaller
standard errors) will cluster tightly in the plot near the
mean effect size, whereas studies with smaller sample
sizes (and thus larger standard errors) will be more dis-
persed and distributed symmetrically about the mean
effect size, creating a funnel-like shape. By contrast, if a
meta-analysis is likely biased by missing unpublished
studies, smaller sample studies will be clustered on the
right side of the mean effect size, indicating that these
effects are above average in magnitude. This type of
clustering suggests that smaller sample studies are more
likely to be published (and thus included in a meta-
analysis) if they report larger-than-average effect sizes
and that their below-average counterparts, which were
equally as likely to be found, are missing from the meta-
analysis. Inspection of our funnel plot revealed an
approximately symmetrical shape, suggesting that stud-
ies are not missing from our meta-analysis (See Fig. S13).
A trim-and-fill analysis (Duval & Tweedie, 2000a, 2000b)
confirmed this, estimating that zero effects were missing
from our analysis.

The second issue was the magnitude of the effect size
for published versus unpublished studies. Although the
preceding analysis estimates that no studies were missing
from our meta-analysis, the large number of unpublished
studies that we found through our literature searches
raises the possibility that certain studies of deliberate
practice and sports remain unpublished. Studies may
remain unpublished because they are methodologically
weak. That is, weak studies may not be submitted for
publication or may not “survive” the review process.
Alternatively, studies may remain unpublished because
they find null or weak effect sizes. That is, studies with
results that do not strongly support a particular hypoth-
esis may not be submitted for publication or may be
rejected from publication, leading to an inflation of the
relationship within the published literature relative to the
true relationship.

Weak methodologies and weak findings are not neces-
sarily mutually exclusive. For example, studies with small
sample sizes may lack the power to detect a statistically
significant effect. This does not seem to be the case
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within this meta-analysis. The median sample size for the
effect sizes from published studies was 33, whereas the
median sample size for the effect sizes from unpublished
studies was 46. Likewise, when we examined the sample
sizes in increments of 10 (i.e., <10, 10-19, 20-29, 30-39,
etc.), we found that the majority of the published studies’
sample sizes were between 20 and 29, whereas the
majority of the unpublished studies’ sample sizes were
between 40 and 49. (See Table S3 in the Supplemental
Materials available online for additional sample-size
details of the published and unpublished studies.)

A moderator analysis revealed that the correlations
between deliberate practice and performance from the
unpublished studies (25 cases, N = 699) were significantly
smaller than those from the published studies (38 cases,
N =2,060), O(1) = 4.23, p = .04. The average correlation
between deliberate practice and performance in unpub-
lished studies was .33, 95% CI [.21, .44], which indicates
that deliberate practice explained 11% of the variance in
performance in these studies; the average correlation
between deliberate practice and performance in pub-
lished studies was .48, 95% CI [.38, .57], which indicates
that deliberate practice explained 23% of the variance in
performance in these studies (see Fig. 4).

General Discussion

The deliberate practice view is an important and influen-
tial theoretical account of expert performance (Ericsson
et al., 1993), but the claim that individual differences in
performance can largely be accounted for by deliberate
practice is not supported by the available empirical evi-
dence (e.g., Macnamara et al., 2014). Here, we performed
a focused meta-analysis that allows us to draw conclu-
sions about the relationship between deliberate practice
and performance in the sports that are represented. By
examining currently available evidence, this meta-analy-
sis contributes to a deeper understanding of deliberate
practice and its role in acquiring expertise.

We found that, on average, deliberate practice
accounted for 18% of the variance in sports performance,
leaving 82% of the variance potentially explainable by
other factors. Moderator analyses revealed three major
findings. First, regarding task demands, deliberate prac-
tice explained a similar amount of the variance in perfor-
mance when comparing individual sports (19%) with
team sports (17%); ball sports (20%) with non-ball sports
(15%); and open-skill sports (17%) with closed-skill
sports (19%). There was a marked trend for deliberate
practice to explain more performance variance in inter-
nally paced sports (41%) than in externally paced sports
(17%). This difference failed to reach statistical signifi-
cance, though a difference of this magnitude is poten-
tially important from a practical perspective.

Unpublished Published

11%

Fig. 4. Percentage of variance in sports performance explained (light
gray) versus not explained (dark gray) by deliberate practice in unpub-
lished studies (left) and in published studies (right). Percentage of vari-
ance explained is equal to 72 x 100. Any discrepancies between 72
values obtained from squaring meta-analytic 7s and those reported in
text are due to rounding; see Supplemental Materials.

Second, regarding type of research method, deliberate
practice explained a similar amount of the variance in
performance in studies that used an interview (19%) to
assess deliberate practice and in studies that used a ques-
tionnaire (18%), but it accounted for a much larger amount
of the variance in studies when performance was mea-
sured using group membership (25%) or a standardized
objective score (20%) than when it used expert ratings
(2%). Tt is unclear to us why deliberate practice explained
so little of the performance variance when expert ratings
were used. Coaches served as the expert raters in all of
the studies that used this measure of performance, and 12
of the 14 effect sizes associated with expert ratings were
from a single author and were all for youth performance.
It is possible that expert ratings by coaches are not reli-
able when assessing youth athletes or that these particular
coaches did not provide reliable assessments. Interrater
reliability was high in the two other studies where coaches
rated adult athletes, but no interrater reliability informa-
tion was available for the 12 effect sizes for youth perfor-
mance. Future research on the relationship between
deliberate practice and sports performance would benefit
from collecting laboratory measures of performance.

Finally, regarding characteristics of participants, delib-
erate practice explained a similar amount of the variance
in performance for youth athletes (19%) as it did for adult
athletes (18%). A major finding of the present meta-anal-
ysis was that skill level significantly moderated the rela-
tionship between deliberate practice and performance.
Deliberate practice explained 19% of the variance in per-
formance in studies that used subelite athletes and 29%
of the variance in performance in studies that used mixed
samples but a statistically nonsignificant 1% of the vari-
ance in studies that included elite athletes. Although
more studies are needed that examine the upper echelon
of performance (elite category in the present meta-analy-
sis: effect sizes = 6, N = 228), this finding suggests that
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deliberate practice loses its predictive power beyond a
certain level of skill. In other words, although there is
evidence that deliberate practice is one factor that con-
tributes to performance differences across a wide range
of skills, it may not contribute to performance differences
at the highest levels of skill. Consistent with this conclu-
sion, in a study of field hockey players included in the
present meta-analysis, Gullich (2014) found a nonsignifi-
cant difference in accumulated deliberate practice hours
between Olympic gold medalists (M = 3,556, SD = 1,134)
and field hockey players who played in the first four divi-
sions for their country but who had not achieved interna-
tional success (M = 4,118, SD = 807). Similarly, in a study
of swimmers included in the present meta-analysis, John-
son, Tenenbaum, and Edmonds (2006) found a nonsig-
nificant difference in accumulated deliberate practice
hours between highly accomplished swimmers (M = 7,129,
SD = 2,604) and swimmers who had not yet achieved
similar accomplishments (M = 7,819, SD = 2,209).

Effects of all of the other moderator variables we con-
sidered in the meta-analysis were statistically nonsignifi-
cant. These null results suggest that the effect of deliberate
practice on performance is similar across levels of the
moderator variables considered in this study. These find-
ings contribute to a more complete understanding of the
relationship between deliberate practice and perfor-
mance. For example, deliberate practice appears to be as
important a predictor of performance for adults as it is for
children, at least within sports. As another example,
deliberate practice appears to be as important a predictor
of performance in team sports as in individual sports.

Across all moderators, the amount of performance vari-
ance left unexplained was between 59% and 99%. Some of
this unexplained variance presumably reflects measure-
ment error (i.e., the unreliability of the measures), as the
degree to which two variables can correlate is restricted by
their reliabilities. However, measures of both deliberate
practice and performance are typically found to have rea-
sonably high reliability (=.70). For example, Tuffiash, Ror-
ing, and Ericsson (2007) stated that test-retest reliabilities
for self-report practice estimates in sports are typically .80
or above. Consistent with this claim, Giillich and Emrich
(2014) found that test-retest reliability for amount of prac-
tice in field hockey over 3 years was between .80 and 1.00.
Furthermore, across a wide range of reliability assump-
tions, the percentage of variance in performance explained
by deliberate practice is smaller than the percentage of
variance not explained by deliberate practice® (see Table
S1 in the Supplemental Materials available online). For
example, if reliability of both deliberate practice and per-
formance is assumed to be .80, the mean overall correla-
tion between deliberate practice and sports performance
is .53 after correction for unreliability, indicating that delib-
erate practice accounts for 28% of the reliable variance,
leaving 72% explainable by other factors.

Moderator analysis revealed that the effect sizes
reported in unpublished studies were significantly smaller
than those reported in published studies. Unpublished
studies are less likely to be identified through standard
literature searches and from being cited in other articles.
As an illustration, the published articles in our meta-anal-
ysis have been cited over 1,200 times (an average of over
50 citations per article), whereas the unpublished studies
have been cited just 30 times (an average of three cita-
tions per article; source: Google Scholar).

We also conducted three additional meta-analyses. The
first examined practice alone. Practice alone explained
22% of the variance in performance, which was not sig-
nificantly different than for practice with others (18%).
The second additional analysis excluded studies that used
a composite measure that reflected not only deliberate
practice but also competition or playful activities. For the
remaining studies, deliberate practice explained 17% of
the variance in performance, which was not significantly
different from composite measures that included competi-
tion or playful activities (22%). Finally, we investigated the
relationship between skill level and starting age. Although
there is some evidence that an earlier starting age is asso-
ciated with superior accomplishment in some domains
(e.g., chess; see e.g., Howard, 2012), a major finding in
our study was that higher skill athletes did not tend to
begin their sport earlier during childhood than lower skill
athletes. One possible explanation for this null result is
that in sports there is a trade-off between benefits associ-
ated with starting earlier and those associated with start-
ing later. In particular, a child starting earlier may benefit
from additional time to train, whereas a child starting later
may benefit from being physically more mature, which is
advantageous in many sports. Also, when comparing
higher skill and lower skill athletes, differences in starting
ages were not associated with differences in accumulated
amounts of deliberate practice. This finding is inconsistent
with the argument that earlier starting ages in childhood
are associated with higher levels of athletic achievement
later on.

Our earlier meta-analysis (Macnamara et al., 2014) was
the first large-scale meta-analysis of the relationship
between deliberate practice and performance. In the
present meta-analysis, we sought to further examine this
relationship by focusing on a single domain. Across all
factors in our analyses, we found that deliberate practice
accounted for less than half of the variance in perfor-
mance within sports.

What else matters?

The results of this meta-analysis and our previous meta-
analysis (Macnamara et al., 2014) provide compelling
support for the importance of deliberate practice as a
predictor of individual differences in sports performance,
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but they do not support the claim that deliberate practice
largely accounts for performance differences. That is,
deliberate practice did not account for nearly all or even
the majority (>50%) of the variance in sports perfor-
mance. What are some of the factors that might account
for the unexplained variance?

Evidence from two recent behavioral genetic studies
suggests that genetically influenced factors may make an
important contribution. In the first study, using a sample
with over 850 twin pairs, Hambrick and Tucker-Drob
(2014) found evidence for gene—environment correlation
in the form of a genetic effect on music practice. How-
ever, this could not completely explain genetic effect on
music accomplishment. That is, even after statistically
controlling for music practice, there was a sizeable and
statistically significant genetic effect on music accom-
plishment. In the second study, Mosing, Madison, Pedersen,
Kuja-Halkola, and Ullén (2014) had over 10,000 twins
representing an extremely wide range of music skill esti-
mate deliberate practice and perform tests of music apti-
tude. Mosing et al. (2014) found that there were genetic
effects on both music practice and music aptitude. More
important, there was no evidence for a causal influence
of music practice on music aptitude. Identical twins dif-
fering massively in amount of deliberate practice did not
differ significantly in music aptitude. Mosing et al. con-
cluded that although some aspects of music expertise
clearly require deliberate practice to acquire (e.g., score
reading, memorization), at least some basic sensory capac-
ities involved in playing music appear to be unaffected
by practice.

Similar evidence for genetic contributions to perfor-
mance is found in the domain of sports. Behavioral
genetic analyses have revealed sizeable genetic contribu-
tions to factors involved in athletic performance. For
example, in a number of large-scale studies, the genetic
contribution to individual differences in VO,max (i.e.,
maximum oxygen uptake) and in training-related change
in VO,max has been found to be around 50% (Bouchard
et al.,, 1998; for counterarguments see Ericsson, 2007a,
2007b, 2013). Furthermore, measurement of an approxi-
mately 30-gene expression signature predicted gains in
VO,max following endurance training. The RNA expres-
sions for the genes that predicted change in VO,max were
unchanged with training, strongly suggesting that how
much one’s maximum oxygen uptake will improve with
endurance training is preset by genetic variation (Tim-
mons et al., 2010). These differences in response to train-
ing have also been found with resistance training (e.g.,
weight lifting): High responders—those who gained mus-
cle mass easily after engaging in resistance training—had
different microRNA expressions than did the low respond-
ers—those who gained considerably less muscle mass
after engaging in the same resistance training program

(Davidsen et al., 2011). Similarly, in a series of molecular
genetics studies, North, MacArthur, and colleagues (e.g.,
Chan et al., 2008; MacArthur et al., 2008; Yang et al., 2003)
documented correlations between genotype for ACTN3,
which codes the alpha-actinin-3 protein in fast-twitch
muscles and performance in “power” sports such as
sprinting. Other genetically influenced factors that may
contribute substantially to individual differences in ath-
letic performance include ease of gaining muscle mass or
ability to maintain leanness (Seeman et al., 1996), white
matter integrity (Tomassini et al., 2011), and grey matter
density of cerebellar and cortical regions involved in
motor control (Tomassini et al., 2011), to name just a few.

In addition to deliberate practice, other forms of
experience may contribute to individual differences in
performance, including competition experience (Baker
et al., 2003) and play activities (for reviews see COt€,
1999; Coté, Baker, & Abernethy, 2007; see also Ford &
Williams, 2012; Harris, 2008; Haugaasen, Toering, &
Jordet, 2014; though see Hendry, 2012). Somewhat coun-
terintuitively, there is also evidence to suggest that play-
ing multiple sports before specializing in a single sport
might positively predict future performance in that sport by
improving core motor skills and coordination (Fransen
et al., 2012). Later specialization may also reduce the
incidence of overuse injuries and psychological burnout,
potentially increasing one’s ability to attain and maintain
expert levels of performance (Baker, 2003; Baker, Bag-
ats, Biisch, Strauss, & Schorer, 2012; Berry et al., 2008;
Giillich, 2014; Soberlak & Coté, 2003; though see Ford,
Ward, Hodges, & Williams, 2009; Ford & Williams, 2012;
Hendry, 2012).

Finally, there are a number of psychological traits that
could account for performance differences above and
beyond deliberate practice, including confidence (see
Craft, Magyar, Becker, & Feltz, 2003, for review), propen-
sity to experience performance anxiety (Chen, Gully,
Whiteman, & Kilcullen, 2000), aversion to negative out-
comes (Carver & White, 1994), sensitivity to reward
(Carver & White, 1994), and cognitive ability factors such
as general intelligence (Ackerman, 1987; Gagné, 2013;
Schmidt, 2014; Simonton, 2014), working memory capac-
ity (Meinz & Hambrick, 2010), the ability to control atten-
tion (Engle, 2002), perceptual speed (Ackerman &
Cianciolo, 2000), and psychomotor speed (Ackerman &
Cianciolo, 2000).

Future directions

Meta-analyses can be used not only to examine the
strength of the relationship between two variables and to
identify variables that moderate this relationship but also
to empirically evaluate theories (for a review, see Chan &
Arvey, 2012). The present meta-analysis is limited by
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what studies have been conducted to date. For example,
not every sport is represented in the meta-analysis. How-
ever, assuming appropriate inclusion criteria and system-
atic procedures are used, meta-analyses should provide
the most accurate information about the strength of the
investigated effect and about the accuracy of the theory
in question. Moreover, meta-analytic results are more
generalizable than the results of any one study and
thereby contribute to scientific progress in an area.

There are several promising research directions for
advancing understanding of expertise. One is to conduct
additional studies in areas where research is lacking. This
could include studies of deliberate practice in areas (both
sports and non-sports) that have not yet been investi-
gated (e.g., the arts.) The results of these studies could
then be entered into a meta-analysis to see whether the
results change from the present meta-analysis (data avail-
able at osf.io/r5qjw). Another direction is to examine the
generalizability of the results of the present meta-analysis
to other domains, by, for example, testing whether delib-
erate practice loses its predictive power among elite per-
formers in games, music, art, academics, and professions,
as it appears to in sports. Still another direction is to
develop finer grained measures of practice and test
whether these measures correlate differentially with per-
formance in different types of sports (e.g., open- vs.
closed-skill sports) and further investigate the reliabilities
of measures of both deliberate practice and performance,
because measurement error may attenuate correlations
between these measures to a considerable extent.

Finally, we believe that a critical goal for future
research is to investigate the relative contributions of
multiple factors to individual differences in expertise.
Other than deliberate practice, knowledge of factors that
contribute to individual differences in expertise is lim-
ited, but fortunately there do already exist theoretical
frameworks that can guide this research. For example,
Gagné’s (2013) differentiated model of giftedness and tal-
ent (DMGT) posits that individual differences in “compe-
tencies” in various domains (technical, arts, science, etc.)
arise from multiple variables that develop over time: nat-
ural abilities, such as general intelligence and sensory
abilities; environmental factors, such as the cultural
milieu and family influences; and intrapersonal factors,
such as physical health and personality. Simonton (2014)
proposed a somewhat similar model to direct research on
individual differences in creative performance that posits
that both environmental and genetic factors impact cre-
ative performance. These multifactor frameworks must
be empirically tested (e.g., through structural equation
modeling) in order to investigate the relative contribu-
tions of these factors and their interactions on skill acqui-
sition and expertise.

Conclusion

To summarize, we found that accumulated amount of
deliberate practice is an important predictor of individual
differences in sports performance. However, substantially
more of the variance in performance was not explained
by deliberate practice than was explained by it. We also
found that there was no difference in starting age between
higher skill and lesser skill athletes.

These findings are important from both a practical
perspective and a theoretical perspective. From a practi-
cal perspective, knowledge about the contribution of
deliberate practice to performance may help people
make better informed decisions. For example, athletes,
parents, recruiters, and coaches can use this knowledge
to weigh the importance of deliberate practice and the
associated time and financial investment against the ath-
lete’s enjoyment of the sport; the athlete’s desire to
engage in other forms of domain-relevant experience
(e.g., unstructured play with friends, playing other
sports); and how well the athlete’s physical, cognitive,
and psychological characteristics lend themselves to
acquiring skill in a given sport.

From a theoretical perspective, our results underscore
the importance of thinking broadly about factors that
may contribute to individual differences in expertise. The
goal now should be to develop theories of expertise that
take into account as many potentially relevant factors as
possible. To make this a reality, scientists must draw not
only from research on skill acquisition and expertise but
also from research on cognitive ability, personality, learn-
ing, behavioral genetics, and research within the perfor-
mance domain (e.g., sports science). This effort will shed
new light on the origins of expertise.
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Notes

1. In our previous meta-analysis (Macnamara et al., 2014), we
excluded an effect size (correlation) that did not fall within the
valid range [-1.0 to 1.0] (» = 1.15; Law, Coté, & Ericsson, 2007).
In the present meta-analysis, we exclude this effect size on the
same basis. Note that if we include this effect size, the overall cor-
relation between deliberate practice and performance changes
negligibly: 7 = 43 (p < .001, 7% = .18) to 7 = .44 (p < .001,
7?2 = .19). For elite athletes, if we include this effect size, this
correlation increases from 7 = .11 (p = .46, 72 = .01 to 7 = .28
(p = .13, ¥* = .08), but is still nonsignificant. See Supplemental
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Materials available online for complete results with this effect
size included.

2. We reversed the sign of the correlation when appropriate
before analyzing the data. For instance, negative correlations
between deliberate practice and race times indicate that more
deliberate practice is associated with faster race times.

3. There was one outlier (an effect size whose residual had a
z score >3); in this case, athletes in the higher skill group had
begun their sport an average of 5 years earlier than the lower skill
group (Ward, Hodges, Starkes, & Williams, 2007: U13 athletes).
We Winsorized the value to a z score equaling 2.99 (—4.19 years).
4. Within the sports science literature, starting age typically
refers to the age at which athletes first begin engaging in the
sport (e.g., Baker et al., 2005). For three studies, effect size
for starting age of serious practice/training was also available.
When we use these effect sizes in place of starting age, the
pattern of results does not change. The meta-analytic average
mean difference was a nonsignificant .35 years (18.2 weeks),
95% CI [-.14, .83], p = .16, indicating that the higher skill ath-
letes began slightly later than the lower skill athletes.

5. The standard formula for correcting a correlation between
two variables, x and y, for measurement unreliability is # = Ty /
(r 1y, )V2, where 1, and 7, are reliability coefficients for x and

XYy

y, respectively (Schmidt & Hunter, 1999).

References

*Study was included in the meta-analysis.

Ackerman, P. L. (1987). Individual differences in skill learn-
ing: An integration of psychometric and information pro-
cessing perspectives. Psychological Bulletin, 102, 3-27.
doi:10.1037/0033-2909.102.1.3

Ackerman, P. L., & Cianciolo, A. T. (2000). Cognitive, percep-
tual-speed, and psychomotor determinants of individual
differences during skill acquisition. Journal of Experimental
Psychology: Applied, 6, 259-290. doi:10.1037//1076-898X
.6.4.259

Ackerman, P. L., Kanfer, R., & Goff, M. (1995). Cognitive and
noncognitive determinants and consequences of com-
plex skill acquisition. Journal of Experimental Psychology:
Applied, 1, 270-304. doi:10.1037/1076-898X.1.4.270

Baker, J. (2003). Early specialization in youth sport: A require-
ment for adult expertise? High Ability Studies, 14, 85-94.

*Baker, J., Bagats, S., Busch, D., Strauss, B., & Schorer, J. (2012).
Training differences and selection in a talent identification
system. Talent Development & Excellence, 4, 23-32.

*Baker, J., COté, J., & Abernethy, B. (2003). Sport specific training,
deliberate practice and the development of expertise in team
ball sports. Journal of Applied Sport Psychology, 15, 12-25.

*Baker, J., Coté, J., & Deakin, J. (2005). Expertise in ultra-endur-
ance triathletes early sport involvement, training structure,
and the theory of deliberate practice. Journal of Applied Sport
Psychology, 17, 64-78. doi:10.1080/10413200590907577

Becker, G. (1986). Correcting the point-biserial correlation for
attenuation owing to unequal sample size. The Journal of
Experimental Education, 55, 5-8.

Begg, C. B., & Berlin, J. A. (1988). Publication bias: A problem
in interpreting medical data. Journal of the Royal Statistical
Society: Series A (Statistics in Society), 151, 419-463.

*Berry, J., Abernethy, B., & Co6té, J. (2008). The contribution of
structured activity and deliberate play to the development
of expert perceptual and decision-making skill. Journal of
Sport & Exercise Psychology, 30, 685-708. (PMID: 19164836)

Boot, W. R., & Ericsson, K. A. (2013). Expertise. In J. D. Lee
& A. Kirlik (Eds.), The Oxford handbook of cognitive engi-
neering (pp. 143-158). Oxford, England: Oxford University
Press. doi:10.1093/0xfordhb/9780199757183.013.0009

Bouchard, C., Daw, E. W., Rice, T., Pérusse, L., Gagnon, J.,
Province, M. A., & Wilmore, J. H. (1998). Familial resem-
blance for VO2max in the sedentary state: The HERITAGE
family study. Medicine & Science in Sports & Exercise, 30,
252-258. doi:10.1097/00005768-199802000-00013

*Bruce, L., Farrow, D., & Raynor, A. (2013). Performance mile-
stones in the development of expertise: Are they critical?
Journal of Applied Sport Psychology, 25, 281-297. doi:10.10
80/10413200.2012.725704

The Campbell Collaboration. (2012). Moderator analysis:
Categorical moderators and meta-regression [PowerPoint
slides].  Retrieved from  http://webcache.googleuser-
content.com/search?q=cache:6TNepSull1C8]:www
.sfi.dk/Files/Filer/Campbell/CCC2012/Presentations/
ModeratorAnalysesC2May2012.ppt+&;cd=3&hl=en&ct=clnk
&gl=us

Carver, C. S., & White, T. L. (1994). Behavioral inhibition,
behavioral activation, and affective responses to impend-
ing reward and punishment: The BIS/BAS scales. Journal of
Personality and Social Psychology, 67, 319-333.

*Cathey, R. M. (2010). Retrospective practice bistories of expert and
novice baseball pitchers (Doctoral dissertation). University
of South Carolina, Columbia. Available from ProQuest
Dissertations and Theses database. (UMI No. 3413286)

Chan, M. E., & Arvey, R. D. (2012). Meta-analysis and the
development of knowledge. Perspectives on Psychological
Science, 7, 79-92. doi:10.1177/1745691611429355

Chan, S, Seto, J. T., MacArthur, D. G., Yang, N., North, K. N., &
Head, S. 1. (2008). A gene for speed: Contractile properties
of isolated whole EDL muscle from an a-actinin-3 knock-
out mouse. American Journal of Physiology-Cell Physiology,
295, C897-C904. doi:10.1152/ajpcell.00179.2008

Charness, N., Tuffiash, M., Krampe, R., Reingold, E., &
Vasyukova, E. (2005). The role of deliberate practice in
chess expertise. Applied Cognitive Psychology, 19, 151-165.
doi:10.1002/acp.1106

Chen, G., Gully, S. M., Whiteman, J.-A., & Kilcullen, R. R. (2000).
Examination of relationships among trait-like individual
differences, state-like individual differences, and learning
performance. journal of Applied Psychology, 85, 835-847.
doi:10.1037//0021-9010.85.6.835

Coté, J. (1999). The influence of the family in the development
of talent in sport. The Sport Psychologist, 13, 395-417.

Coté, J., Baker, J., & Abernethy, B. (2007). Practice and play
in the development of sport expertise. In G. Tenenbaum
& R. C. Ecklund (Eds.), Handbook of sport psychology (pp.
184-202). Hoboken, NJ: John Wiley.

Craft, L. L., Magyar, T. M., Becker, B. J., & Feltz, D. L. (2003).
The relationship between the Competitive State Anxiety
Inventory-2 and sport performance: A meta-analysis.
Journal of Sport & Exercise Psychology, 25, 44-65.

Downloaded from pps.sagepub.com by guest on June 2, 2016


http://webcache.googleusercontent.com/search?q=cache:6TNepSuI1C8J:www.sfi.dk/Files/Filer/Campbell/CCC2012/Presentations/ModeratorAnalysesC2May2012.ppt+&;cd=3&hl=en&ct=clnk&gl=us
http://webcache.googleusercontent.com/search?q=cache:6TNepSuI1C8J:www.sfi.dk/Files/Filer/Campbell/CCC2012/Presentations/ModeratorAnalysesC2May2012.ppt+&;cd=3&hl=en&ct=clnk&gl=us
http://webcache.googleusercontent.com/search?q=cache:6TNepSuI1C8J:www.sfi.dk/Files/Filer/Campbell/CCC2012/Presentations/ModeratorAnalysesC2May2012.ppt+&;cd=3&hl=en&ct=clnk&gl=us
http://webcache.googleusercontent.com/search?q=cache:6TNepSuI1C8J:www.sfi.dk/Files/Filer/Campbell/CCC2012/Presentations/ModeratorAnalysesC2May2012.ppt+&;cd=3&hl=en&ct=clnk&gl=us
http://webcache.googleusercontent.com/search?q=cache:6TNepSuI1C8J:www.sfi.dk/Files/Filer/Campbell/CCC2012/Presentations/ModeratorAnalysesC2May2012.ppt+&;cd=3&hl=en&ct=clnk&gl=us
http://pps.sagepub.com/

348

Macnamara et al.

*Da Matta, G. B. (2004). The influence of deliberate practice
and social support systems on the development of expert and
intermediate women volleyball players in Brazil (Doctoral
dissertation). University of South Carolina, Columbia, South
Carolina. Available from ProQuest Dissertations and Theses
database. (UMI No. 3142809)

Davidsen, P. K., Gallagher, I. J., Hartman, J. W., Tarnopolsky,
M. A, Dela, F., Helge, J. W., & Phillips, S. M. (201D).
High responders to resistance exercise training demon-
strate differential regulation of skeletal muscle microRNA
expression. Journal of Applied Physiology, 110, 309-317.
doi:10.1152/japplphysiol.00901.2010

*Diogo, F., & Gongalves, C. E. (2014). The path to expertise in
youth sport: Using a retrospective interview in three differ-
ent competitive contexts. Perceptual & Motor Skills: Exercise
& Sport, 118, 317-330. doi:10.2466/30.10.PMS.118k18w2

*Duffy, L. J., Baluch, B., & Ericsson, K. A. (2004). Dart perfor-
mance as a function of facets of practice amongst profes-
sional and amateur men and women players. International
Journal of Sport Psychology, 35, 232-245.

Duval, S. J., & Tweedie, R. L. (2000a). A nonparametric “trim
and fill” method of accounting for publication bias in meta-
analysis. Journal of the American Statistical Association,
95, 89-98. doi:10.1080/01621459.2000.10473905

Duval, S. J., & Tweedie, R. L. (2000b). Trim and fill: A sim-
ple funnel-plot-based method of testing and adjusting for
publication bias in meta-analysis. Biometrics, 56, 455-463.
doi:10.1111/j.0006-341X.2000.00455.x

*Elferink-Gemser, M. T., Starkes, J. L., Medic, N., Lemmink, K.
A. P. M., & Visscher, C. (2011). What discriminates elite and
sub-elite youth field hockey players. Annals of Research in
Sport and Physical Activity, 1, 49-68.

Engle, R. W. (2002). Working memory capacity as executive
attention. Current Directions in Psychological Science, 11,
19-23. d0i:10.1111/1467-8721.00160

Ericsson, K. A. (2007a). Deliberate practice and the modifi-
ability of body and mind: A reply to the commentaries.
International Journal of Sport Psychology, 38, 109-123.

Ericsson, K. A. (2007b). Deliberate practice and the modifiabil-
ity of body and mind: Toward a science of the structure and
acquisition of expert and elite performance. International
Journal of Sport Psychology, 38, 4-34.

Ericsson, K. A. (2013). Training history, deliberate practice and
elite sports performance: An analysis in response to Tucker
and Collins Review—“What makes champions?” British
Journal of Sports Medicine, 47, 533-535. doi:10.1136/bjs-
ports-2012-091767

Ericsson, K. A., Krampe, R. T., & Tesch-Romer, C. (1993).
The role of deliberate practice in the acquisition of
expert performance. Psychological Review, 100, 363-400.
doi:10.1037/0033-295X.100.3.363

Ericsson, K. A., & Smith, J. (1991). Prospects and limits in the
empirical study of expertise: An introduction. In K. A.
Ericsson & J. Smith (Eds.), Toward a general theory of exper-
tise: Prospects and limits (pp. 1-38). Cambridge, England:
Cambridge University Press.

Ford, P. R., Ward, P., Hodges, N. J., & Williams, A. M. (2009).
The role of deliberate practice and play in career progres-
sion in sport: The early engagement hypothesis. High
Ability Studies, 20, 65-75. doi:10.1080/13598130902860721

*Ford, P. R, & Williams, A. M. (2012). The developmental
activities engaged in by elite youth soccer players who
progressed to professional status compared to those who
did not. Psychology of Sport and Exercise, 13, 349-352.
doi:10.1016/j.psychsport.2011.09.004

Fransen, J., Pion, J., Vandendriessche, J., Vandorpe, B., Vaeyens,
R., Lenoir, M., & Philippaerts, R. M. (2012). Differences in
physical fitness and gross motor coordination in boys aged
6-12 years specializing in one versus sampling more than
one sport. Journal of Sports Sciences, 30, 379-386. doi:10.1
080/02640414.2011.642808

Gagné, F. (2013). The DMGT: Changes within, beneath, and
beyond. Talent Development & Excellence, 5, 5-19.

Galligan, F., Maskery, C., Spence, J., Howe, D., Barry, T.,
Ruston, A., & Crawford, D. (2000). Advanced PE for Edexcel
(1st ed.). Bath, England: Bath Press.

Galton, F. (1869). Hereditary genius.
Macmillan.

Gobet, F., & Campitelli, G. (2007). The role of domain-
specific practice, handedness, and starting age in chess.
Developmental Psychology, 43, 159-172. doi:10.1037/0012-
1649.43.1.159

*Gullich, A. (2014). Many roads lead to Rome—Developmental
paths to Olympic gold in men’s field hockey. European
Journal of Sport Science. Advance online publication. doi:1
0.1080/17461391.2014.905983

Gillich, A., & Emrich, E. (2014). Considering long-term sustain-
ability in the development of world class success. European
Journal of Sport Science, 14(S1), S383-S397. doi:10.1080/17
461391.2012.706320

Hambrick, D. Z., Oswald, F. L., Altmann, E. M., Meinz, E. J.,
Gobet, F., & Campitelli, G. (2014). Deliberate practice: Is
that all it takes to become an expert? Intelligence, 45, 34—
45. doi:10.1016/j.intell.2013.04.001

Hambrick, D. Z., & Tucker-Drob, E. (2014). The genetics of
music accomplishment: Evidence for gene—environment
correlation and interaction. Psychonomic Bulletin & Review,
22, 112-120. doi:10.3758/513423-014-0671-9

*Harris, K. R. (2008). Deliberate practice, mental representa-
tions, and skilled performance in bowling (Doctoral dis-
sertation). Florida State University. Electronic Theses,
Treatises and Dissertations, Diginole Commons. (Paper
No. 4245)

*Haugaasen, M., Toering, T., & Jordet, G. (2014). From child-
hood to senior professional football: A multi-level approach
to elite youth football players’ engagement in football-
specific activities. Psychology of Sport and Exercise, 15,
330-344. doi:10.1016/j.psychsport.2014.02.007

*Helsen, W. F., Starkes, J. L., & Hodges, N. J. (1998). Team
sports and the theory of deliberate practice. Journal of Sport
& Exercise Psychology, 20, 12-24.

*Hendry, D. T. (2012). The role of developmental activities on
self-determined wmotivation, passion and skill in youth
soccer players (Master’s thesis). The University of British
Columbia. Retrieved from http://hdl.handle.net/2429/43553

*Hodges, N. J., Augaitis, L., & Crocker, P. R. E. (2014). Sport
commitment and deliberate practice among male and
female triathletes. Unpublished manuscript.

*Hodges, N. J., Kerr, T., Starkes, J. L., Weir, P. L., & Nananidou,
A. (2004). Predicting performance times from deliberate

London, England:

Downloaded from pps.sagepub.com by guest on June 2, 2016


http://hdl.handle.net/2429/43553
http://pps.sagepub.com/

Deliberate Practice and Sports Performance

349

practice hours for triathletes and swimmers: What, when,
and where is practice important? Journal of Experimental
Psychology:  Applied, 10, 219-237. doi:10.1037/1076-
898X.10.4.219

*Hodges, N. J., & Starkes, J. L. (1996). Wrestling with the nature
of expertise: A sport-specific test of Ericsson, Krampe,
and Tesh-Romer’s (1993) theory of deliberate practice.
International Journal of Sport Psychology, 27, 400-424.

Howard, R. W. (2012). Longitudinal effects of different types
of practice on the development of chess expertise. Applied
Cognitive Psychology, 26, 359-309. doi:10.1002/acp.1834

Hunter, J. E., & Schmidt, F. L. (1990). Dichotomization of contin-
uous variables: The implications for meta-analysis. Journal
of Applied Psychology, 75, 334-339. doi:10.1037/0021-
9010.75.3.334

*Hutchinson, C. U., Sachs-Ericsson, N. J., & Ericsson, K. A.
(2013). Generalizable aspects of the development of exper-
tise in ballet across countries and cultures: A perspec-
tive from the expert-performance approach. High Ability
Studies, 24, 21-47. doi:10.1080/13598139.2013.780966

*Johnson, M. B., Tenenbaum, G., & Edmonds, W. A. (20006).
Adaptation to physically and emotionally demanding con-
ditions: The role of deliberate practice. High Ability Studies,
17, 117-136. doi:10.1080/13598130600947184

Keith, N., & Ericsson, K. A. (2007). A deliberate prac-
tice account of typing proficiency in everyday typists.
Journal of Experimental Psychology: Applied, 13, 135-145.
doi:10.1037/1076-898X.13.3.135

Knapp, B. (1967). Skill in sport: The attainment of proficiency.
London, England: Routledge & Kegan Paul.

*Law, M. P., Coté, J., & Ericsson, K. A. (2007). Characteristics
of expert development in rhythmic gymnastics: A retro-
spective study. International Journal of Sport and Exercise
Psychology, 5, 82-103. doi:10.1080/1612197X.2008.9671814

Light, R. J., & Pillemer, D. B. (1984). Summing up: The science of
reviewing research. Cambridge, MA: Harvard University Press.

MacArthur, D. G, Seto, J. T., Chan, S., Quinlan, K. G., Raftery,
J. M., Turner, N., & North, K. N. (2008). An Actn3 knock-
out mouse provides mechanistic insights into the associa-
tion between a-actinin-3 deficiency and human athletic
performance. Human Molecular Genetics, 17, 1076-1086.
doi:10.1093/hmg/ddm380

Macnamara, B. N., Hambrick, D. Z., & Oswald, F. L. (2014).
Deliberate practice and performance in music, games, sports,
education, and professions: A meta-analysis. Psychological
Science, 25, 1608-1618. doi:10.1177/0956797614535810

*Maynard, D., Hambrick, D. Z., & Meinz, E. J. (2016). Practice
vs. play as predictors of individual differences in bowling
skill. Unpublished manuscript.

Meinz, E. J., & Hambrick, D. Z. (2010). Deliberate practice is
necessary but not sufficient to explain individual differ-
ences in piano sight-reading skill: The role of working
memory capacity. Psychological Science, 21, 914-919.
doi:10.1177/0956797610373933

*Memmert, D., Baker, J., & Bertsch, C. (2010). Play and practice
in the development of sport-specific creativity in team ball
sports. High Ability Studies, 21, 3-18. doi:10.1080/1359813
9.2010.488083

*Moesch, K., Elbe, A.-M., Hauge, M.-L. T., & Wikman, J. M.
(2011). Late specialization: The key to success in centime-
ters, grams, or seconds (cgs) sports. Scandinavian Journal
of Medicine & Science in Sports, 21, €282-e290. doi:10.1111/
j.1600-0838.2010.01280.x

Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G., & The
PRISMA Group. (2009). Preferred reporting items for sys-
tematic reviews and meta-analyses: The PRISMA state-
ment. PLoS Med, 6, Article e1000097. doi:10.1371/journal
.pmed.1000097.

Mosing, M. A., Madison, G., Pedersen, N. L., Kuja-Halkola, R., &
Ullén, F. (2014). Practice does not make perfect: No causal
effect of music practice on music ability. Psychological
Science, 25, 1795-1803. doi:10.1177/0956797614541990

Rothstein, H. R., Sutton, A. J., & Borenstein, M. (2005).
Publication bias in meta-analysis. In H. R. Rothstein, A. J.
Sutton, & M. Borenstein (Eds.), Publication bias in meta-
analysis: Prevention, assessments, and adjustments (pp.
1-7). West Sussex, England: John Wiley.

*San, A. T. L., & Li, J. L. F. (2014). Developmental practice activ-
ities of elite youth swimmers. Movement, Health & Exercise,
3, 27-37.

Schmidt, F. L. (2014). A general theoretical integrative model of
individual differences in interests, abilities, personality traits,
and academic and occupational achievement: A commen-
tary on four recent articles. Perspectives on Psychological
Science, 9, 211-218. doi:10.1177/1745691613518074

Schmidt, F. L., & Hunter, J. E. (1999). Theory testing and mea-
surement error. Intelligence, 27, 183-198. doi:10.1016/
$0160-2896(99)00024-0

Schneider, W., & Fisk, A. D. (1982). Degree of consistent train-
ing: Improvements in search performance and automatic
process development. Perception & Psychophbysics, 31, 160—
168. doi:10.3758/BF03206216

*Schultetus, S., & Charness, N. (1997). Fencing data. Unpublished
data. Cited in Deakin, J. M., & Cobley, S. (2003). A search for
deliberate practice: Expert performance in sports: Advances
in research on sport expertise. In J. L. Starkes & K. A.
Ericsson (Eds.), Expert performance in sports: Advances in
research on sport expertise (pp. 115-136). Champaign, IL:
Human Kinetics.

Seeman, E., Hopper, J. L., Young, N. R., Formica, C., Goss,
P., & Tsalamandris, C. (1996). Do genetic factors explain
associations between muscle strength, lean mass, and bone
density? A twin study. American Journal of Physiology,
270(Endocrinology Metabolism 33), E320-E327.

Simonton, D. K. (2014). Creative performance, expertise acqui-
sition, individual differences, and developmental ante-
cedents: An integrative research agenda. Intelligence, 45,
66-73. doi:10.1016/j.intell.2013.04.007

*Smith, A. (2012). Retrospective practice histories of Division I
and Division II female basketball players in the Carolinas
(Unpublished dissertation). University of South Carolina,
Columbia, South Carolina. Available from ProQuest
Dissertations and Theses database. (UMI No. 3509548)

Soberlak, P., & Coté, J. (2003). The developmental activi-
ties of elite ice hockey players. Journal of Applied Sport
Psychology, 15, 41-49. doi:10.1080/10413200305401

Downloaded from pps.sagepub.com by guest on June 2, 2016


http://pps.sagepub.com/

350

Macnamara et al.

Sterne, J. A. C., & Egger, M. (2001). Funnel plots for detecting
bias in meta-analysis: Guidelines on choice of axis. Journal
of Cliniical Epidemiology, 54, 1046-1055.

Thorndike, E. L. (1912). Education: A first book. New York, NY:
Macmillan.

Timmons, J. A., Knudsen, S., Rankinen, T., Koch, L. G,
Sarzynski, M., Jensen, T., & Bouchard, C. (2010). Using
molecular classification to predict gains in maximal aerobic
capacity following endurance exercise training in humans.
Journal of Applied Physiology, 108, 1487-1496. doi:10.1152/
japplphysiol.01295.2009

Tomassini, V., Jbabdi, S., Kincses, Z. T., Bosnell, R., Douaud,
G., Pozzilli, C., . . . Johansen-Berg, H. (2011). Structural and
functional bases for individual differences in motor learning.
Human Brain Mapping, 32, 494-508. doi:10.1002/hbm.21037

Tuffiash, M., Roring, R. W., & Ericsson, K. A. (2007). Expert
performance in SCRABBLE: Implications for the study of
the structure and acquisition of complex skills. Journal
of Experimental Psychology: Applied, 13, 124-134.
doi:10.1037/1076-898X.13.3.124

*Urena, C. A. (2004). Skill acquisition in ballet dancers: The rela-
tionship between deliberate practice and expertise (Doctoral
dissertation). The Florida State University, Tallahassee.
Electronic Theses, Treatises and Dissertations. Diginole
Commons. (Paper No. 1452)

*Ward, P., Hodges, N. J., Starkes, J. L., & Williams, M. A.
(2007). The road to excellence: Deliberate practice and the
development of expertise. High Ability Studies, 18, 119-
153. doi:10.1080/13598130701709715

Watson, J. B. (1930). Bebhaviorism. Chicago, IL: The University
of Chicago Press.

*Weissensteiner, J., Abernathy, B., Farrow, D., & Miller, S. (2008).
The development of anticipation: A cross-sectional examina-
tion of the practice experiences contributing to skill in cricket
batting. Journal of Sport & Exercise Psychology, 30, 663—684.

Wiersma, L. D. (2000). Risks and benefits of youth sport spe-
cialization: Perspectives and recommendations. Pediatric
Exercise Science, 12, 13-22.

Yang, N., MacArthur, D. G., Gulbin, J. P., Hahn, A. G., Beggs,
A. H., Easteal, S., & North, K. (2003). ACTN3 genotype is asso-
ciated with human elite athletic performance. The American
Journal of Human Genetics, 73, 627-631. doi:10.1086/377590

*Young, B. W. (1998). Deliberate practice and the acquisition of
expert performance in Canadian middle-distance running
(Master’s thesis). Masters Abstracts International. University
of Ottawa. (URI No. 10393/8607)

*Young, B. W., Medic, N., Weir, P. L., & Starkes, J. L. (2008). Explain-
ing performance in elite middle-aged runners: Contributions
from age and from ongoing and past training factors. Journal
of Sport & Exercise Psychology, 30, 737-754.

Downloaded from pps.sagepub.com by guest on June 2, 2016


http://pps.sagepub.com/

