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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

Downloaded from pps.sagepub.com by Brooke Macnamara on May 27, 2016


http://pps.sagepub.com/content/by/supplemental-data
http://pps.sagepub.com/content/by/supplemental-data
http://pps.sagepub.com/

Deliberate Practice and Sports Performance

347

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).
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