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In 2014, Macnamara, Hambrick, and Oswald published a meta-analysis of studies questioning
the strength of the association between deliberate practice and performance1. In this brief report,
the correlation reported by Macnamara et al. (2014) is placed in the context of other well-known
associations. Additionally, a re-analysis of the studies included in Macnamara et al. (2014) was
conducted. Taken together, the evidence suggests that deliberate practice is a potent and reliable
method for improving performance.
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To Be or Not to Be (an Expert)?
Revisiting the Role of Deliberate Practice in
Improving Domain-Specific Performance
***
“My Lord, we know what we are now, but not what we may become.”
Ophelia, Hamlet, Act 4, Scene 5
***
Improving performance of any individual in any field—whether sports, music, chess,
surgery, law, or psychotherapy—is a desirable goal, for the individual as well as for society.
Psychology, no stranger to debates about nature versus nurture, has long discussed this topic,
going back to Galton (1869) on the side of nature and Watson (1930) on the side of nurture (as
discussed by Ullén, Hambrick, & Mosing, 2016). Recently, the debate over whether experts are
born or made has been renewed, with a focus on the role of deliberate practice (DP). The term
DP was first introduced by K. Anders Ericsson and colleagues, who defined it as:
…Individualized training activities especially designed by a coach or teacher to improve
specific aspects of an individual’s performance through repetition and successive
refinement. To receive maximal benefit from feedback, individuals have to monitor their
training with full concentration, which is effortful and limits the duration of daily training.
(Ericsson & Lehmann, 1996, pp. 278-279)
Shortly after the turn of the century, the concept of DP entered the popular culture. In his
bestselling book Outliers the well-known writer Malcom Gladwell (2008) claimed “the magic
number for true expertise [is] ten thousand hours” (p. 40). Other authors soon followed (c.f.,
Colvin, 2008; Syed, 2010), taking the argument a step further, boldly asserting, “Greatness isn’t
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born. It’s grown” (Coyle, 2009). It was a hopeful message, one that captured the public’s
imagination. Anyone, it seemed, could accomplish anything if they would just practice long
enough. In the words of David Shenk (2010), author of The Genius in All of Us: Why Everything
You’ve been told about Genetics, Talent, and IQ is Wrong, “Few of us know our true limits [and]
the vast majority of us have not even come close to tapping…our ‘unactualized potential’” (p. 9).
As appealing as these promises associated with DP were, both its role and the extent of
its contribution to achieving expertise have been questioned (Anderson, 2016; Gardner, 1995;
Marcus, 2012; Sternberg, 1996). In 2014, Macnamara et al. published a meta-analysis of studies
examining the association between practice time and performance. After finding an overall
aggregate correlation of .35 between DP and performance, the researchers concluded, “…
deliberate practice is important, but not as important as has been argued” (p. 1). 2
The competing explanation offered for individual differences in performance emphasizes
the role of genetic factors, primarily intelligence (IQ) and genotypic physical characteristics
(especially for sports and certain musical performance), as well as personality traits such as grit,
and motivation (Ullén et al., 2016). The model that incorporates these factors, termed the
Multifactorial Gene-Interaction Model (MGIM), focuses on “the potential importance of more
complex interplay between genes and environment.” The MGIM is thought to be necessary
because “deliberate practice theory is unable to account for major recent findings relating to
expertise and expert performance” (p. 427).
Of note, the Macnamara et al. (2014) meta-analysis, which questioned the strength of the
association between DP and performance, generated nearly the same degree of public interest as

2

The correlation of .35 originally reported in Macnamara et al. (2014) was subsequently corrected to .38
(Macnamara, Hambrick, and Oswald, 2018).
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the prior work that emphasized DP. “New Study Destroys . . . [the] 10,000-hour Rule,” Business
Insider declared (Baer, 2014). Others agreed. “Scientists debunk the myth” that practice makes
one an expert (Ferro, 2014). In Slate magazine, the banner for an article by Hambrick, Ferreira,
and Henderson (2014) even claimed the whole idea of DP “perpetuates a cruel myth” as it
promotes the false belief, “people can help themselves to the same degree if they just try hard
enough.”
At this time, the question of whether DP is the sole or primary contributor to the
development of expertise is a matter of continuing debate (c.f., Ullén et al. 2016, Ericsson,
2014). No doubt, environmental factors and genetic predispositions are important (Miller and
Hubble, 2011). Notwithstanding, of the many factors discussed in the expertise literature, DP
represents one strategy performers can design and implement. In the end, the question that
matters most is what any one person can do with what they are given (e.g., genetic makeup, time,
money, access to teachers, etc.), to better their performance. As will be shown, regardless of
recent depictions in popular media, DP is a key contributor to improvement in performance.
Correlations in Context
In their meta-analysis of 88 studies on practice and performance, McNamara et al. (2014)
originally reported an aggregate correlation between practice and performance of .35, a figure
later corrected to .38 (95% CI: .33; .42 [Macnamara, Hambrick, & Oswald, 2018]) – the revised
value indicating that 14 percent of the variability in performance was explained by the amount of
practice, leaving the remaining 86% percent unaccounted for by the variable. At first blush, such
results might tempt one to discount the role of DP. And indeed, McNamara et al. (2014), and
later, Ullén et al. (2016) did just that. Based on their interpretation that Ericsson and colleagues
(1993) claim DP is the only (or predominant) factor leading to expertise, Ullén et al. criticized
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DP for not accounting for “all, nearly all, or even most of the variance in expert performance,
and often . . . only a surprisingly small proportion of the total variance” (p. 435).
Rather than debating whether Ericsson did or did not predict a correlation of a given size,
or whether a correlation of .38 refutes DP theory, putting the correlation in the context of other
well-known associations can be instructive. Consider several examples. First, few doubt
whether obesity, excessive drinking, or smoking are unhealthy behaviors. Second, people with
cardiac and metabolic diseases, as a rule, believe that adhering to their physicians’
recommendations to take certain medications extends life. Third, people who are more
intelligent are thought to be more successful and earn more than others. And finally, major
league baseball players with the best batting averages are paid more than average players.
What are the actual correlations for these common, and presumably evidence-based
beliefs? The correlations, as well as the proportions of variability in the criterion accounted for
by each predictor, are presented in Table 1. Note however in this table a correlation of general
mental abilities and job performance of around .50 (Schmidt & Hunter 2004), suggesting that
abilities do have a role to play in performance.
Table 1
Correlation coefficients, and percent of variance accounted and unaccounted for between
various predictor and criterion variables

Predictor Variable

Criterion Variable

Correlation Coefficient

Percent of

Percent of Variance

Variance

Unaccounted for by

Accounted for by

Predictor

Predictor
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Obesity1

Mortality

.08

<1%

>99%

Excessive Drinking1

Mortality

.13

1.5%

98.5%

Smoking1

Mortality

.21

4%

96%

Intelligence2

Income

.21

4%

96%

Adherence to Effective

Mortality

.23

5%

95%

Performance

.38

14%

86%

Batting Average4

Major League Salary

.43

18%

72%

General Mental Ability5

Job Performance

.50

25%

75%

Medication3

Amount of Deliberate
Practice

Note:

Associations that were reported as odds ratios (OR) or ln(OR) were converted to approximate Pearson Product-Moment
Correlations using methods described by Bonett (2007) and attributed to Pearson (1900).

1

Holt-Lunstad et al. (2015) and/or Luo et al. (2012)

2

Strenze (2007)

3

Simpson et al. (2006)

4

Averbukh, Brown, & Chase (2017)

5

Schmidt & Hunter (2004)

Taking the values reported in Table 1 as benchmarks, the .38 correlation between practice
and performance reported by Macnamara et al. (2014; 2018) is substantial. After all, the .08 to
.23 correlations for the various predictors of mortality are large enough to justify the expenditure
of massive amounts of time and money on public health policy and initiatives, aimed at changing
people’s behavior. In the United States, for instance, healthcare costs associated with obesity,
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the smallest correlation reported in Table 1, range from $147 to $210 billion dollars per year
(Cawley & Meyerfoefer, 2009). An additional $60 billion is spent annually on weight lose
products and programs (Williams, 2013).
Beyond whatever conclusions might be inferred from statistical correlations, for the true
scientist, the issue of causality always remains. Any new student of statistics knows the maxim:
correlation does not imply causation. And yet, in the real world, correlational data is often used
to make actionable inferences. Ideally, experimental studies would be used to establish cause
and effect (Holland, 1992, 1986; Rubin, 1986; Shadish, 2010). For all that, it must be
remembered that the negative health effects of obesity, smoking, and excessive drinking have
never been established experimentally—animal analogue studies aside, humans have never been
randomly assigned to smoking and no smoking conditions, obese and non-obese conditions, or
excessive drinking and non-excessive drinking conditions. For obvious reasons, causal
attributions between various lifestyle behaviors and mortality must almost always be inferred
(Kvaavik, Batty, Ursin, Huxley, & Gale, 2010; Mathers & Loncar, 2006; WHO, 2003). While,
at present, there remains a scarcity of truly experimental studies of DP, the size of the correlation
compared to other predictor variables is sufficient to recommend its application in performance
improvement efforts.
Practice versus Deliberate Practice: Ambiguities in the Macnamara Meta-Analysis
Close examination of the studies comprising the Macnamara et al. (2014) meta-analysis
yields even stronger support for the power of DP. In their investigation, studies were included if
they contained: (1) a measure of accumulated amount (e.g., number of hours) of one or more
activities interpretable as deliberate practice; (2) a reference to at least one publication on
deliberate practice by Ericsson and his colleagues; (3) a measure of performance reflecting level
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of skill in the particular domain; (4) an effect size reflecting the relationship between
accumulated amount of deliberate practice and performance; (5) results that were reported in
English; and finally (6) participants who were human.
Unfortunately, although all 88 studies in Macnamara et al. (2014) were “interpreted” by
the researchers as DP, in reality, they were not. Regardless of whether any one study met
inclusion criteria number two (i.e., making reference to at least one citation of Ericsson), many
were instances of mere time in spent in an activity that could be interpreted as related to the
performance, but missing the essential components of deliberate practice. As just one example,
one study (Ekstrand, 2007) included in Macnamara examined learning efficiency of university
students enrolled in an introductory macroeconomics course. Study time and lectures attended
comprised the deliberate practice variables but are two activities potentially unrelated to the
performance measured (e.g., a student could sleep in class, for example, and it would still be
counted as deliberate practice). Study time and lecture attended do not comprise aspects of
deliberate practice. Not only were the key elements of DP absent, the impact of DP on
performance was not the focus of the study. Rather, the intention was to investigate individual
characteristics that influence study efficiency.
Macnamara Redux
To examine the influence of ambiguities in the results reported by Macnamara et al.
(2014), a reanalysis of the original dataset was conducted. We should note that there has been a
great deal of inconsistency in the definition of DP (b) Macnamara et al. used a very broad
definition of DP, (c) a narrower definition of DP that more closely aligns with the principles of
DP could have been used, and (d) our reanalysis reports results when a narrower definition is
used.
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Raters coded each study as to whether it qualified as an instance of deliberate practice.
They were blind to both the identity of the authors and the research results, making their
determinations using only the methods section of each report. In short, a study was coded as DP
if and only if it explicitly indicated it estimated the effects of deliberate practice, and the
dependent variable was a measure of performance specific to the domain targeted by the practice.
Out of the 88 studies included in Macnamara et al. (2014) meta-analysis, 18 failed to
meet the criteria for DP. These 18 yielded a total of 45 effect sizes, which were, in fact, reports
of activity hours, not DP. Of interest, the 18 studies all came from the domain of education (see,
Supplementary Material) representing a board range of subject areas (e.g., business, organic
chemistry, psychology, mathematics, etc). In all instances, the studies were not designed to
investigate the effects of deliberate practice on performance.
Using the effects and standard errors (adjusted) reported by Macnamara et al. (2014), the
aggregate correlation between practice and performance was calculated for studies classified as
DP research, and those identified as activity hours, using standard methods for aggregating
correlations (Shadish & Haddock, 2009; computed using the R statistical software package for
meta-analysis ‘MAc’ [Del Re & Hoyt, 2010]). The results of this reanalysis are found in Table
2.
Table 2 A Comparison of Effects of Practice versus Deliberate Practice
Number of effects

Aggregate

Standard Error

Correlation

Wo

p

CI

Effects of Deliberate Practice
102

.40

.0281

<.0001

.34; 46

Effects of Activity Hours (not deliberate practice)
45

.21

.0271

<.0001

.16; 26
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The results indicate that the correlation coefficient for deliberate practice effects (viz.,
.40) was significantly larger than non-deliberate practice studies (viz., .21, p < .001). Reference
to Table 1 further shows the aggregate correlation for DP studies is in the range of the largest
correlation presented (batting average and salaries of major league baseball players).
To Be or Not to Be (An Expert): What is the Question?
When it comes to accounting for any aspect of human behavior, the pendulum of popular
opinion often swings from one extreme to the other. Are experts born or made? The answer is,
“yes and yes.” As Ullén et al. (2016) argue persuasively, genetic makeup matters, as does the
environment into which one is born and lives. Aside from these “givens,” the question remains:
What can a person actually do to improve their performance?
In contrast to how the results of Macnamara et al. (2014) have been portrayed in the press
(Allison, 2016; Konnikova, 2016; Strauss, 2014), this meta-analysis found what turns out to be a
relatively large correlation between DP and improved performance compared to other
associations considered critical (e.g., the correlations of smoking, obesity, and excessive drinking
with mortality). More, as has been shown in the present report, the magnitude of the relationship
is even greater when studies are limited in the analysis to bona fide instances of DP.
The discussion about the importance of deliberate practice raises an important
methodological and conceptual issue. The question of whether natural talent is associated with
performance is a between-person effect: Those persons with more natural ability than others will
perform better. On the other hand, DP is a within-person effect: As individuals practice more,
they will perform better. Research designs and statistical methods for disaggregating betweenperson and within-person effects have been discussed (Curran & Bauer, 2011; Wang & Maxwell,
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2015) and could profitably be used to study the effects of trait like variables (e.g., ability) and
state like variables (DP or environment) on performance.
Improving performance is a worthy goal. As has been shown, there is sufficient
evidence, even from critics, that DP is associated with performance. Understanding the complex
role “nature” can play may serve as a buffer to unlimited aspiration and potential
disappointment. At the same time, such understanding is only likely when: (1) research included
in any analysis is an actual study of DP; and (2) the criteria for what constitutes DP are
standardized, made explicit, accepted by researchers, and applied consistently across studies. To
that end, we propose that in future studies, any activity deemed DP meet the following four
criteria: (1) individualized learning objectives; (2) ongoing feedback regarding performance and
learning; (3) involvement of a coach; and (4) successive refinement through repetition most often
conducted alone (Ericsson & Lehmann, 1996). To this point, it is noteworthy that even work
published by Ericsson, the researcher credited with originating the term, do not meet these four
criteria and often change from one study or publication to another (c.f., Duffy, Baluch, &
Ericsson, 2004; Ericsson et al., 1993; Ericsson, 2007; Plant, Ericsson, Hill, & Asberg, 2005;
Tuffiash, Roring, & Ericsson, 2007).
Despite such considerations, available evidence indicates engaging in DP is a reliable
method improving performance. As the celebrated UCLA basketball coach John Wooden once
observed, “Do not let what you cannot do interfere with what you can do.”
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ENDNOTES
1. Thanks to Macnamara and colleagues for making their data available for the present
analysis.
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