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In our target paper we approached the issues of gifts and innate talents a little
differently; in contrast to earlier reviews we turned away from definitions and
global theories and focused instead on the empirical evidence for giftedness
meeting the standards of laboratory science, namely that the performance asso-
ciated with a gift or talent is reproducibly superior and objectively measured. We
then surveyed all available domains for evidence and focused, in particular, on
performance that allegedly could not be explained in terms of acquired skills and
adaptations in the context of the expert performance framework. We argued that this
approach would help us and other scientists make progress in identifying the
verifiable, reproducible evidence for any innate gifts that may be necessary for
achieving elite and expert levels of performance. Once identified, the associated
phenomena could then be replicated and examined in more detail to develop
complete accounts in terms of gifted individuals’ unique genetic endowment, the
associated unique genes, and their expression during development leading to the
observable phenotypes.

We were delighted to receive so many commentaries from many of the authors
that we had cited in our target paper. Several commentators (Baker, Beghetto-
Kaufman, Coleman, Freeman, Kaufman, Runco, Subotnik-Jarvin-Rayhack, Ziegler)
were kind enough to compliment us on our target paper’s scope and depth of review,
even though many expressed disagreements with some of our views and ideas.
Gagné is the only commentator who feels that our target paper demonstrated little
progress beyond Howe er al.’s (1998) target paper and the associated exchanges in
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the Behavioral and Brain Sciences. He states ‘In spite of Ericsson’s current efforts to
counter and circumvent the major objections expressed then, most of them remain
valid here’ (emphasis added); however, his use of the word ‘most’ seems to imply at
least some limited progress. The most compelling endorsement of the challenge of
our target article was given by one of main theorists of giftedness, namely Ziegler. He
made the case that it is the full responsibility of researchers of giftedness to support
their theoretic arguments by demonstrating compelling evidence for ‘innate talents,
with methodologically sound investigations and studies’.

Overall, we are pleased with commentators’ willingness to respond to our target
article’s challenge to identify observable reproducible phenomena that could be
widely accepted as strong scientific evidence for innate talent. Obviously, the space
constraint forced some of the commentators to cite other publications, where they
have described evidence for innate talent more fully. For example, in his
commentary, Baker cites issues and evidence reported in a chapter by Abernethy
et al. (2003), where a number of criticisms against the expert performance
framework in sports (Ericsson, 2003a) were voiced. However, Baker omits
mentioning that the first author published a point-by-point rebuttal of those
particular criticisms (Ericsson, 2003b) in the same edited volume (Starkes &
Ericsson, 2003). Ideally, Baker should have commented on problems with those
rebuttals rather than citing the original critique—unless the discussants address only
the most recent published responses on an issue, we cannot expect progress. Ideally
there should be opportunities for multiple back-and-forth exchanges to identify the
core issues and evidence that captures genuine disagreements. For a rare extended
transcribed exchange, see the discussion following the presentation of Ericsson ez al.
(1990) at the meeting of the Ciba symposium on ‘The origins and development of
high ability’. In that discussion, the first author invited ‘others to tell me about
research findings that we may have overlooked [as evidence for innate talent]’
(p.235). The famous behavior geneticist, Thomas Bouchard, was willing to put a
wager on several bodies of evidence that would demonstrate evidence for innate
talent differences in expert performance and said: ‘I am ready to bet my house on
that’ (p.235). There were other related bets made during the ensuing discussion,
which we feel demonstrates remarkable conviction in the absence of verifiable facts
from studies. To go beyond exchanges of opinion we need to reach an agreement on
the reproducible phenomena that are the fundamental empirical support for
theoretical claims, after which it should be possible to resolve these issues with
scientific methods and future experiments.

In this reply, we have organized the ideas in the commentaries into three
general categories, namely the biological foundation of giftedness and heritability,
deliberate practice, and objective metrics of performance. The purpose of each
section is to try to identify three different types of claims and arguments: what
we believe are misunderstandings of our framework, what appear to be general
agreements, and what we feel remain genuine disagreements. For each disagree-
ment we will review relevant evidence as well as indicate where future research is
needed.
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Biological foundation of giftedness and heritability

Several of the commentators (Baker, Gagné, Runco, Simonton) feel that our
target article selectively reviewed and overlooked evidence on heritability, genetic
determination of high ability and biological mechanisms mediating elite perfor-
mance. We feel these criticisms are important, and we attempt to directly address
them below.

Misunderstandings

Many of the misunderstandings in the present commentaries resemble earlier
misconceptions of our work, where previous authors had incorrectly depicted our
framework as representing an ‘extreme environmentalism’ standpoint that rejects
even the possibility of innate talent. For example, Baker describes the ‘authors’
dismissal of the possibility of innate factors explaining expert performance’. We
disagree with this characterization because we do not dismiss this possibility, and
this is a very important distinction. We try to adopt a scientific stance, where we state
that our current review has not yet found evidence for ‘innate factors explaining
expert performance’ with the exception of body size and height. However, such
evidence may ultimately be uncovered, and we have even tried to anticipate how
such genetic differences might potentially arise, such as with motivational factors.
Baker, Runco, Gagné and Simonton point to evidence that they feel that we have not
considered in our target article. In a section below we review their examples in the
light of a more explicit discussion about the kind of evidence that would be necessary
to show that genetic factors genuinely constrain individuals’ ability to attain expert
levels of performance. Before we discuss these criteria we will first outline what we
all seem to agree on regarding genetic influences on the development of human
ability and performance.

Agreements

It is unquestionable that development of human embryos involves the activation of
genes in an orderly manner to produce viable and healthy child, rather than any
other type of organism, such as a zebra or a shrimp. Furthermore, there are
chromosomal aberrations, such as Down’s syndrome, and single gene mutations that
cause developmental problems and disadvantages. There is a very clear asymmetry
between genetic mutations that provide advantages and those that create
deficiencies. When a gene is mutated there is a very high probability that the effect
will be detrimental or even lethal (Vogel & Motulsky, 1997). It is comparable to
making random changes to statements in a computer program or rewiring a
computer randomly: the change will almost invariably create problems rather than
create an improvement in functioning.

In our target paper, we reviewed evidence for genes that impose limits on the
attainment of expert performance. We argued that extended deliberate practice
could activate genes all healthy children possess as part of their DNA that in turn
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would cause changes in the physiological and neural activities associated with expert
performance. We and the commentaries are in agreement that the activation of genes
is a critical component of the skill acquisition process. The disagreement is whether
individual differences in genetic makeup selectively allow only some rare individuals
to attain elite levels of performance. We turn to these disagreements in the next
section.

Disagreements

Several commentators took issue with our criticisms of evidence for giftedness and
also identified evidence that they felt could not be explained within our current
framework. These arguments are grouped according to some shared general ideas.

Definition of health. In our target article, we stated that we were interested in making
generalizations concerning expert performance for ‘normal, healthy individuals’.
Baker criticizes our attempt to define health as way to exclude individuals with
known deficits, such as brain injury, and other types of medical and genetic
problems. We agree that there is no fixed definition of health and with increased
knowledge of various health problems, such as cholesterol levels and obesity, what
might once be considered merely an individual difference on a dimension could be
changed into a criterion for disease. On the other hand, our use of term ‘health’
emphasized identification on the basis of known handicaps. In most cases, we doubt
whether there will be controversy that individuals with known diagnosed genetic
diseases will be disadvantaged in attaining elite performance. We welcome proposals
that would allow us a more precise definition of the population of children who lack
known deficits, but in the interim we will use the label ‘healthy’ to refer to them.

Owverlooking ‘strong favorable’ evidence for innate talent. Gagné claims that we omit
‘lots of strong favorable evidence’ for the talent position coming from race
differences in sports and cites Entin’s (2000) book Taboo: why Black athletes dominate
sports and why we’re afraid to talk about it. In fact, even Entin (2000) concedes that he
knows of no solid evidence for individual genes that can explain the superiority of
runners with African ancestry, such as Kenyan and other runners. Rather, he merely
believes that scientific evidence for such genes will eventually emerge. In contrast,
more recent research on the compelling performance advantages (see Ericsson,
2007) such as the Kenyan runners’ superiority in long distance events points to
alternative accounts based on physiological differences induced by physical activity
during childhood at high altitude (Larsen ez al., 2005; Onywera et al., 2006).

Generalizabiliry of heritabilities from general population to elite performance. Many of the
commentaries cite heritability estimates in their arguments for the role of talent,
though this ignores the important problem that heritability estimates from one
population cannot be generalized to another. Several commentators (Gagné, Runco
and Simonton) turn to a discussion of attributes that reveal heritabilities of
psychological measures with the twin method for the general population. The
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evidence for heritability in performance on tests of creativity (Runco; see Runco,
2007) and results of personality tests (Simonton) based on twin studies meets
standard criteria for statistical significance. In particular, Simonton argues that if a
measure is heritable and if it predicts elite performance, then this constitutes
evidence for innate talent. However, in our target paper we showed that individuals
who belong to a twin pair are underrepresented among expert performers. Without
having twins in samples of elite individuals, we cannot use the traditional twin
method to estimate the heritability of a given psychological measure for our population
of interest, namely for elite individuals. In fact, there are many reasons why heritabilities
and relations between variables among untrained individuals in the general
population will probably not generalize to expert performers. Heritabilities reflect
genetic correlations in populations exposed certain types of environments, and
heritability estimates can dramatically change under differing environmental
conditions. If extended intense training in a domain of expertise activates new
genes to provide the necessary adaptations and changes, there should be little
correspondence with untrained individuals who have not engaged in similar
activities. More generally, research on processes mediating reproducibly superior
expert performance shows that the mediating mechanisms differ fundamentally from
those used by novices (Ericsson, 2006a)—during years of practice and training
experts acquire elaborate mechanisms for encoding and maintaining flexible access
to critical task information that bypass basic capacities, such as short-term memory
capacity (Ericsson & Kintsch, 1995).

Changes i the mediating mechanisms during the extended acquisition of skill. Moreover,
there is an impressive body of evidence showing that with increasing level of skill
there are changes in the patterns of neural activation (Hill & Schneider, 2006), and
some evidence even suggests that intense training can change functional and
structural aspects of the brain (Ericsson, 2006b). In a recent review (Roring ez al., in
press) we discuss how early and extended training has been shown to change the
cortical mapping of the brain area controlling fingers of string players and that
intense music practice influences the development of myelin around nerves in
critical brain regions (Bengtsson et al., 2005). Furthermore, regions of brain activity
have been shown to change dramatically as skill increases (Grabner er al., 2006;
Volke et al., 2002). Vandervert gives a very interesting proposal for how the
cerebellum becomes increasingly involved as the skill become effortless and
automatic (see also Ramnani, 2006, for a more cautious review and proposal).
Although it is reasonable to assume that skilled performance may well involve the
cerebellum, it is important to point out that deliberate practice cannot be
automated. In fact, we argue in the target article that deliberate practice is designed
to give the performer increased control over their performance. This does not
mean that experts need to control actively all aspects of performance at all times, but
it means that they are capable of controlling any of the relevant aspects of their
performance, if so desired. However, we agree with Vandervert that further research
on how the brain changes as a function of extended deliberate practice is one of
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the most exciting directions for research on expert performance and its biological
basis.

Involvement of invariant domain-general mechanisms. In our target paper we provided
support for the neural, cognitive and physiological changes in the mechanisms
mediating increasingly skilled performance. We believe that this type of evidence
also addresses Kaufman’s criticisms of our framework for not addressing the role of
domain-general mechanisms. In general, we have not found evidence for general
performance measures that correlate with objectively measured expert performance
(distinguished from reputation factors). Furthermore, if the relation between 1Q and
performance in domains, such as chess, is not reliable this would rule out the
mediation of IQ and similar domain-general mechanisms. Nor does it appear that IQ
or working memory capacity is a ‘bottleneck’ as described by Kaufman, given that
some elite individuals have below average IQ scores. Since our review we have found
additional studies (Grabner et al., 2006; Unterrainer ez al., 2006) that fail to find a
relationship between performance and IQ in samples of skilled chess players with a
very broad range of IQ scores.

We realize that Kaufman rejects IQ as a measure of the mechanisms to which he
refers. However, until he is able to measure these mechanisms in a reproducible
manner and show them to be reliably related to acquisition of expert performance, it
will be impossible for us to attempt to replicate and examine the associated
phenomena in the laboratory. Finding such evidence might be difficult, as reviews
have discussed that domain-general measures have not been found to be predictive
of elite achievement when it is objectively defined as reproducibly superior perfor-
mance (Ericsson & Lehmann, 1996). Moreover, given the dramatic changes that
take place over years of extended deliberate practice, the strategies and mechanisms
mediating basic cognitive processes with unskilled individuals more typical of
traditional psychological research may not inform research on elite achievement. For
this reason we disagree with Kaufman, and we argue instead that the difficulty with
the search for domain-general learning mechanisms, such as with list memory
experiments is that the mediating mechanisms in these experiments are unlikely to
play much of a role in specific domains of expertise. This is especially true when
individuals have spent years developing new methods for improving performance.

Unique genes influencing expert performance. In our target article we argue that innate
talent accounts will ultimately need to specify those genes that give talented
individuals their advantage and how these genes are expressed during development
and training. In his commentary, Runco suggests the possibility that genes might
influence performance on creativity tests. However, given that creativity and
intelligence tests have not yet been shown to relate to the acquisition of expert
performance in any specific domain, heritability of performance on those tests and
their associations to genes is not directly relevant to reproducibly superior
performance. Nonetheless, it is interesting to assess the strength of the evidence
for individual genes influencing creativity. Runco describes a recent study in his new
book (Runco, 2007): Reuter ez al. (2006) tested 92 adults on sub-tests of a German
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intelligence test where the participants were asked to generate as many different
combinations as possible of figural, verbal and symbolic elements and then
correlated their performance to three different gene loci. A few of these relations
were reliable at the 0.05 level. If, however, a Bonferroni adjustment of the p-level
was made for the nine different tests (pe;=0.05/9=0.006), then none of these
relations would remain significant, which may be one of the reasons why Reuter et
al. (2005) referred to their study as a pilot study in the title. In general, the research
on finding individual genes related to above average intelligence has had many false
alarms (Petrill ez al., 1997; Plomin ez al., 2001). It is our assessment that it will take
some time until findings between regular test performance on tasks measuring
superior creativity/intelligence and specific genes will be reproducible and valid.

There are, however, studies that relate unique genes directly to individual differ-
ences in elite performance, namely in sports. Baker cites research that has found
specific genes that are ‘possible contributors’ to expert performance in sports, such
as the ACE polymorphism. This evidence involves identifying elite level athletes
and then testing their DNA to find differences between elite athletes in power/sprint
and endurance sports. In our target paper we cited the recent review by McArthur
and North (2005) which questioned the existence of evidence at the time of their
review for unique genes influencing elite endurance performance. More recent
studies have not settled the issue, but some have found no relation between the ACE
polymorphism in Kenyan elite long distance runners (Scott ez al., 2005). Further-
more, there is at least one example of a world class Caucasian athlete who did not
possess the supposedly beneficial genes (Lucia er al., in press). Our assessment of the
studies of unique genes contributing to elite performance in sport appears to us to be
very similar to that of Baker, who agrees with the lack of current evidence but does
not rule out the possibility that some evidence might be uncovered in the future.

As discussed above, though we are impressed with the number of commentators
willing to give examples and counter-evidence to our arguments, we must point out
that as scientists, we need to focus on wverifiable, reproducible evidence that can be
replicated in laboratories with different theoretical frameworks. Furthermore,
without experimental proof we cannot assume that any findings after the first few
hours of training will generalize to the long road toward expert performance, which
requires orders of magnitude longer training periods. Indeed, we devoted much of
our target article to the discussion of reliable evidence of factors affecting and
contributing to the development of expert performance. In the next section, we
address commentators that took issue with our conceptualization of the role of
deliberate practice in the development of expertise.

Deliberate practice

A cornerstone of our framework is the notion of deliberate practice. Any
misunderstanding of what deliberate practice is and how it differs from other
activities, such as mere professional experience, will first be addressed. We will then
try to identify the agreement about what constitutes the criteria for deliberate
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practice. Finally we will discuss criticisms of the sufficiency of deliberate practice to
explain giftedness and exceptional performance.

Misunderstandings

Many of the misunderstandings arise from overlooking aspects of the definition of
deliberate practice. For instance, we take issue with the introductory statement by
Shavinina, who describes her disappointment with a doctor having only five years of
experience. As we discussed in our target article deliberate practice must be
distinguished from mere experience, in that only through focusing and improving
specific aspects of performance, such as the aspects in which the performer is
weakest, can an aspiring individual improve. It is likely that many doctors who have
more experience than this are actually less proficient if they have not engaged in the
appropriate practice activities, which has actually been found in some studies of
medical expertise showing how in some medical domains, performance diminishes
with experience (Choudhry et al., 2005). Experience in a domain is by no means a
guarantee of superior performance and sometimes fails to predict skill entirely. A
more appropriate metric of performance would be to investigate the doctors’ past
records of success in diagnosis and surgery with patients with similar symptoms
during the last year, so as to choose the doctor with the best record. The importance
of deliberate practice has been found for many domains of expert performance that
researchers have investigated, including many domains that are not merely motor-
based, such as chess, Scrabble, medical diagnosis and mental calculation. This
contrasts with the misconceptions of some commentaries that our framework has
not addressed intellectual domains.

Rate of skill acquisition. Similarly, Simonton reports evidence that some individuals
reach elite levels of achievement much faster than others, but individual differences
in time to attain a given performance level is consistent with our framework and need
not support the notion of talent or innate learning rates as he advocates. In fact, the
studies cited by Simonton treated years of experience as a practice variable—
experience is not an accurate measure of deliberate practice, as we have repeatedly
argued in our target article. If individuals reaching elite levels of achievement engage
in deliberate practice more frequently and for longer durations than others, they will
almost certainly improve at faster rates, which is exactly what Sloboda ez al. (1996)
found for ‘gifted’ in comparison to less ‘gifted’ music students. Differences in the
quality of practice are also likely to explain Subotnik er al’s comment that some
individuals may appear to ‘practice’ as much as experts but perform at far lower
levels; for instance, as we mention in the target article many chess players never
improve over decades of experience despite consistently playing in chess tourna-
ments. However, many chess players ‘practice’ by frequently playing for fun with
their friends, whereas others engage in effortful study of thousands of chess positions
and receive specific instruction from a trainer. In recent reviews (Ericsson, 2004,
2006b) and our target paper we show that there are differences in the level of
deliberate practice that can explain differences in speed of attaining high levels of



Downloaded By: [Yale University Sterling Memorial Library] At: 09:34 28 June 2007

Response to commentaries 105

performance as well as the attained level of performance even among highly
experienced individuals. Much of this evidence is based on investigations using
retrospective estimates of domain related activities; notably, Gagné rejects the use of
retrospective estimates of practice, as he feels there is little difference between these
retrospective estimates and anecdotal accounts of exceptional performances. In
contrast to subjective reports of talents, these data have been validated by repeated
measures at different times and by correlations between the performers’ estimates
and their parents’ and coaches’ independent estimates. They also have the potential
for validation against actual training studies in laboratory observations.

Not everyone can become an expert. Some of our commentators incorrectly assume
that we imply that any random individual can become an expert. We argue that
attaining expert performance is clearly constrained by opportunities to engage in
deliberate practice, and that this is a far from trivial constraint. Sometimes these
opportunities are related to the age of the performer. In our target article, we
discussed how critical periods can impose barriers, preventing random individuals
from reaching elite levels of achievement in certain domains unless these individuals
engage in appropriate practice activities within the associated developmental
windows. Similarly an early start of training often allows access to the best teachers
and training environments—most adults cannot engage in deliberate practice for
practical purposes, given their busy day-to-day lives and additional responsibilities.
Our framework emphasizes a number of necessary conditions that a healthy child
needs to have a chance to reach the highest levels of performance in domain.
Shavinina quoted a question addressed to the first author after one of his talks, where
the member of the audience asked whether he could become an Olympic athlete at
his mature age. We argue that this individual would at least have to follow the
developmental path of the past Olympic winners and start training early, engage in
years of focused deliberate practice in the best training environments, and so on.
The idea that random people would be able to attain these levels of performance
without matching the training history of today’s elite performers reflects a
fundamental misunderstanding of our ideas and our framework. It is thus incorrect
to claim that there is ‘no evidence for constraints on the attainment of achievement’,
as Runco suggested. In general, we argue that deliberate practice mediates the
development of high-level performance within a series of constraints that limit
individuals’ opportunities to engage in it. Additionally, even if children have the
optimal opportunities they need to be motivated to engage in deliberate practice and
to be willing to consistently push themselves beyond their comfort zone for extended
periods of time. We agree with Subotnik ez al. that these motivational factors require
more study and investigation.

Agreements

There is general agreement that training is necessary for attaining exceptional
performance. Gagné even claims that practice plays ‘a role no IT [innate talent]
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defender denies’. Many of the commentators, such as Subotnik ez al., make an even
clearer endorsement of the essential role of deliberate practice activities, such as
‘disciplined practice guided by an outstanding teacher/mentor’ for ‘years’ of
committed practice and instruction. Freeman states that we have demonstrated
‘the strong effects of deliberate solitary practice on high-level performance, quite
differently from mindless drill’. However, disagreements exist between commenta-
tors in the role of deliberate practice on the acquisition of expert performance.
Although we are in agreement that deliberate practice is necessary, many of our
commentators would contend that it is not sufficient. We turn to these arguments in
the next section.

Disagreements

In our target paper we proposed that attainment of an individual’s expert
performance can be viewed as a sequence of states (S[i]) and deliberate practice is
the type of practice that allows individuals to attain change in the cognitive or
physiological mechanisms that leads to a transition from one state, S[i], to another
state, S[i+1]. ‘Ultimately, a complete theory must account for a// the transitions
between the different states and how some participants attain these transitions (i.e.,
improvements) either through practice, experience or maturation’. In our review we
were unable to find evidence for any transitions blocked by innate constraints that
limit healthy children from attaining expert levels of performance, with the exception
of height and body size, although we acknowledge that further research is required
for a full description of these transitions in many domains. Many of the commen-
tators reject this finding by arguing that deliberate practice is usufficient to attain elite
levels of performance. Our knowledge about the sequence of states describing the
acquisition of expert performance is still limited but steadily increasing, especially
during the last decade. Given that deliberate practice requires effortful concentration
and problem solving to discover new methods for improving performance,
improvement in a domain is a gradual process extended over a long period of time.

Omne or many paths to expert performance. One concern, raised by Runco, is that our
method may not appreciate that there are several paths towards expertise. We may
be partially responsible for this misconception of our framework. The number of
different paths leading to superior performance is an empirical question that can
only be fully answered by additional research. While we do not conceptualize the
path towards expertise as necessarily being the same for everyone, our extensive
reviews and investigations consistently reveal the importance of engagement in
appropriate deliberate practice activities. Thus, although factors affecting individuals
and their training environment may produce different paths, it is the importance of
deliberate practice that remains constant. It may also be that future research will
reveal that some changes and improvements are optimally acquired in a specific
order. For instance in many domains, such as music, the curricula are remarkably
similar across different countries and teachers. Furthermore, the extended process of
acquiring expert levels of performance involves the building of new skills by adapting
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previously acquired ones. The issue of how to describe the sequences of states will
depend on the level of description. In fact, even different individuals in the same
domain often acquire very different mechanisms mediating their performance,
illustrating the complexity of the acquisition process as discussed by Shavinina.
Perhaps the most compelling evidence for the differences in detailed structured of
the mediating mechanisms has been most convincingly been demonstrated for
memory experts and other related types of experts (Ericsson, 1988, 2003c, 2006a).
Parsimony dictates that we search for the invariant general characteristics of the
sequences of states of the development, but we note that improvement in a domain
may not be linear as suggested by Ziegler.

Sudden emergence of exceptional performance. In earlier reviews of exceptional abilities
and giftedness Ericsson and Faivre (1989) reviewed a large body of published
evidence claiming support for suddenly emerging abilities in memory, calendar
calculation, and mental calculation. In this review, we demonstrated that in every
case an account based on abilities acquired through practice gave the most
parsimonious account for them. In his commentary Gagné now claims that no talent
researcher believes in the sudden emergence of traits and concludes that such
evidence for sudden achievements is obviously incorrect. Although this seems to
reflect progress, at the end of his commentary he describes a prodigy named Sarah
Chang who received ‘extremely laudatory judgment of her master teacher at the
Julliard School of Music’ at age 5 years. It seems that the argument has changed
slightly, from sudden emergence to very rapid development that is inexplicable by
normal learning processes. It would be a very interesting if someone had performed a
thorough documentation of Sarah Chang’s early development, particularly with a
thorough review of all the music activities in which she has engaged along with a
longitudinal measurement of her level of objective performance. Unfortunately, we
have found no serious description of how she prepared the pieces for her first
recordings or an extensive analysis of how her dramatically superior learning
environment—including supportive parents (one of whom is an expert violinist) and
exposure to some of the best violin instructors in the world—influenced her rapid
rise in musical proficiency. Moreover, would it be possible for other children,
adolescents, and adults to match her earlier performances under ‘blind listening’
conditions, where judges are naive to the identity of the artist? Without this it is
possible that some of her earlier performances might appear impressive primarily
due to her young age (see our prodigy discussion). Notably, Sarah continued to
improve, but was only awarded a prize for adult music performance when she was 16
years old, well over a decade after her start of training with the violin. We would like
to encourage today’s parents of prodigies to cooperate with scientists to allow a
scientific description of their children’s rapid development and the associated
practice activities. Only then can we begin to make claims concerning the role of
practice and innate talent in such precocious development.

Freeman similarly criticizes our rejection of sudden emergence of performance,
but then later in her commentary she claims that ‘we know that gifts appear and
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disappear at different times in a life’. In her recent review of longitudinal studies of
gifted children Freeman (2006) finds that it is nearly impossible to generalize factors
contributing to success of the gifted. She draws an analogy between the confluence
of unique factors contributing to their success falling in love: ‘It is possible to say
how it feels and what happens because of it, but there is no sure recipe to apply to
others’ (Freeman, 2006, p.400). We remain more optimistic that it will be possible
to scientifically identify factors that lead to the acquisition of expert performance.

Explaining the acquisition of the highest levels of performance. Some of our commen-
tators would also contend that certain aspects of exceptional performance are impos-
sible to account for scientifically, such as extreme cases of motivation, giftedness and
creativity (e.g., Freeman). We would argue that, through the objective measurement
of practice activities, we should be able to explain all aspects of performance. We
turn to a further discussion of this issue in our next section on objective metrics of
performance.

Our main conclusion is that researchers should be encouraged to rigorously inves-
tigate the backgrounds of children exhibiting prodigious development, which would
give the scientific community empirical data to support qualitatively different deve-
lopment from other individuals. Alternatively, these children may differ not in their
learning but in their ability and motivation to engage in deliberate practice at young
ages. Future longitudinal research with measurement of performance and detailed
descriptions of activities related to practice is necessary to resolve these issues.

Objective metrics of performance

In this section, we address the issues raised by our commentators regarding our
emphasis of objective, evidence-based metrics of performance. We first discuss
misunderstandings with our laboratory-based approach. Next, we summarize
general areas of agreement. We then challenge disagreements and arguments,
beginning with our views on traditional talent identification methods. Finally, we
discuss whether exceptional achievements can be studied scientifically.

Misunderstandings

First, as discussed in our paper, the expert performance approach examines
reproducibly superior performance by designing representative tasks in order to
capture this performance in the laboratory. Runco and others raise this issue that
performance captured in the laboratory may not fully appreciate the intricacies of
real-world performance. In our paper, we cite several reviews documenting the
successful identification of superior performance in various domains that are
validated against in-vivo metrics of skill. However, many of our commentators argue
that there are some areas of giftedness and superior performance that cannot be
accounted for adequately by our framework. Before turning to these issues, we
review some areas of general consensus with respect to the objective measurement of
performance.
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Agreements

As scientists we can all agree that we must build the foundation based on verifiable,
reproducible evidence. As we have proposed in our target article, this evidence can
be offered from any scientific discipline so long as it meets the criteria outlined. We
also agree on the importance of laboratory studies to find statistically significant
relations under controlled conditions. To a certain extent, we agree that we need to
avoid more subjective evidence (such as anecdotes) as metrics of performance. Some
of our commentators, however, would contend that there are certain areas of beha-
viour that are scientifically impossible to explain or predict, and continue to consider
subjective evidence. We address their arguments in the next subsection.

Disagreements

Problems with the criteria for reproducibility. Some of our commentators argue that
there are some aspects of performance that cannot be replicated, such as problem
discovery (Runco). While we agree that scientific discoveries are impossible to
perfectly replicate, we do not agree that it is impossible to investigate the phenomena
with scientific methods. As mentioned in our paper, problem discovery must occur
within the context of commonly available knowledge. We gave the example of a
study performed by Qin and Simon (1990), where college students were able to
reproduce some of Kepler’s scientific discoveries when given the appropriate
background knowledge. As voiced by several of our commentators (Beghetto &
Kaufman, Coleman, Freeman, Runco), this study may not have considered the
unique social and cultural conditions that Kepler faced in his day. We agree that
these factors should be considered to understand Kepler’s achievements, but would
contend that they are not critical to assess if a gift or unique cognitive capacity would
be required to generate these discoveries. To assess the necessary conditions for
discovery, it is most important to focus on the knowledge available to the discoverer
and the processes generating the critical ideas and products. If college students can
discover Kepler’s laws with roughly equivalent background information, we need not
assume that Kepler possessed any unique gift or capacity for this achievement.
Indeed, recent reviews indicate problem discovery can be characterized by definite
states of progress (Tweney, 2004).

Exclusion of crearive achievements. Some of our commentators also argue that our
recommendations for objective metrics of performance, particularly in domains that
involve creative accomplishments, are unrealistic (e.g., Beghetto & Kaufman,
Coleman, Subotnik ez al.). We would agree that, especially in the arts and sciences, a
product’s success is decided by human judges and is thus influenced by cultural
forces and subjective factors. However, if an individual can reproducibly generate
works of arts judged technically superior (i.e., free from reputation-related biases) to
those of their peers then this is evidence for reproducibly superior expert
performance. This is consistent with the use of representative tasks in controlled
settings as recommended by our framework.
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Although we feel (and many of our commentators agree) that our review of
current research in expert performance was extensive, some of our commentators
claim that we have ‘ignored’ certain areas, such as creative domains, and have
interpreted our relatively brief coverage of these topics as evidence that the expert
performance framework cannot adequately account for accomplishments in such
domains. It is a fact that there have been fewer investigations from an expert
performance standpoint into the nature of more ‘open-ended’ domains, such as
‘poetry, theoretical physics, architecture and painting’ (Coleman). Still, we
recognize both their importance as well as the increased difficulties of studying
these domains. In our review, we described our approach to creative accomplish-
ments and give several recommendations for future investigations. However, there
are some investigations using an expert performance approach that examine such
‘open-ended’ domains (Hyllegard, 2000; Kozbelt, 2001; see also Weinberg, 2006).
We look forward to further studies of these domains that assess the prospects and
limits of the expert performance approach.

Exclusion of the subjective and idiosyncratic experiences. Coleman makes the case for
why ‘the subjective experience of exceptional performers’ is more interesting and
that our framework based on reproducible evidence is too limiting. However, our
laboratory techniques, such as protocol analysis (Ericsson & Simon, 1993; for a
review, see Ericsson, 2006a), have convinced us that many related aspects of
thinking can be rigorously studied, thus leaving relatively few aspects of subjective
experience of expert performance outside the reach of our proposed arsenal of data
collection methods and analyses.

In the same vein, we agree with Beghetto and Kaufman that major creative
contributions are infrequent and unpredictable, presenting an important challenge
to investigators. In our target article, we point out the difficulty of identifying
extreme creative achievement in the arts and sciences given that historically-based
social judgment is often the primary metric of performance. We argue that our
framework can potentially investigate these achievements when they can be equated
with some form of objectively-measured reproducibly superior performance.
Innovators do not, however, randomly generate their best products but they all
have a long history in which they acquire the necessary skills to develop and express
their ideas (Ericsson, 1999). They also must master their domain in order to seek
out the boundaries of knowledge and practice. Once we have specified the
conditions that are necessary for being able to make major or even minor
innovations, we will have probably specified much of the development of the
exceptional performers. Only after specifying what can be accounted for within our
framework would one be able to identify those aspects that cannot be captured.
Weinberg (2006) provides retrospective accounts for many major innovative
achievements that could be produced without assuming the necessity of innate
talent.

Problems with capruring the highest levels of creative achievement. Although we focused
on the development of expert abilities in our paper, as we mentioned in our section
on deliberate practice, we would argue that our framework can be extended to
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examine and understand cases of extreme creativity, motivation and giftedness. We
do not make the distinction between ‘normal experts’ and ‘super experts’. According
to some of our commentators, our framework may apply to the former, but the latter
is much harder to explain. Indeed, while some of our commentators would cite
hereditary factors to explain extreme cases of giftedness and creativity (e.g.,
Simonton), others would contend that such cases are simply inexplicable (e.g.,
Freeman). Our research and reviews lead us to disagree with both viewpoints.
Indeed, as discussed in our target article examinations of so-called ‘extreme’ cases of
precocity and giftedness often reveal uncommonly rigorous training regimen (see
Roe, 1953; Lehmann & Ericsson, 1998; Ericsson, 2002). Specifically, these
individuals engage in longer, more concentrated deliberate practice sessions than
their contemporaries and consistently seek ways to improve their own performance.
In fact, many of history’s examples of seemingly inexplicable achievements are no
longer unique. While Mozart may have been considered a prodigy in his day, many
young students enrolled in Suzuki schools today undergo even more arduous
training; in fact, the performance of many of these students would make Mozart
seem quite average at similar ages (Lehmann & Ericsson, 1998)!

Subotnik ez al. raise a number of interesting issues concerning talent development
that focus on the development of performance in a world with limited resources of
the best teachers and the best training environments. They propose that some
aspects of personality, motivation, and ambition are less trainable or maybe trainable
to a very limited degree. It would be fascinating to conduct longitudinal studies
where music students’ performance and amount and, in particular, quality of
practice activities were measured, especially before and after they had been accepted
to prestigious teachers and learning environments. Once we are able to accurately
describe and measure practice then we will be in a much better position to assess
which additional factors are predictive of future success. So far we have seen
examples where dispositional factors, such as motivation, ambition and personality,
may not have a direct effect on success, but an indirect effect that leads to increased
amount and quality of practice (deliberate practice). The question of when the
music student first reveals the ‘feeling for music’ and if and how it is sustained across
the development is particularly interesting. It might also be interesting to explore the
development of elite performance in the other dramatic arts, such as acting, dancing,
and opera, where it is taken for granted that the performers are trained to project a
feeling to the audience with body language and facial expressions that differ accord-
ing to the role they are playing. We argue that if one can train actors to give expres-
sion of strong feelings, why it is not possible to train musicians on related factors?
How often are young music students helped to develop their observable ‘feelings for
music’, and are interventions at certain time periods more effective than others?

Concluding remarks and future directions

The purpose of this reply was never to try to force any ‘I'T defenders’, such as
Gagné, to change their basic position. Our goal was to use our framework to identify
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misunderstandings (at least as we interpret our framework), to sketch the basic
agreements and discuss our disagreements by reviewing evidence and asking further
questions. Science progresses normally by answering one question and generating
several new detailed questions that can be successfully studied with empirical
methods. Hence, progress involves producing a more refined and nearly always more
complex description of the phenomena and their associated causes or correlates. We
have summarized the empirical support for necessary prerequisites in terms of
training and practice for reaching expert levels of performance. We also hope that
our distinctions of different types of experience and practice will motivate
researchers to consider these type of distinctions in their future work (many of the
commentators already do), especially when they collect new data on the
development of elite performers in any of the variety of expert domains. We also
have tried to describe what we consider are the limits of our knowledge.

In his commentary Ziegler asks questions about our basic approach and its
usefulness for researchers of giftedness and high ability. The expert performance
approach (Ericsson & Smith, 1991; Ericsson, 2006a, b) was designed to identify
large stable performance differences in everyday life and capture them with
representative tasks in the laboratory to assess the structure of the mediating
mechanisms and collect information about factors linked to their development. This
approach was taken to maximize our efforts to gain information about both effects of
practice and potential innate unmodifiable capacities and mechanisms. Our
approach would thus prioritize the work on measuring and describing relevant
aspects of the superior performance of interest and only then search for its
precursors in the form of deliberate practice, training environments, and innate
prerequisites. Perhaps attempting to answer Ziegler’s questions is somewhat
premature until we have established consensus on how to measure the desired
outcome of the educational intervention. Answers to these questions will most likely
depend how the target performance is defined. According to the expert performance
approach large stable differences in the target performance serve as the fixed refer-
ence points for analyzing the environment, activities and genetic factors. This is not
the only approach, but it is the approach that we have adopted and thus advocate.

All of us are scientists first and foremost and, thus, we all accept the evidence that
individual differences in height have a strong genetic basis (for a review, see Ericsson
et al., 1993). Perhaps in the future we will accumulate similar evidence for a genetic
influence on other attributes related to expert performance in some domains. Until
then, we can only speculate on the probability that evidence of unique or
combinations of genes that determine the attainable level of performance will be
uncovered. We find the arguments by biologists for the existence of unique genes
causing a distinct advantages compelling, but the ultimate resolution will come when
we understand the complete sequences of states associated with the acquisition of
expert performance in many domains.

Most of these types of papers only allow a complete cycle of exchanges. The
commentators read the target paper, write their comments and the authors of the
target paper get a chance to address their comments. In order to improve on this, we
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requested to have our reply sent out in draft form to all the commentators so they
could to point out misunderstandings, factual errors, and any other comments with
the understanding. However, time did not allow this exchange, but perhaps future
issues of this journal might permit such a continued discussion. Nonetheless we have
tried to develop a description of the state of the art that will hopefully help future
research as a reference point on the exciting journey exploring the fascinating
phenomena of reproducibly superior performance and its structure and develop-
ment.
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