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Abstract:  Talents that selectively facilitate the acquisition of high levels of skill are said to be present in some children but not others. The
evidence for this includes biological correlates of specific abilities, certain rare abilities in autistic savants, and the seemingly spontaneous
emergence of exceptional abilities in young children, but there is also contrary evidence indicating an absence of early precursors of high
skill levels. An analysis of positive and negative evidence and arguments suggests that differences in early experiences, preferences,
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1. Introduction

In many areas of expertise, ranging from music, dance, art,
and literature to sports, chess, mathematics, science, and
foreign-language acquisition, there is abundant evidence
that young people differ from one another in their attain-
ments and in the apparent ease with which they achieve
them. Even within a family there may be marked differ-
ences: for example, a child who struggles at a musical
instrument without much success may be overtaken by a
younger sibling.

It is widely believed that the likelihood of becoming
exceptionally competent in certain fields depends on the
presence or absence of inborn attributes variously labelled
ªtalentsº or ªgiftsº or, less often, ªnatural aptitudes.º Ac-
cording to an informal British survey, more than three-
quarters of music educators who decide which young
people are to receive instruction believe that children
cannot do well unless they have special innate gifts (Davis
1994). The judgement that someone is talented is believed
to help explain (as distinct from merely describing) that
person's success. It is also widely assumed that the innate
talent that makes it possible for an individual to excel can be
detected in early childhood. We will refer to the view that
exceptional accomplishments depend on a special biolog-
ical potential that can be identified in some young children
but not others as ªthe talent account.º The purpose of this
target article is to examine the evidence and arguments for
and against this account.

The talent account has important social implications. A
consequence of the belief that innate gifts are a precondi-
tion for high achievement is that young people who are not

identified as having innate talents in a particular domain are
likely to be denied the help and encouragement they would
need to attain high levels of competence. Children's pro-
gress can be affected negatively as well as positively by
adults' expectations (Brophy & Good 1973).

1.1. Agreeing on a definition of innate talent.  Before con-
sidering evidence for and against the talent account, we
should be as clear as possible about what is meant by
ªtalent.º People are rarely precise about what they mean by
this term: users do not specify what form an innate talent
takes or how it might exert its influence.

Certain pitfalls have to be avoided in settling on a
definition of talent. A very restrictive definition could make
it impossible for any conceivable evidence to demonstrate
talent. For example, some people believe that talent is
based on an inborn ability that makes it certain that its
possessor will excel. This criterion is too strong. At the other
extreme, it would be possible to make the definition of
talent so vague that its existence is trivially ensured; talent
might imply no more than that those who reach high levels
of achievement differ biologically from others in some
undefined way. No matter how talent is defined, those who
believe that innate talent exists also assume that early signs
of it can be used to predict future success.

For the purposes of this target article we will assign five
properties to talent: (1) It originates in genetically transmit-
ted structures and hence is at least partly innate. (2) Its full
effects may not be evident at an early stage, but there will be
some advance indications, allowing trained people to iden-
tify the presence of talent before exceptional levels of
mature performance have been demonstrated. (3) These
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early indications of talent provide a basis for predicting who
is likely to excel. (4) Only a minority are talented, for if all
children were, there would be no way to predict or explain
differential success. Finally, (5) talents are relatively
domain-specific.

In principle, it is desirable to define precisely the indica-
tors of talent, but in practice some imprecision is unavoid-
able, as in the phrase ªrelatively domain-specificº in (5). We
would have preferred to be able to specify the boundaries
between domains, but this is not currently possible. Nor can
one specify just how much a trait should facilitate the
acquisition of special abilities to qualify as a talent: the
available empirical evidence is too coarse. We allow the
possibility that an innate talent can take different forms.
For example, saying that each of two children has ªa talent
for musicº need not imply that both are advantaged in
precisely the same way. A domain may draw on many
different skills, and individuals' competence levels in them
may not be highly intercorrelated (Sloboda 1985; 1991).

1.2. The talent concept in researchers' explanations.  Our
five properties are meant to provide a working definition
that is acceptable to researchers and captures the intuitions
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of the lay public. Like laypersons, researchers typically
believe that when they introduce the term ªtalentº they are
predicting or explaining someone's performance, not just
describing it. For example, Feldman (1988), writing about
child prodigies, remarks that ªit is not obvious what their
talents will lead toº (p. 281): He insists that ªthe child must
possess talent, and it must be very powerfulº (p. 280). For
Feldman, talents cannot be acquired; they must be ªpos-
sessedº innately by prodigies. He believes that prodigies
demonstrate ªexceptional pretuning to an already existing
body of knowledge, one that countless others had spent
time and energy developing and refiningº (p. 278). Sim-
ilarly, Gardner (1993a) equates talent with early potential,
noting that ªa poignant state of affairs results when an
individual of high talent and promise ends up failing to
achieve that potentialº (p. 176). For Gardner, talent is
defined as a sign of precocious biopsychological potential in
a particular domain (Gardner 1984; 1993b). The possession
of ªa strong gift in a specific domain, be it dance, chess or
mathematicsº is recognised by Gardner when there is a
coincidence of factors, the first of which is ªnative talentº
(1993b, p. 51). According to him, individuals who accom-
plish a great deal are people who were ªat promiseº in
relevant areas from early in life.

For Heller (1993, p. 139) ªscientific giftedness . . . can be
defined as scientific thinking potential or as a special talent
to excel in [natural sciences].º Detterman (1993, p. 234)
likewise suggests that ªinnate ability is what you are talking
about when you are talking about talent.º Eysenck and
Barrett (1993) claim that a strong genetic basis underlies all
the variables associated with giftedness. Eysenck (1995)
insists on the existence of genetically transmitted talents,
which he regards as necessary but not sufficient for the
emergence of genius. Benbow and Lubinski (1993) agree
that talent is explicitly biological: they claim that ªpeople
are born into this world with some biological predisposi-
tionsº (p. 65). Based on a survey of the use of terms such as
ªaptitude,º ªgiftedness,º and ªtalentº by experts and layper-
sons, GagnÂe (1993) concludes that a special ability must
have a genetic basis to be defined as a gift or aptitude.
Winner (1996) and Winner and Martino (1993) regard
talents as unlearned domain-specific traits that may de-
velop or ªcome to fruitionº in favourable circumstances but
cannot be manufactured. Talents are likely to be identified
by parents or teachers or they may be discovered fortu-
itously (Winner & Martino 1993, p. 259), but many gifted
children go unrecognised.

The above quotations make it clear that researchers and
experts make extensive use of the concept of talent to
predict exceptional abilities and to explain their causes.
Because researchers as well as educators rely on the talent
account, it is important to examine its validity.

Some previous challenges to the talent account have
concentrated on the field of music. Sloboda et al. (1994a;
1994b) raised objections to the view that musical expertise
arises from talent. They noted, for example, that in some
non-Western cultures musical achievements are considera-
bly more widespread than in our own (see sect. 3.3), that
there are often no early signs of unusual excellence in
outstanding adult instrumentalists (Sosniak 1985), and that
very early experiences may be the real cause of what is
interpreted as talent (Hepper 1991; Parncutt 1993). Others
have challenged this analysis, arguing that the evidence of
strong cultural influences on musicality can be reconciled
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with the existence of innate talent (Davies 1994; see also
Hargreaves 1994; Radford 1994; Torff & Winner 1994).

Criticisms of the talent account in other domains have
been raised by Ericsson and Charness (1994; 1995), who
provide substantial evidence that the effects of extended,
deliberate practice are more decisive than is commonly
believed. They argue that although children undoubtedly
differ in the ease with which they perform various skills (a
fact to which Gardner [1995] has drawn attention in chal-
lenging their conclusions), no early predictors of adult
performance have been found.

2. Evidence in support of the talent account

Several findings appear to favour the talent account.
(1) There are many reports of children acquiring impressive
skills very early in life, in the apparent absence of oppor-
tunities for the kinds of learning experiences that would
normally be considered necessary. (2) Certain relatively rare
capacities that could have an innate basis (e.g., ªperfectº
pitch perception) appear to emerge spontaneously in a few
children and may increase the likelihood of their excelling in
music. (3) Biological correlates of certain skills and abilities
have been reported. (4) Case histories of autistic, mentally
handicapped people classified as ªidiot savantsº have
yielded reports that appear to indicate impressive skills
arising in the absence of learning opportunities.

2.1. Evidence of skills emerging unusually early.  The
literature on child prodigies (e.g., see Feldman 1980; Feld-
man & Goldsmith 1986; Fowler 1981; Freeman 1990;
Goldsmith 1990; Gross 1993a; 1993b; Hollingworth 1942;
Howe 1982; 1990a; 1993; 1995; Radford 1990) abounds
with accounts of extraordinarily precocious development in
the earliest years. Very early language skills are described
by Fowler (1981) in a boy who was said to have begun
speaking at 5 months of age, with a 50-word vocabulary 1
month later, and a speaking knowledge of 5 languages
before the age of 3. Feldman and Goldsmith (1986) de-
scribe a boy whose parents said he began to speak in
sentences at 3 months, to engage in conversations at 6
months, and to read simple books by his first birthday.
Hollingworth (1942) writes that Francis Galton was re-
puted to be reading in his third year.

However, in none of these cases was the very early
explosion of language skills observed directly by the investi-
gator, and all the early studies were retrospective and
anecdotal. Even the more recent studies have some of these
limitations. For example, the boy described by Feldman
and Goldsmith (1986) was not actually encountered by
Feldman himself until he had reached the age of 3. Al-
though the boy's parents claimed to be surprised by his swift
progress, Feldman was astounded by their absolute dedica-
tion and ªunending quest for stimulating and supportive
environmentsº (Feldman & Goldsmith 1986, p. 36).

Fowler (1981) notes that the professed passivity of some
parents is belied by their very detailed accounts. One pair of
parents insisted that their daughter learned to read entirely
unaided and claimed that they only realized this on discov-
ering her reading Heidi. It turned out, however, that they
had kept elaborate records of the child's accomplishments.
Parents who keep such accounts cannot avoid becoming
actively involved in the child's early learning.

Accounts of the early lives of musicians provide further
anecdotes of the apparently spontaneous flowering of im-
pressive abilities at remarkably early ages (Hargreaves
1986; Radford 1990; Shuter-Dyson & Gabriel 1981;
Sloboda 1985; Winner & Martino 1993). A number of
prominent composers were regarded as prodigies when
they were young, and in some cases there are reports
of unusual musical competence in their earliest years.
Mozart's early feats are widely known. It is reported that the
Hungarian music prodigy Erwin Nyiregyhazi was able to
reproduce simple songs at the age of 2 and play tunes on a
mouth organ at age 4 (Revesz 1925). Again, however, most
of the reports are based on anecdotes reported many years
after the early childhood events in question. Some of the
accounts are autobiographical, such as Stravinsky's descrip-
tion of having amazed his parents by imitating local singers
as a 2-year-old (Gardner 1984) or Arthur Rubenstein's
claim to have mastered the piano before he could speak.
The accuracy of such autobiographical reports is question-
able considering that childhood memories of the first three
years are not at all reliable (e.g., see Usher & Neisser 1993).
The early biographies of prominent composers have re-
vealed that they all received intensive and regular super-
vised practice sessions over a period of several years
(Lehmann 1997). The emergence of unusual skills typically
followed rather than preceded a period during which un-
usual opportunities were provided, often combined with a
strong expectation that the child would do well.

There are also some descriptions of precocious ability in
the visual arts, and Winner (1996) has collected a number of
drawings by 2- and 3-year-olds that are considerably more
realistic than those of average children. Among major
artists, however, few are known to have produced drawings
or paintings that display exceptional promise prior to the
age of 8 or so (Winner & Martino 1993).

2.2. Evidence of special capacities that facilitate acquisi-
tion of specific abilities.  Some individuals acquire ability
more smoothly and effortlessly than others, but that fact
does not confirm the talent account. Differences between
people in the ease with which a particular skill is acquired
may be caused by any of a number of contributing factors.
These include various motivational and personality influ-
ences as well as previous learning experiences that equip
a person with knowledge, attitudes, skills, and self-
confidence. Facility is often the outcome rather than the
cause of unusual capabilities (Perkins 1981).

Perhaps the clearest indication of a special capacity that
is displayed by a minority early in life in the apparent
absence of deliberate efforts to acquire it, making further
advances likely, is encountered in the field of music. A
number of young children have ªperfectº or ªabsoluteº
pitch perception. A child thus endowed can both name and
sing specified pitches without being given a reference pitch
(Takeuchi & Hulse 1993). Structural differences in brain
morphology related to absolute pitch have been observed.
Musicians who have absolute pitch show stronger leftward
planum temporale asymmetry than nonmusicians and mu-
sicians without perfect pitch (Schlaug et al. 1995). It is not
clear, however, whether these differences are the cause of
absolute pitch or the outcome of differences in learning or
experience.

One might expect musicians who have absolute pitch to
be more successful than those who do not, but this is not
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always true. Perfect pitch perception has circumscribed
utility. For example, it makes no contribution to an individ-
ual's interpretative ability. Moreover, there is evidence that
it can be learned. It is relatively common in young musi-
cians who are given extensive musical training prior to the
age of 5 or 6, perhaps because a young child pays more
attention to individual notes before coming to perceive
sounds as parts of larger musical structures (Ericsson &
Faivre 1988). Contrary to the view that absolute pitch
provides clear evidence of a talent, it is sometimes found in
individuals who begin their training late (Sergent & Roche
1973), and can even be acquired by adults, although only
with considerable effort (Brady 1970; Sloboda 1985; Take-
uchi & Hulse 1993).

Eidetic imagery has likewise been taken to be a talent.
Like absolute pitch, it is observed in some young children
but not others, and it appears in the absence of deliberate
learning. Eidetic imagery seems to make young children
capable of recalling visual information in some detail, but
the phenomenon is somewhat fleeting and hard to verify
with certainty, and it conveys few, if any, practical benefits.
Although the phenomenon seems genuine as a subjective
experience, evidence that eidetic imagery is correlated with
above average remembering has proved elusive (Haber
1979; Haber & Haber 1988). Accordingly, there is little
justification for believing that eidetic imagery conveys an
advantage.

2.3. Evidence of biological involvement in exceptional
skills.  There is a large body of mainly correlational research
on the relationship between various measures of brain
structure, function, and activity and behavioural data. Per-
formance has been linked to (1) electrocortical measures
such as evoked potentials (Benbow & Lubinski 1993;
Hendrikson & Hendrikson 1980) and their components
(McCarthy & Donchin 1981), (2) hemispheric laterality
(Gazzaniga 1985), (3) brain images (see Eysenck & Barrett
1993), and (4) saccadic eye movements (Charlton et al.
1989).

A number of correlates of high ability have been identi-
fied, including left-handedness, immune disorders, myopia
(see Benbow & Lubinski 1993), blood flow measures (Horn
1986), neurohistology (Scheibel & Paul 1985), prenatal
exposure to high levels of testosterone (Geschwind &
Behan 1982), allergy, uric-acid levels, and glucose metabo-
lism rates (see Storfer 1990), and laterality (Eysenck &
Barrett 1993).

Gender differences in spatial abilities (Humphreys et al.
1993) appear to contribute to gender differences in mathe-
matical performance and are probably based on biological
differences. Information-processing parameters involved in
a number of human abilities, such as response speed, are at
least moderately heritable (Bouchard et al. 1990). Heredi-
tary factors underlie various other individual differences in
competence, such as working memory (Dark & Benbow
1991). Enhanced ability to manipulate information in short-
term memory has been observed in young people who are
unusually successful in mathematics (Dark & Benbow
1990). Moreover, because there are modest positive correla-
tions between measures of special skills and heritable basic
abilities such as general intelligence (Ackerman 1988; Howe
1989b), it is likely that some of the innate influences that
contribute to variability in intelligence test scores also
contribute to individual differences in special skills.

In general, the correlational evidence linking perfor-
mance to brain characteristics suggests that innately deter-
mined biological differences contribute to the variability
of expertise in specific areas of competence. There is a
large gulf between identifying neural correlates of behav-
ioural differences and finding a neural predictor of talent,
however. The relations between neural and performance
measures are too weak to warrant conclusions about tal-
ent. Moreover, the correlations diminish as tasks become
more complex (Sternberg 1993).

To provide support for the talent account, neural corre-
lates of exceptional skills would have to (1) be accom-
panied by clarity about the direction of causality, (2) in-
clude evidence that the neural measure is innately
determined (rather than the outcome of differences in
experience), (3) be specific to an ability, and (4) selectively
facilitate expertise in a minority of individuals. We are
unaware of any neural measures that come close to meet-
ing these criteria. Nor has firm alternative evidence of
early physical precursors of specific abilities emerged from
studies of either prenatal capacities or postnatal cognition
(Hepper 1991; Lecanuet 1995; Papousek 1995; Trehub
1990).

Ericsson (1990) and Ericsson and Crutcher (1988) ar-
gue that apparent indicators of structural precursors of
ability may need to be interpreted with caution. Ericsson
(1990) points out that individual differences in the compo-
sition of certain muscles are reliable predictors of differ-
ences in athletic performance and that this fact has been
widely held to demonstrate genetic determinants of athle-
tic excellence. He notes, however, that differences in the
proportion of the slow-twitch muscle fibres that are essen-
tial for success in long-distance running are largely the
result of extended practice in running, rather than the
initial cause of differential ability. Differences between
athletes and others in the proportions of particular kinds
of muscle fibres are specific to those muscles that are most
fully exercised in athletes' training for a specific specialisa-
tion (Howald 1982).

Some individual differences in brain structure and func-
tion are the outcome of differences in experiences rather
than a primary cause. Experience can lead to changes in
various parts of the mammalian brain, including the so-
matosensory, visual, and auditory systems (Elbert et al.
1995). For example, in violinists and other string players
the cortical representation of the digits of the left hand
(which is involved in fingering the strings) is larger than in
control subjects. The magnitude of the difference is corre-
lated with the age at which string players began instruc-
tion. Differences in early musical learning experiences
may also account for the atypical brain asymmetries ob-
served in musicians by Schlaug et al. (1995).

Although the evidence of a genetic contribution to hu-
man intelligence is consistent with the talent account,
there are only weak correlations between general intel-
ligence and various specific abilities (Ceci 1990; Ceci &
Liker 1986; Howe 1989c; 1990b; Keating 1984). General
intelligence need not limit final levels of achievement (Ac-
kerman 1988), and may have little or no direct influence
on specific abilities (Bynnner & Romney 1986; Horn 1986;
Howe 1989c). Moreover, there is no evidence of specific
gene systems affecting high-level performance of special
skills in the predictive and selective manner required by
the talent account. Psychological traits are more likely to
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be influenced indirectly by genes in a probabilistic way
(Plomin & Thompson 1993). Even in the case of general
intelligence, most of the research addresses the aetiology
of individual differences in the normal range of ability.
Relatively little is known about the genetic origins of high-
level ability.

Knowledge about the genetic basis of specific high-level
abilities is particularly limited (Plomin 1988; Thompson &
Plomin 1993). In the Minnesota study of twins reared
apart, self-ratings of musical talent correlated 0.44 among
monozygotic twins reared apart, considerably less than the
correlation of 0.69 for monozygotic twins reared together
(Lykken, in press), suggesting that family experience
makes a substantial contribution to self-ratings of musical
ability. Similarly, in a study of musical abilities in twins,
Coon and Carey (1989) concluded that among young
adults musical ability was influenced more by shared fam-
ily environment than by shared genes. On a number of
measures the correlations between dizygotic twins, which
ranged from 0.34 to 0.83, were not much lower than those
between monozygotic twins (0.44 to 0.90).

The importance of general processing constraints di-
minishes as levels of expertise increase (Ackerman 1988;
Krampe & Ericsson 1996); and some differences in basic
skills are predictive of unskilled performance but less so of
skilled performance (Ericsson et al. 1993b). In Coon and
Carey's study all 8 relevant estimates of the heritability of
musical ability were lower for participants who had taken
some music lessons than for those who took no lessons at
all; the average was less than 0.20 in the former group.
Genetic differences that are initially relevant to expertise
may be less important when large amounts of training and
practice have been provided.

2.4. Evidence of unusual capacities in autistic savants.  In
most case histories of idiot savants it is apparent that the
emergence of special skills is accompanied by obsessive
interest and very high degrees of practice (e.g., see Howe
1989a; 1989b; Howe & Smith 1988; Sloboda et al. 1985;
Treffert 1989). However, there a few reports of mentally
handicapped children who display remarkable specific
skills that seem to have been acquired without deliberate
training or instruction. Among the well-documented cases
are those of two child artists and a young musician; all three
were described as being autistic.

From the age of 4, one of the artists, a girl named Nadia,
was unusually slow, clumsy, and unresponsive, and spoke
hardly at all, but drew many remarkable pictures, usually of
horses, birds, and other animals. These pictures used ad-
vanced techniques to represent perspective, proportion,
foreshortening, and the illusion of movement; they also
showed impressive manual dexterity (Selfe 1977). The
drawing skills of the other child artist, Stephen Wiltshire,
are equally impressive (O'Connor & Hermelin 1987; Sacks
1995).

A 5-year-old autistic boy was described in Miller's (1989)
study of musical abilities in the mentally handicapped. Like
the artist Nadia, this boy was largely unresponsive to his
physical environment and severely retarded in language
development, with practically no speech. When confronted
with a piano keyboard, however, he could not only repro-
duce a heard melody but also transform the piece by
transposing it to a different key. He could improvise in ways
that conformed to the conventions of musical composition.

The abilities Miller observed seem to be based on a capacity
to encode the fundamental units quickly and efficiently and
to represent musical items in a complex knowledge system
that incorporated sensitivity to harmonic relationships,
scale or key constraints, melodic structure, and stylistic
norms.

The remarkable capacities of autistic musicians and art-
ists may seem to call for something close to the talent
account. At least in the cases of Nadia and the 5-year-old
boy described by Miller, their observed level of perfor-
mance was beyond anything encountered in nonautistic
children of comparable ages. Exactly why these children
could do things that others could not remains largely a
matter for speculation, although it is noteworthy that in
many documented cases the autistic individuals spent many
hours each day concentrating on their special interests.
There is no direct evidence that the causes are innate, and if
they do have an innate component, its main direct effect
may be to augment the individuals' obsession rather than
their specific skills as such.

3. Evidence appearing to contradict
the talent account

Section 2 examined various kinds of evidence that appears
to be consistent with the talent account. This section cites a
variety of findings in the opposite direction. Other reasons
for questioning the innate talent viewpoint are also intro-
duced.

3.1. Lack of early signs.  As noted in section 2.1, much of
the evidence pointing to very early indications of unusual
abilities is either retrospective or based on records supplied
by parents whose claims to have played no active role in
stimulating their children's progress are belied by other
information. Except in the case of a small number of autistic
children mentioned in section 2.4, there is no firm evidence
of exceptional early progress without above-average de-
grees of parental support and encouragement. This is not to
say that parental support or special opportunities and
training account for all instances of excellence.

Innate influences might operate in ways that do not
produce early signs, but to predict progress early evidence
of talent is necessary. Unidentifiable early influences can-
not be regarded as instances of talent, for the reasons given
in section 1.1.

We will first consider some studies of whether children
identified as unusually able by mid-childhood or later had
displayed any early signs of special qualities other than
those induced by early parental training or special encour-
agement.

It is important to keep in mind that early ability is not
evidence of talent unless it emerges in the absence of
special opportunities to learn. For example, it was once
thought that the ability of infants in certain parts of Africa to
sit and walk appreciably earlier than European children
must have a genetic basis, but Super (1976) showed that
this inference was wrong. Studying infants in a Kenyan
tribe, he confirmed that they did indeed display motor
capacities such as walking, standing, and sitting without
support a month or so earlier than children in other conti-
nents, but he also discovered that the only skills these
infants acquired earlier than others were those that their
mothers deliberately taught them. When genetically similar
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infants from the same tribe were brought up in an urban
environment in which parents did not provide the special
training given in traditional villages, the infants displayed
no motor precocity. Super reported a correlation of 2 0.9
between the age at which a baby began to crawl and a
measure of the extent to which parents encouraged crawl-
ing. These findings do not rule out the possibility that some
early differences have biological bases (Rosser & Randolph
1989), but they do show that this cannot be automatically
assumed.

Retrospective interview studies of the early progress of
individuals who eventually excel have provided little evi-
dence of early signs of promise. Sosniak (1985; 1990)
interviewed at length 21 outstanding American pianists in
their mid-thirties, who were on the brink of careers as
concert pianists. She also talked to their parents. There
were few indications of the musicians displaying signs of
future excellence while they were still very young. In most
cases, unusually fast progress followed rather than pre-
ceded a combination of good opportunities and vigorous
encouragement. Even by the time the young pianists had
received approximately six years of relatively intensive
training, it would have been possible to make confident
predictions about their eventual success in only a minority
of the cases. Similarly, a biographical study of 165 profes-
sional musicians in Poland produced very few reports of any
preschool behaviour predictive of unusual musicality (Man-
turzewska 1986). A longitudinal study of elite German
tennis players likewise found no early capacities that pre-
dicted tennis performance in early adulthood (Schneider
1993; see also Monsaas 1985). Interview studies of the
childhood progress of accomplished artists (Sloane &
Sosniak 1985), swimmers (Kalinowski 1985), and mathe-
maticians (Gustin 1985) reported very few early signs of
exceptional promise prior to deliberate parental encour-
agement.

Howe et al. (1995) studied the form and frequency of
early signs of musical ability in 257 children, only some of
whom made superior progress as performing musicians.
The investigators asked the parents to indicate whether
specific indicators of musical promise had occurred, and if
so, when. The parents were asked when their children first
sang, moved to music, showed a liking for music, were
attentive to music, or sought involvement in a musical
activity. Only with the first of these behaviours, early singing,
did those who were eventually most successful display
(slightly) earlier onset than the other children. In most of
these cases a parent regularly sang to the infant well before
any singing by the infant was observed (see also Howe &
Sloboda 1991a; 1991b; 1991c; Sloboda & Howe 1991).

Some authors have suggested that early interest and
delight in musical sounds may indicate innate musical
potential (Miller 1989; Winner & Martino 1993), but a
questionnaire found that these indicators failed as predic-
tors of later musical competence (Howe et al. 1995). In any
case, the assumption that even very early preferences must
be innate rather than learned is questionable. Small differ-
ences in the amount of attention infants give (for any of a
number of reasons) to different kinds of stimuli may elicit
increasingly different actions and responses, which eventu-
ally produce marked preferences and contribute to differ-
ences between young children in their patterns of abilities
(Renninger & Wosniak 1985; see also Slater 1995).

3.2. Evidence pointing to an absence of differences in
ease of learning between ªtalentedº individuals and
others.  Differences in rate or ease of acquisition of a
capacity could reflect a specific talent, but only if other
influences are ruled out. This is not easy to do. Confound-
ing variables such as the degree of familiarity with task
items may influence performance even in simple memory
tasks based on highly familiar numbers (Chi & Ceci 1987;
Miller & Gelman 1983).

Investigations of long-term practice effects provide some
relevant evidence. Sloboda et al. (1996; see also Sloboda
1996) found no significant differences between highly suc-
cessful young musicians and other children in the amount
of practice time they required to make a given amount of
progress between successive grades in the British musical
board examinations. Group differences in average progress
were no greater than would have been expected from the
differences in the amount of time spent practising. Consis-
tent with these results, Hayes (1981) and Simonton (1991)
found that all major composers required long periods of
training (see also Ericsson & Lehmann 1996; Howe 1996a;
1996b; 1997). Hayes (1981) concludes that at least 10 years
of preparation are necessary. Simonton (1991) considers
this an underestimate of the amount of time required. He
estimates that, on average, prominent composers produced
the first of their compositions to gain a secure place in the
classical repertoire between the ages of 26 and 31, having
begun music lessons around the age of 9 and started
composing at around age 17. Chess players likewise need at
least 10 years of sustained preparation to reach interna-
tional levels of competitiveness (Simon & Chase 1973) and
those who begin in early childhood take even longer
(Krogius 1976). Comparable periods of preparation and
training are essential in various other areas, including
mathematics (Gustin 1985), X-ray and medical diagnosis
(Patel & Groen 1991), and sports (Kalinowski 1985; Mon-
saas 1985; see also Ericsson et al. 1993b).

3.3. Exceptional levels of performance in ªuntalentedº
people.  A body of findings hard to reconcile with the talent
account comes from experiments on ordinary adults who
are given large amounts of training at skills that make heavy
demands on memory (Ceci et al. 1988; Chase & Ericsson
1981) or perception (Ericsson & Faivre 1988). In some
instances, the trained subjects achieved performance levels
far higher than what most people (including experts in the
psychology of learning and memory) had believed possible.
Uninformed observers assumed that the participants must
have had a special innate aptitude. There have been similar
findings in studies of job-related skills in waiters (Ericsson
& Polson 1988) and bar staff (Bennett 1983). The cocktail
waitresses in Bennett's study could regularly remember as
many as 20 drink orders at a time: their performance was
considerably better than that of a control group made up of
university students. It is conceivable that people who are
employed as waiters and bar staff gravitate to such jobs
because of an inborn memory skill, but the Chase and
Ericsson findings make it far more likely that employees
excel in recalling orders because of on-the-job practice.

Accomplishments that are rare in one culture but rela-
tively common in another also implicate learning rather
than innate aptitude. In certain cultures very high levels of
skill (by Western standards) have been observed in children
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swimming and canoeing (Mead 1975), in land navigation
over apparently featureless terrains (Lewis 1976) and mar-
itime navigation across open water. Certain musical accom-
plishments are also considerably more widespread in some
non-Western cultures than in our own (Blacking 1973; Feld
1984; Marshall 1982; Merriam 1967; Messenger 1958;
Sloboda et al. 1994a; 1994b), and Australian desert aborigi-
nal children perform better than white subjects on certain
visual memory tasks (Kearins 1981). The fact that such
precocious development of some skills in infants disappears
when parents do not apply traditional training customs
(Super 1976, see sect. 3.1) suggests that cultural variability
in performance is caused by differences in opportunities to
learn.

3.4. Conceptual difficulties with the notion of talent.  There
are certain conceptual and logical problems with the idea
that talent contributes to exceptional human abilities. In
everyday discourse reasoning about talent is often circular,
for example: ªShe plays so well because she has a talent.
How do I know she has a talent? That's obvious, she plays so
well!º

Even among researchers who use the concept of talent
for explanatory purposes, the supporting evidence is based
on its alleged effects. Like many scientific constructs, talent
is not observed directly but is inferred. There is nothing
wrong with this, but one must be certain that the findings
cannot be accounted for more plausibly without introduc-
ing the talent concept (Howe 1988a; 1988b; 1990b; 1990c,
1996b; Sloboda et al. 1994a; 1994b).

4. Alternative influences contributing to the
phenomena attributed to the effects of talent

The causes of exceptional abilities may not be qualitatively
different from those of less exceptional abilities in ordinary
people. The links between high abilities and experiences
that promote learning have been extensively discussed
elsewhere (e.g., Berry 1990; Howe 1990a). Here we will
consider the contribution of training and practice to various
kinds of expertise.

Many dimensions of human variability may influence an
individual's learning experiences and that person's eventual
patterns of ability. These include: 1. relevant prior knowl-
edge and skills; 2. attentiveness, concentration, and distrac-
tibility; 3. interests and acquired preferences; 4. motivation
and competitiveness; 5. self-confidence and optimism; 6.
other aspects of temperament and personality; 7. enthusi-
asm and energy level; 8. fatigue and anxiety.

Variations in opportunities and experiences, and in the
appropriateness of training and the effectiveness of learn-
ing, practice, and testing procedures are also influential.

4.1. Evidence from studies of practising.  Dramatic effects
of training and practice on ordinary people were discussed
in section 3.3. Even those who are believed to be excep-
tionally talented, whether in music, mathematics, chess, or
sports, require lengthy periods of instruction and practice
(Charness et al. 1996; Ericsson & Charness 1994; Ericsson
et al. 1993; Starkes et al. 1996). Music is an area of com-
petence thought to be especially dependent on talent
(Davis 1994; O'Neill 1994); hence practice effects in other
areas of competence are likely to be at least as strong as in
music.

Ericsson and his coworkers (Ericsson et al. 1990; 1993a)
have found strong correlations between the level of perfor-
mance of student violinists in their 20s and the number of
hours that they practiced. By the age of 21 the best students
in the performance class of a conservatory had accumulated
approximately 10,000 hours of practice, compared with less
than half that amount for students in the same institution
who were training to be violin teachers. Differences of
similar magnitude were found in a study comparing expert
and amateur pianists (Krampe 1994). Measures of the
accumulated number of practice hours since instrumental
lessons began were good predictors of within-group as well
as between-group differences in performance. Studies of
expert musicians by Manturzewska (1990), Sloboda and
Howe (1991), and Sosniak (1985) provide further evidence
that regular practice is essential for acquiring and maintain-
ing high levels of ability. Furthermore, considerable help
and encouragement is required by all young players, even
those thought by their teachers and parents to be highly
talented, if they are to maintain the levels of practice
necessary to achieve expertise (Sloboda & Howe 1991; see
also sect. 4.2).

Sloboda et al. (1996) supplemented retrospective data on
practice with concurrent diary-based information. They
confirmed the strong positive correlation between practice
and achievement, which was largest for the more formal
and deliberate kinds of practice activities, such as scales and
exercises. Achieving the highest level (Grade 8) of the
British Associate Board examinations in performing music
required an average of approximately 3,300 hours of prac-
tice irrespective of the ability group to which the young
people in the study were assigned. This suggests that
practice is a direct cause of achievement level rather than
merely a correlate of it.

Correlations between measures of performance and
amounts of practice by music students range from approx-
imately 1 0.3 to above 1 0.6 (Lehmann 1995). It is likely
that these figures substantially underestimate the real mag-
nitude of the relationship between performance and prac-
tice, for the following reasons: (1) The performance mea-
sures provided by grade levels are inexact indicators of
attainment; and (2) global measures of practice time take
into account neither the effectiveness of the particular
practice strategies nor the role of other potentially influen-
tial factors such as the student's level of alertness, enthusi-
asm, and determination to do well. Kliegl et al. (1989) have
confirmed that the intensity and quality of practice are as
important as the sheer amount of it. Of course, the finding
that practice is a major determinant of success does not rule
out inherited influences; some traits that affect practising,
such as the capacity to persist, may have innate compo-
nents, but such components would not constitute ªtalents,º
as required by the talent account.

To summarise, there may be little or no basis for innate
giftedness for the following reasons: (1) the lack of convinc-
ing positive evidence (sect. 2); (2) the substantial amount of
negative evidence (sect. 3); (3) the finding that even crude
retrospective measures of practice are predictive of levels
of performance (sect. 4.1); (4) the observation by both
Hayes (1981) and Simonton (1991) that ªtalentedº individ-
uals do not reach high levels of expertise without substantial
amounts of training (sect. 3.2); (5) the evidence of Ericsson
and others (Ericsson & Faivre 1988) that people who are
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assumed to possess no talent are capable of very high levels
of performance when given sufficient opportunities for
training (sect. 3.3); and (6) the apparent absence of differ-
ences in the amount of practice time required by the most
and least successful young musicians to make an equivalent
amount of progress (sects. 3.2 and 4.1). The conclusion is
reinforced when some of the other measurable factors
known to contribute to variability in performance are taken
into account: opportunities, preparatory experiences, en-
couragement, support, motivation, self-confidence, perse-
verance, and single-minded concentration (Howe 1975;
1980). To these influences must also be added differences
in quality of instruction, effectiveness of practice strategy,
and degree of enthusiasm.

4.2. Criticisms and counterarguments.  There has been
considerable opposition to the suggestion that the influence
usually attributed to talent can be accounted for by the
many known determinants of performance levels (includ-
ing hereditary ones) that fall outside the definition of talent
(Davidson et al. 1996; Ericsson et al. 1993a; Sloboda &
Howe 1991; 1992; Sloboda et al. 1994a; 1996). A first
objection is that the evidence linking practice to progress is
largely correlational. Most of the findings take the form of
data showing that the more a person trains and practices,
the higher that individual's level of performance. These
correlations could merely indicate that individuals who are
successful in and committed to a field of expertise are likely
to spend more time practising than those who are less
successful.

One counterargument is that the findings closely parallel
those obtained in training studies in which amounts of
practice have been deliberately manipulated (Ericsson et
al. 1990). Also relevant is the finding by Sloboda et al.
(1996) that the rate of progress of young musicians in a
given year is most highly correlated with the amount of
practice and teacher input in that same year, whereas if the
correlation simply reflected differing lifestyles of more and
less successful performers, the amount of progress in one
year would be more highly correlated with the amount of
practice in the following year.

It is conceivable that some children practice more than
others because they have some kind of innate potential that
encourages them to do so. However, as Sloboda & Howe
(1991) and Howe and Sloboda (1991b) discovered, even
among highly successful young musicians, the majority
freely admit that without strong parental encouragement to
practice they would never have done the amounts of regular
practising needed to make good progress. Strong and
sustained parental encouragement to practice was evident
in virtually all successful young musicians (Davidson et al.
1996). It is conceivable that the parents who gave the most
support did so because they detected signs of special
potential, but that seems unlikely in view of the failure to
find early signs of excellence in those children who later
excelled (sect. 3).

Of course, a parent's beliefs about a child's putative
talents can affect parental behaviours; hence such beliefs
may indirectly affect a child's performance (e.g., Brophy &
Good 1973). As noted in section 1, it is also true that self-
beliefs can predict future performance (Dweck 1986;
Sloboda et al. 1994a; Vispoel & Austin 1993). However, the
question at issue is whether talent as such, as distinct from

an individuals' beliefs about its presence, influences a
child's attainments.

A second objection is that although differences in train-
ing, practice, and other aspects of an individual's experi-
ences can go a long way toward accounting for differences
in technical skills, they fail to account for those differences
in less tangible traits, such as expressivity or creativity, that
separate the most exceptional performers from others. This
objection represents a certain shifting of the goalposts
when it is introduced as an argument for the existence of
talent. Nevertheless, it needs to be considered. Expressivity
in music has been discussed by Sloboda (1996), who argues
that although technical skills must be acquired ab initio by
extensive instrument-specific practice, some expressive ac-
complishments may occur rather early through an applica-
tion of existing knowledge (such as emotional signals, ges-
tures, and other bodily movements) to the domain of music.
People might differ in musical expressivity in the absence of
any differences in music-specific practice for a variety of
reasons, one being that people differ in their levels of
nonmusical expressivity. Expressive ability may thus appear
to arise in the absence of overt evidence of practice or
teaching, but this does not mean it is innate.

A third possible objection is that although practice,
training, and other known influences may jointly account
for performance differences in the majority of people, there
could be a small number of individuals to whom this does
not apply. Evidence to support this objection is lacking,
however.

The fourth criticism is that, although comparisons be-
tween more and less successful groups of people may not
have revealed differences in the amount of practice needed
to achieve a given amount of progress (Sloboda et al. 1996),
this does not demonstrate that such differences do not exist
at an individual level, and there is some evidence that they
do (Charness et al. 1996). In future research on practising it
would be desirable to pay more attention to individual
differences. However, as reported in section 3.2, no case
has been encountered of anyone reaching the highest levels
of achievement in chess-playing, mathematics, music, or
sports without devoting thousands of hours to serious
training.

5. Summary and conclusion

We began this target article by describing the widespread
belief that to reach high levels of ability a person must
possess an innate potential called talent. Because the belief
in talent has important social and educational conse-
quences that affect selection procedures and training poli-
cies, it is important to establish whether it is correct. Belief
in talent may also act as a barrier to further exploration of
the causes of excellence in specific domains of ability.

To ensure that our use of the term coincided with that of
scientific researchers as well as teachers and practitioners,
we suggested that: (1) A talent has its origin in genetically
transmitted structures; (2) there are early indicators of
talent; (3) talent provides a basis for estimating the proba-
bility of excelling; (4) only a minority of individuals have
special talents; and (5) the effects of a talent will be
relatively specific.

In examining the evidence and the arguments for and
against the talent account, we began in section 2 by consid-
ering positive findings. We examined evidence that certain
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young children excel without special encouragement and
that some children are born with special capacities that
facilitate the acquisition of particular abilities. There
proved to be little evidence of early accomplishments that
could not be explained by other known determinants of
early progress. We also found no evidence of innate attri-
butes operating in the predictable and specific manner
implied by the talent account, apart from autistic savants
whose exceptional skills appear to stem from an involuntary
specialization of their mental activities.

Section 3 surveyed evidence contrary to the talent ac-
count. The absence of early signs of special ability was
discussed. Where early precocity is encountered, it is in-
variably preceded by ample opportunities and encourage-
ment. In addition, when prior differences in knowledge,
skills, motivation, and other factors known to affect perfor-
mance are controlled for, there is little evidence of individ-
ual differences in ease of learning. High levels of accom-
plishment invariably require lengthy and intensive training,
and even people who are not believed to have any special
talent can, purely as a result of training, reach levels of
achievement previously thought to be attainable only by
innately gifted individuals (sect. 3.3). There are also logical
and conceptual arguments against the notion that talent is
explanatory (sect. 3.4).

Section 4 examined alternatives to the talent account.
Large amounts of regular practice were found to be essen-
tial for excelling. Studies of long-term practice and training
suggest that individual differences in learning-related expe-
riences are a major source of the variance in achievement.

The evidence we have surveyed in this target article does
not support the talent account, according to which excelling
is a consequence of possessing innate gifts. This conclusion
has practical implications, because categorising some chil-
dren as innately talented is discriminatory. The evidence
suggests that such categorisation is unfair and wasteful,
preventing young people from pursuing a goal because of
the unjustified conviction of teachers or parents that certain
children would not benefit from the superior opportunities
given to those who are deemed to be talented.

We do not claim to have a full or precise answer to the
question: ªIf talents do not exist, how can one explain the
phenomena attributed to them?º However, we have listed a
number of possible influences, and evidence of their ef-
fects.

Innate talents are inferred rather than observed directly.
One reason for assuming that they exist at all has been to
explain individual differences, but these can be accounted
for adequately by experiential ones such as training and
practice, as well as biological influences that lack the
specificity and predictable consequences associated with
the notion of talent.

It could be argued that the talent account is not totally
wrong, but simply exaggerated and oversimplified. In our
list of the five defining attributes of innate talents (sect.
1.1), two are relatively unproblematic: (1) Individual differ-
ences in some special abilities may indeed have partly
genetic origins, and (4) there do exist some attributes that
are possessed by only a minority of individuals. In this very
restricted sense, talent may be said to exist.

One might argue for retaining the concept of talent even
though the other three criteria are not met. If the underly-
ing issues were exclusively academic this would be reason-
able. ªTalentº would be the place-holder for the as yet

unmapped influence of biology on special expertise. In
practice, however, the other three attributes ± (2) being
identifiable before the emergence of high ability, (3) pro-
viding a basis for predicting excellence, and (5) being
domain-specific ± are crucial, because it is precisely these
attributes that are the ones regarded by practitioners as
justifying selectivity and discrimination.
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Commentary submitted by the qualified professional readership of this
journal will be considered for publication in a later issue as Continuing
Commentary on this article. Integrative overviews and syntheses are
especially encouraged.

Testing the limits of the ontogenetic sources
of talent and excellence

Paul B. Baltes
Max Planck Institute for Human Development, Berlin, Germany;
sekbaltes@mpib-berlin.mpg.de

Abstract: Experiential factors such as long-term deliberate practice are
powerful and necessary conditions for outstanding achievement. Nev-
ertheless, to be able to reject the role of biology based individual differ-
ences (including genetic ones) in the manifestation of talent requires
designs that expose heterogeneous samples to so-called testing-the-limits
conditions, allowing asymptotic levels of performance to be analyzed
comparatively. When such research has been conducted, as in the field of
lifespan cognition, individual differences, including biology based ones,
come to the fore and demonstrate that the orchestration of excellence
requires joint attention to genetic±biological and experiential factors.

Rarely is the scientific evidence sufficient to allow unequivocal
conclusions to be drawn when it comes to the issue of disentan-
gling genetic and experiential factors in human development
(Baltes et al. 1988), yet scholars are tempted to take extreme
positions. This applies also to Howe et al. Their abstract, for
example, carries a single message: ªAnalysis . . . suggests that
differences in early experiences, preferences, opportunities,
habits, training and practice are the real determinants of excel-
lence.º

I agree that the factors listed are powerful ones, and that the
ontogenetic collaboration produces manifestations that we may
call ªexcellentº (Baltes 1997; Baltes et al. 1997). What I object to,
however, is that the summarizing sentence and the general tone of
the target article suggest that biology based, ªinnateº individual
differences are not part of the ensemble. Here, my interpretation
of the evidence presented, and of other evidence, is different. To
make my point, I shall refer to one of my primary research
interests, the study of lifespan cognitive development (Baltes
1993; 1997; Baltes et al., in press), to present contradictory
evidence and to illustrate the kind of research needed to exclude
the contribution of individual differences involving biology based
genetic factors.

In the field of lifespan cognitive development, one of the
perennial problems has been to determine whether individual
differences associated with age set limits to what experience and
individual commitment can accomplish. Not unlike most of the
research summarized by Howe et al. on the question of talent,
much of the evidence was based on designs that are limited in
inferential power by definition: criterion-group comparisons, post
hoc life-history analyses, quasiexperimental designs, and the like.
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Unsurprisingly, the evidence was mixed. Depending on the re-
searcher's starting viewpoint, different conclusions were possible.
Using strict scientific logic, what was studied, and how it was
studied could not answer the question.

An important advance was the introduction of a new research
paradigm: testing-the-limits (Baltes 1987; Kliegl & Baltes 1987;
Lindenberger & Baltes 1995), the search for maximum perfor-
mance potential, for example, through cognitive±motivational
engineering and extensive practice. With this paradigm, extreme
conditions of both experiential (e.g., practice) and individual-
difference factors (e.g., young versus old subjects) can be studied,
thereby providing a joint view on both.

A two-pronged conclusion resulted: Yes, the orchestration of
experiential and practice factors produces outstanding levels of
performance in all age groups and for many individuals, yet, if
maximum levels or limits of performance (in the sense of asympto-
tic levels of potential) are studied by means of testing-the-limits
procedures, older adults did not reach the same asymptotes as
younger ones did. Moreover, as subjects reached higher and
higher levels of performance, individual differences were main-
tained or even increased. Let me summarize one research pro-
gram to make the need for testing the limits of ªtalent-relevant
resourcesº more concrete.

Our focus was on exceptional memory performance, a domain
that is often used as a candidate for exceptional talent (Baltes &
Kliegl 1992; Kliegl et al. 1990). When people participated in 36
sessions of intensive and organized training in a memory tech-
nique (the method of loci) that can be used to reach exceptionally
high levels of memory performance, all of them benefitted from
this intervention. If continued beyond 36 sessions (Kliegl et al.
1987), people reached levels approaching those of memory ex-
perts. This finding is consistent with those reported in Howe et al.

This testing-the-limits work, however, produced an equally
convincing second finding that highlighted the fundamental sig-
nificance of individual differences. As subjects were pushed to-
ward the limits (asymptotes) of their maximum performance
potential, individual differences were magnified (Baltes & Kliegl
1992). The conclusion is clear: the talent for being a memory
expert reflects both experiential and individual-differences fac-
tors. In this case, because of the age association and extreme
robustness of the individual difference finding, the likelihood is
high that biology based factors are involved (see Lindenberger &
Baltes 1995 for further expositions).

Howe et al. make some use of our work, but their interpretation
is one sided (sect. 4.1). They select only one of the two main
findings, that is, the finding of major training gains for all. The
equally compelling evidence of sizeable individual differences in
acquisition curves and maximum performance potential is ig-
nored. Moreover, they ignore that, contrary to their view (sect.
2.3), the correlation between the skill trained in this testing-the-
limits experiment and a multivariate measure of intelligence was
larger at the end of training (Kliegl et al. 1990).

Howe et al. are likely to argue that research into age-associated
individual differences of asymptotes in performance potential is
not a direct analogue to the cases of talent and excellence they
have pursued. However, they will need to acknowledge that
practically none of their studies used research designs that fulfill
the minimum requirement of experimentation: the a priori assign-
ment of a random or heterogeneous sample of individuals to
different constellations of performance and the analysis of cu-
mulative progress toward asymptotic limits of performance. My
hypothesis is clear: if such testing-the-limits studies were con-
ducted, the biological individual-differences factors of talent, and
excellence, if they exist, would come to the fore and be part of the
ensemble (see also: Fox et al. 1996). I reach this conclusion despite
my long-term commitment to highlighting the cultural and experi-
ential in the production of excellence in human development (e.g.,
Baltes 1997; Baltes et al., in press).

Superiority on the Embedded Figures Test
in autism and in normal males: Evidence
of an ªinnate talentº?

Simon Baron-Cohen
Departments of Experimental Psychology and Psychiatry, University of
Cambridge, Cambridge, CB2 3EB, England, United Kingdom;
sb205@cus.cam.ac.uk

Abstract: Howe et al. suggest that most talents can be explained in terms
of practice and other environmental effects, and only exceptionally by
innate factors. This commentary provides an illustration of one such
exception: performance on the Embedded Figures Test by people with
autism and their relatives.

It is hard to argue with Howe, Davidson & Sloboda's reasonable
conclusion that excelling is not necessarily a consequence of
innate gifts, in the face of their compelling evidence in support of
the alternative theory, namely, that excelling often only occurs
after large amounts of regular practice, training, and learning-
related experiences. Theirs is not only an eminently balanced
position (after all, they do not deny that innate talents may exist),
but its implications are altogether far more attractive socially and
politically in implying that excellence is in theory accessible to
everyone, given the relevant environmental conditions.

In this commentary, I provide an example of a talent that seems
strongly heritable, and that fits the restricted sense in which Howe
et al. allow that innate talents may exist. In their view, innate
talents may exist in the sense that: (1) individual differences in a
special ability may be partly genetic, and (2) some attributes are
only possessed by a minority of individuals (see sect. 5). In my
view, a perfect example of this is superiority on the Embedded
Figures Test (EFT) by both normal males and people with autism.

The Embedded Figures Test and normal males.  In the EFT,
the person is shown a simple shape (the target) and asked to find it
as quickly and as accurately as possible in a larger complex design
in which it is embedded. Two examples of the test are shown in
Figure 1 (the first from the children's test, the second from the
adult test). In the original reports of this test (Witkin et al. 1962), it

Figure 1 (Baron-Cohen). Two examples from the Embedded
Figures Test. (Reproduced with permission.)
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was found that males are significantly faster than females at
finding the embedded target figure. During the last 40 years, this
result has been replicated extensively. In our own studies, we have
also demonstrated this male superiority effect (Baron-Cohen &
Hammer 1997a).

Note that this should not be interpreted in any ̀ sexist' light, as it
is by no means obvious that just because one's perceptual pro-
cesses can disembed the target more quickly, they are in any sense
better. Rather, the author of the test interpreted this sex difference
purely in terms of a difference in cognitive ªstyle,º with no
implication that those who are quicker on the EFT are better or
worse than those who are slower. Those who are quick on the EFT
are sometimes referred to as being more ªfield independentº in
their cognitive style.

This male superiority on the EFT may well reflect an innate
talent in that it is hard to see how males could have had large
amounts of practice or training when the sex difference is found on
the first presentation of the test. One might try to construct an
argument in terms of how parents' choice of toys for little boys
gives them an implicit opportunity to learn how to disembed, but
this is rather post hoc and undemonstrated. On the face of it, there
is nothing quite like the EFT in our early environment that could
account for the sex differences in terms of exposure, learning, and
practice, in which case it could well be owing to genetic factors.

The Embedded Figures Test and autism.  So much for fitting
Howe et al.'s first criterion (individual differences). What makes
performance on the EFT even more likely to reflect an innate
talent is that it also fits their second criterion (possessed only by a
minority of individuals). Here the relevant data are from people
with autism or Asperger's syndrome.1 Both conditions are likely to
be caused by genetic factors, on the evidence from family and twin
studies (Bolton et al. 1994; Folstein & Rutter 1977; Gillberg 1991;
Le Couteur et al. 1996). Of most relevance to this commentary,
children with autism perform above their mental age on the
children's version of the EFT (Shah & Frith 1983), and adults with
autism are faster on the adult version of the EFT (Jolliffe & Baron-
Cohen 1997).

What makes EFT performance seem strongly genetic is the
finding that parents of children with autism or Asperger syndrome
are also faster on this test (Baron-Cohen & Hammer 1997a). The
EFT results from (1) normal males, (2) people with autism or
Asperger syndrome, and the latter's first-degree relatives, in con-
junction with other data, have led to the theory that autism is an
extreme of the normal male brain (Baron-Cohen & Hammer
1997b).

The example we have provided does not contradict Howe et al.'s
general thesis, and is described to illustrate the restricted sense in
which innate talents may exist. Of course, even the evidence
reviewed here does not prove that performance on the EFT is
owing to genetic factors. It simply suggests it strongly. A demon-
stration, if it comes, will require identifying genes that contribute
to EFT performance, together with evidence concerning how
those genes actually function in relation to this aspect of cognition.
Such genes are unlikely to be specific to performance on this kind
of task and may instead be secondary to some more basic aspect of
cognition.

NOTE
1. Asperger's syndrome is thought to lie on the autistic spectrum. It is

diagnosed when an individual shares all of the features of autism (e.g.,
social abnormalities, communication abnormalities, and limited imagina-
tion in early development) but does not show any history of either general
cognitive or language delay, which are part of the diagnosis of autism (APA
1994).

Could the answer be talent?

Urie Bronfenbrenner and Stephen J. Ceci
Department of Human Development and Family Studies, Cornell University,
Ithaca, NY 14853; ub11@cornell.edu; sjc@cornell.edu

Abstract: We present a theoretical model and corresponding research
design (Bronfenbrenner & Ceci 1994) that could yield stronger evidence
for (or perhaps against) Howe et al.'s conclusions. The model assesses
levels of heritability (h2) under different amounts of training and practice,
thus providing estimates of the independent contribution of ªinnate
talentº to the quality of development outcomes. The design can also reveal
the extent to which this independent contribution varies systematically as a
function of other influential factors identified by Howe et al.

In their thoughtful, judicious, and otherwise remarkably compre-
hensive review, Howe, Davidson & Sloboda present a detailed and
compelling argument. As they note, the results of studies on both
sides of the issue are open to alternative interpretations. Under
these circumstances, an appropriate next step is to consider
theoretical models and corresponding research designs that could
yield stronger evidence for ± or perhaps against ± their admirably
qualified conclusions.

With an equal degree of tentativeness, we suggest a theoretical
model and corresponding research design that may enable future
investigators to address questions about the relative contribution
of innate versus environmental influence on giftedness. Because
of space limits, the model can be presented here only in con-
densed form (for details, see Bronfenbrenner & Morris 1998). The
potential strength of the model is based on testing of heritability
(h2) levels under contrasting amounts of training and practice,
which allows the independent contribution of ªinnate talentº to
the quality of development outcomes to be estimated. The corre-
sponding research design also allows the investigator to estimate
how the independent contribution varies systematically as a func-
tion of other influential factors mentioned by Howe et al. (Abstract
and sect. 5).

The proposed ªbioecological modelº redefines several of the key
assumptions underlying the classical paradigm of behavior ge-
netics to arrive at formulations that we would view as more
consonant with contemporary theory and research in the field of
human development. In addition to incorporating measures of
environmental and individual characteristics and allowing for
nonadditive, synergistic effects in gene/environment interaction,
the model posits empirically assessable mechanisms, called ªprox-
imal processes,º through which genetic potentials for effective
psychological functioning are actualized.

These processes become the focus of the first defining property
of the bioecological model:

Proposition I.  Especially in its early phases, but also throughout
the life course, human development takes place through processes
of progressively more complex reciprocal interaction between an
active, evolving biopsychological human organism and the per-
sons, objects, and symbols in its immediate external environment.
To be effective, the interaction must occur on a fairly regular basis
over extended periods of time. Such enduring forms of interaction
in the immediate environment are referred to as ªproximal pro-
cessesº (Bronfenbrenner & Ceci 1994, p. 572).

Examples of proximal processes are found in such ongoing
behaviors as feeding or comforting an infant, playing with a young
child, child±child activities, group or solitary play, reading, learn-
ing new skills, sports, artistic activities, problem solving, caring for
others in distress, making plans, performing complex tasks, and
acquiring new knowledge, and know-how. In sum, proximal pro-
cesses are posited as the primary engines of development.

A second defining property identifies the fourfold source of
these dynamic forces.

Proposition II.  The form, power, content, and direction of the
proximal processes affecting development vary systematically as a
joint function of the characteristics of the developing person; of the
environment ± both immediate and more remote ± in which
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the processes are taking place; the nature of the developmental
outcomes under consideration; and the social continuities and
changes occurring over time through the life course and the
historical period during which the person has lived (Bronfenbren-
ner & Ceci 1994, p. 572).

Propositions I and II are theoretically interdependent and
subject to empirical test. A research design that permits their
simultaneous investigation is referred to as a ªProcess-Person-
Context-Time modelº (PPCT).

A third defining property bears directly on the questions posed
and the conclusions reached by the present authors.

Proposition III.  Proximal processes serve as a mechanisms for
actualizing genetic potential for effective psychological develop-
ment, but their power to do so is also differentiated systematically
as a joint function of the same three factors stipulated in Proposi-
tion II (Bronfenbrenner & Ceci 1994, p. 572).

Taken together, the three foregoing propositions provide a basis
for deriving the following specific hypotheses. (For the theoretical
and empirical grounds underlying these hypotheses and the gen-
eral model from which they are derived, see Bronfenbrenner &
Ceci 1994, pp. 572±84; and also Bronfenbrenner & Morris 1998.)

Hypothesis 1.  Proximal processes raise levels of effective devel-
opmental functioning, and thereby increase the proportion of
individual differences attributable to actualized genetic potential
for such outcomes. This means that heritability (h2) will be higher
when proximal process are strong, and lower when such processes
are weak (Bronfenbrenner & Ceci 1994, p. 572).

Hypothesis 2.  The power of proximal processes to actualize
genetic potentials for developmental competence (as assessed by
an increase in h2) will be greater in advantaged and stable
environments than in those that are disadvantaged and disor-
ganized (Bronfenbrenner & Ceci 1994, p. 578).

The final hypothesis opens the door for the design of experi-
mental programs that could further the actualization of both of
general and special talents.

Hypothesis 3.  If persons are exposed over extended periods of
time to settings that provide developmental resources and encour-
age engagement in proximal processes to a degree not experi-
enced in the other settings in their lives, then the power of
proximal processes to actualize genetic potentials for developmen-
tal competence will be greater for those living in more disadvan-
taged and disorganized environments (Bronfenbrenner & Ceci
1994, p. 579).

Note that the foregoing hypothesis stands in sharp contrast to its
predecessor, in which proximal processes were posited as exerting
a more powerful effect ªin advantaged and stable environments
than in those that are disadvantaged and disorganized.º (For the
theoretical basis and supportive evidence for this contradictory
prediction see Bronfenbrenner & Morris 1998.)

We conclude by reminding the reader that, supportive evidence
notwithstanding, all three of the foregoing hypotheses still need to
be tested. The field is indebted to Howe et al. for providing a
comprehensive background against which to formulate and test
these hypotheses.

Explaining exceptional performance:
Constituent abilities and touchstone
phenomena

Neil Charness
Psychology Department, The Florida State University, Tallahassee, FL
32306-1270; charness@psy.fsu.edu; www.psy.fsu.edu/~charness

Abstract: Investigations of innate talent should narrow the definition of
talent to deal with constituent abilities, identify touchstone phenomena,
and provide detailed explanations of these phenomena. A list of relevant
phenomena is proposed.

Howe et al. are to be commended for initiating a debate on
whether talent is a useful explanatory construct for exceptional

performance. Enormous individual differences between experts
and amateurs are likely candidates for innate talent explanations.
However, evidence cited in our earlier review (Ericsson & Char-
ness 1994; 1995) and studies of the skill acquisition process itself
indicate that ordinary learning processes are adequate to explain
such extraordinary performance. Also, skill acquisition studies
help researchers avoid the fundamental attribution error of talent
(Charness et al. 1996): attributing exceptional performance to
talent (disposition) rather than to deliberate practice (situations).
The many hours of practice that usually underlie exceptional
performance remain as out of sight to the casual observer as the
base of a floating iceberg.

There are a few weaknesses in the approach by Howe et al. One
is choosing too broad a definition of talent to permit a fair test of
innate factors. Another is the omission of some phenomena that
are central to understanding exceptional performance. A broad
definition of talent may make it difficult to find genetic contribu-
tions. Studying narrower constituent behaviors seems like a more
promising way to identify innate talent components; examples are
Bouchard et al.'s (1996) model of drives and capacities and
Gardner's (1983) learning and forgetting rates for domain-related
material. Careful experimental studies of expertise already pro-
vide the level of detail needed to identify constituents of task
performance.

A second weakness may be a failure to consider a broad enough
range of phenomena for exceptional performance. A useful
heuristic for developing a field is the identification of touchstone
phenomena (e.g., Newell 1990). Below are some that range from
individual to societal ones. References are given for those that are
not stressed by Howe et al.

1. Children who are prodigies.
2. Absence of early signs of exceptional abilities that predict

later exceptional performance.
3. An apparent critical period for facile development of abso-

lute pitch in musicians.
4. Individual differences in time taken to attain expertise

among experts.
5. Power law learning for human skills (e.g., Newell & Rosen-

bloom 1981).
6. The skilled memory effect for domain material compared to

randomly arranged domain elements (e.g., Chase & Simon 1973).
7. Why deliberate practice is superior to general practice for

skill acquisition.
8. The constant progress with practice for children playing

musical instruments.
9. The 10-year requirement for attaining elite performance in a

domain.
10. The apparently critical role of parents and coaches in

developing skill.
11. The log-linear relation between maximal performance and

population size (Charness & Gerchak 1996).
12. The characteristic backward inverted J-shaped function for

(career) age and achievement (Simonton 1997).
13. Historical trends for improvements in peak performance

(e.g., Ericsson & Lehmann 1996).
In some cases, the phenomenon is a robust, well-replicated one

(power law learning), but in other cases, we need replication (e.g.,
constant progress with practice in music).

The challenge for researchers is to agree on list entries and to
propose explanations that would sort the phenomena into catego-
ries (e.g., innate, acquired). What would constitute a good ap-
proach to explanation? Information processing models have been
remarkably successful in explaining human performance, partic-
ularly simulation models that actually perform the task under
discussion. Frameworks such as the Model Human Processor
(Card et al. 1983) stress the identification of parameters such as
working memory capacity, learning rates, and forgetting rates.
Rate variables for domain-related materials have already been
proposed as potential mechanisms underlying talent.

One way to identify and explain talent would be to demonstrate
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reliable individual differences in information-processing parame-
ters that relate strongly to performance in music, chess, mathe-
matics, and languages. Failure to observe such predicted relations,
assuming adequate power in the design, could refute such talent
hypotheses.

Although, like Howe et al., I am pessimistic about the viability of
the talent concept, I am optimistic that their target article will
stimulate the field to explore and explain the phenomena sur-
rounding exceptional performance.
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Fruitless polarities

Mihaly Csikszentmihalyi
Department of Psychology, The University of Chicago, Chicago, IL 60637;
miska@cicero.uchicago.edu

Abstract: Clear evidence of large individual differences in children's
performance in talent areas can be explained either in terms of innate gifts
(the ªtalent accountº) or in terms of early exposure (the ªno talent accountº
proposed by Howe et al.). At this point, there is no conclusive support for
either account, and it is doubtful that talent could be explained exclusively
by only one of them.

Flogging the dead horse of the nature versus nurture controversy
is particularly useless in the context of talent. Whatever we mean
by it, it is clear that talent involves both personal qualities based on
innate differences, and social opportunities, supports, and re-
wards. To claim exclusively environmental causes for exceptional
performance as Howe et al. do is as misguided as the opposite,
exclusively genetic explanation.

Howe et al. are right in arguing that talent is essentially a social
construction; we label as such performances that at some historical
moment we happen to value. In many preliterate societies, men
who suffered from epileptic seizures were thought to have a gift
for communicating with supernatural forces, and their ªtalentº
was given respect and recognition. At present, talent is generally
attributed to children with high IQs, but the cut-off point varies
tremendously, depending on the ideology of a particular commu-
nity. In Korea and Taiwan, only students who are at least 2
standard deviations above the IQ mean are considered talented,
whereas in Thailand, educators believe that all students have
special gifts that can and should be developed over time (Braggett
1996).

The fact that talent is a convention, however, rather than a
natural phenomenon, does not mean it is not based on genetic
differences. Howe et al. have set up a straw man in their strict
definition of talent. For example, they write: ªearly ability is not
evidence of talent unless it emerges in the absence of special
opportunities to learnº (sect. 3.1, para. 4). No one working in this
field would argue, I hope, that talent can develop without oppor-
tunities to learn. One might still claim that talent manifests itself in
some children's ability to learn more, given equal opportunities to
do so.

For instance, in a short paragraph, Howe et al. downplay the
evidence concerning early drawing abilities (sect. 2.4, para. 2), yet
there is ample evidence that by 2 years of age one can see
remarkable differences in the way children express themselves
visually, and that superior performance at this age does not reflect
trained technical skills, but rather an overall sense of composition,
fluidity of line, and grasp of significant detail (Winner 1997). Of
course, it would be wrong to assume that such early ability will
necessarily result in full-fledged adult artistic talent. For that
transition to occur, the child will need to find opportunities for
training, support, reward, and motivation. Given equal oppor-

tunities later, however, it makes sense to expect that the child who
showed talent at age 2 will produce art that is considered more
valuable when he grows to be an adult. As in the Biblical parable,
talent is not an all-or-nothing gift but a potential that needs to be
cultivated to bear fruit (Csikszentmihalyi et al. 1993).

Howe et al. dismiss the evidence of superior early performance
by arguing that it does not reflect innate differences, but differ-
ences in training, motivation, self-confidence, and so on (sect. 4,
para. 2). They may be right, but of course they could also be wrong.
The more likely explanation is that children whose neurological
makeup makes them particularly sensitive to sounds will be
motivated to pay attention to aural stimulation, be self-confident
in listening and singing, and likely to seek out training in music ±
and the same argument would apply to children with innate
sensitivities to light, kinesthetic movement, or any other kind of
stimulation that underlies different kinds of valued performance.

In the last analysis, we have two ªaccountsº to explain the
phenomenon of superior performance. The first is the ªtalent
accountº that Howe et al. criticize in their article; the second is the
ªno-talent accountº they propose as a substitute. At this point, the
evidence does not support either account conclusively. It would be
quite a challenge to design an experiment that would resolve this
issue once and for all. In fact, given the interactive nature of the
phenomenon, I am not sure that one could even imagine in
principle how such an experiment should be designed, let alone
carried out. For instance, if one were to divide a cohort of children
at random, and then give one-half of the group intensive training
in mathematics, let us say, whereas the other half was kept ignorant
of numbers, and then one were to find that there were more gifted
mathematicians in the first group, what would that prove?

While we are waiting for a way to resolve this conundrum, Howe
et al. argue that it makes more sense to assume that their ªno-
talentº account is right, because this would have the more benefi-
cial social consequences. Instead of providing the extensive social
supports needed for developing superior performance to only
those children we believe to be talented, we would offer them to
every child who wants it. This application of an egalitarian ideology
sounds attractive, but I am not sure it makes much sense. Given
limited resources ± and the Lord knows they always are ± wouldn't
we provide training opportunities first to those children who, for
whatever reason, show interest and ability in a given domain? I do
not think Howe et al. wish to argue that all children have the same
interests and abilities, or that opportunities for intensive training
should be provided across the board, regardless of a child's
inclination. So practical implications do not recommend the no-
talent account either.

Absurd environmentalism

Douglas K. Detterman, Lynne T. Gabriel,
and Joanne M. Ruthsatz
Department of Psychology, Case Western Reserve University, Cleveland,
OH 44106; dkd2@po.cwru.edu

Abstract: The position advocated in the target article should be called
ªabsurd environmentalism.º Literature showing that general intelligence
is related to musical ability is not cited. Also ignored is the heritability of
musical talent. Retrospective studies supporting practice over talent are
incapable of showing differences in talent, because subjects are self-
selected on talent. Reasons for the popularity of absurd environmentalism
are discussed.

The position advocated in the target article by Howe et al. as well
as by Ericsson and Charness (1995) should be called ªabsurd
environmentalism.º Although superficially credible, the argument
for absurd environmentalism is based on a number of serious
errors.

Failure to cite relevant literature.  It is well known that human
intelligence fits the criteria specified in the target article, although
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the authors ignore it. (1) There is strong evidence of genetic
transmission, accounting for 40% to 80% of the total variance.
(2) IQ tests as early as the first year of life are good measures of
general intelligence (see Brody 1992 for support of these points).
(3) IQ tests predict adult academic and vocational achievement
better than anything known (Matarzazzo 1972). (4) Intellectual
ability is normally distributed and so high ability is limited.
Attempts to increase general intellectual ability by early training
have had small or no effects (Spitz 1986).

The one hook in the argument is the specification that talents
are relatively domain specific. The measurement of domain-
specific abilities is admittedly crude. However, there is no doubt
that attainment in even very specific abilities such as music is
influenced by general intellectual ability. Several studies have
found significant relationships between musical ability and gen-
eral intelligence (Lynn et al. 1989, factor loadings of musical
subtests on general intelligence range from .49 to .59; Phillips
1976, r[IQ 3  Music] 5  .61 to .69). Other studies have shown that
mentally retarded persons are predictably low in musical ability
(McLeish & Higgs 1982). These studies confirm a general rela-
tionship between musical ability and general intelligence.

Studies of more specific musical abilities also show that there is
a heritable component, even though solid measurement is lacking.
Coon and Carey (1989) surveyed twins on subjective items con-
cerning musical interest and performance. They found heri-
tabilities between .1 and .2 for females and .2 and .7 for males.
Given the subjective nature of the measurement, these heri-
tabilities cannot be discounted. They show a heritable component
to musical ability. Coon and Carey suggest that the high proportion
of common environmental variance is due to large variation in
musical training. If training were more uniform, heritable variance
might be higher.

Retrospective accounts of musical talent.  Much of the litera-
ture on musical accomplishment is retrospective, as acknowl-
edged by Howe et al. Groups of musically skilled subjects are
identified and then studied. This approach is useless for identify-
ing musical talent. The problem is that the groups are self-selected
on the very variable of interest.

Suppose we correlate the height of National Basketball Associa-
tion (NBA) players with the number of points they score. This
correlation is close to zero. Should one conclude that height is
unimportant in professional basketball? Clearly not. However,
that is what Howe et al. do.

The reason the correlation is close to zero is that NBA players
are so highly selected on height that it no longer discriminates.
Variables other than height such as practice, determination, and
personality predict scoring. For many of the studies cited, Howe et
al. conclude that practice, not ability, is important for accomplish-
ment, but they are making the same error as concluding that
height is not important for NBA players.

Why is absurd environmentalism such an attractive hypothesis
to so many if it is so wrong? First, everyone wants to believe they
can be anything they want. Second, we would prefer to believe that
our accomplishments are due to our own hard work and not to a
lucky roll of the genetic dice. Third, for teachers and parents, it
may be advantageous to think of accomplishment as totally due to
environmental interventions. Because environment is the only
part of total variance they believe they can change, the larger they
see the environmental piece of the whole pie, the more meaning-
ful and powerful they see their ministrations as being.

Adopting the assumptions of absurd environmentalism has a
dark side, though. If one believes that accomplishment is totally
the result of individual effort, then those persons who fail to
accomplish much have only themselves to blame. This seems to us
to be a very harsh judgment. Should mentally retarded persons or
persons with low IQs be blamed for their failure to enter a high-
paying, prestigious occupation? We don't think so.

If Howe et al. still believe in absurd environmentalism, they can
easily convert us to their point of view. Simply randomly select 100
persons with mental retardation and 100 persons of high IQ and

give them 10 years of deliberate practice. If, at the end of the 10
years, both groups are equally outstanding musicians, we will be
instantly converted to their position. Furthermore, they will have
done an exceptional social service by supplying mentally retarded
persons with a profession. Unfortunately, we know from existing
literature that it will become clear that they are wrong well before
the 10 years are up. Deliberate practice, important though it is to
exceptional accomplishment, will not equalize outcome despite
the best of intentions.
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Achievement: The importance
of industriousness
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Abstract: The emphasis on innate talent as the basis for outstanding
achievement underestimates the importance of hard work. Learned indus-
triousness helps supply the sustained effort required for superior achieve-
ment. The goal of having a productive, well-educated citizenry can be
furthered by rewarding students for high effort and attending carefully to
their individual educational needs.

Seeking a clear example of an eminent scientist or mathematician
whose success was clearly influenced by innate talent, I recalled
Robert Kanigel's (1991) biography of the Indian mathematician,
Ramanujan. As a youth at the turn of the century, Ramanujan
primarily taught himself mathematics, and had within a few years
achieved remarkable theoretical innovations. No better example
of innate talent seems possible, yet, Kanigel interpreted the
evidence differently. To an interviewer, Kanigel said of Ramanu-
jan, ªSomebody said you do best what you do most. He loved this
stuff, so he worked at it. The story is wonderful enough without
adding the extra ingredient of sudden, freshly appearing insights
out of the blueº (Johnson 1991, p. 12). Kanigel also cited Ramanu-
jan's immersion in Brahmin culture in which ªdevoting yourself to
spiritual, intellectual and cultural pursuits raises you in the estima-
tion of other people.º For Ramanujan's biographer, then, the
mathematician's achievements were based on industriousness
resulting from love of the subject matter and the community's
encouragement.

The Romantic tradition in Western civilization claims unique
potentialities for each individual, which are believed to require
gentle nurture. As reflected in the writings of humanistic psychol-
ogists and many cognitive±social psychologists who study cre-
ativity and intrinsic interest, the Romantic view gives little weight
to the hard work needed to become proficient, let alone eminent,
in a field of endeavor (Eisenberger & Cameron 1996). Biographi-
cal studies of the lives of such notable scientists and mathemati-
cians as Einstein, Feynman, von Neumann, and Ramanujan reveal
the remarkable persistence required for creative achievement.

Howe et al.'s emphasis on practice as a source of expertise harks
back to the claims of the behaviorist, J. B. Watson (1930/1970,
p. 212), who stated that ªthe formation of early work habits in
youth, of working longer hours than others, of practicing more
intensively than others, is probably the most reasonable explana-
tion we have today not only for success in any line, but even for
genius.º Although Howe et al., like Watson, may have been
exaggerating for emphasis, their arguments provide an important
counterweight to the overemphasis on innate talent as a determi-
nant of achievement. The unique achievements of creative ge-
niuses such as Ramanujan or Einstein would not have occurred
without the dogged determination to keep working on seemingly
intractable theoretical issues for months or even years.
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