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Introduction

abilsitchapter focuses on the respective roles of cognitive
Exce Y and domain-specific knowledge in predicting
tep, PUONal performance. Since the beginning of this
i ury, educational researchers and psychologists have
Y 10 locate the sources of outstanding (academic)
of taé’lof and performance. At least two different ways
ling this problem can be distinguished.
ﬁﬂede Carlier research paradigm explored the impact of
Yieq Ness on exceptional performance. According to this
in ar]. c approach, general intellectual abilities assessed
age Y childhood or adolescence strongly influence later
B i or professsional performance. As noted by
b N and Smith (1991), this approach is guided by
8Sic belief that behavior is predominantly influenced
altracl:-emed qualities. The paradigm seems particularly
Eeney Ve because of its implicit assumption that only a few
1 al, basic abilities are sufficient to predict and explain
stygoC Variety of specific performances. The longitudinal
®ligy of gifted children carried out by Terman and his
i Ofg“es (to be described below) is representative of this
Tesearch (cf. Terman, 1925, 1954; Oden, 1968).
the .- cond, more recent scientific approach differs from
iy , Mftedness paradigm in that exceptional performance
i :('i“ed to be primarily acquired. Accordingly, spe-
fte, . _cational experiences and intensive as well as
ine Ve domain-specific training and practice deter-
nertle acquisition of skill in particular domains.
ap roa abilities play a minor role in this explanatory
199, ach (cf. Anderson, 1990; Ericsson & Crutcher,
!‘&s a' Since the late sixties, the study of expertise
In,, ttr?§Cted many researchers interested in human
Ly, n.at’()n processing. In particular, research on chess
Sitig, ¢ has enriched our knowledge about the acqui-
Q“lsta()f domain-specific skills and the preconditions for
Giv:dmg performance in this domain.
em" the popularity of the expertise approach in
the ;- COgnitive psychology, the merits of research on
Pergy, Pact of early intellectual ability on later academic
fippror:‘ance seem dubious. Proponents of the expertise
Mgy dCh (e.g., Ericsson & Crutcher, 1990) claim that
Ual differences in intellectual ability do not account

for much of the variance in exceptional performance.
Difficulties with evaluating this view are related to the-
oretical problems, that is, problems with defining and
operationalizing intelligence and cognitive ability. Recent
reviews on this issue emphasize the fact that research on
intelligence has abandoned traditional lines, focusing on
cognitive task analysis, processing strategies and features
of context (see Ceci, 1990; Gruber & Mandl, 1992).
Although there seems to be broad agreement in the
contemporary literature on exceptional performance
that the old concept of basic intellectual ability has lost
its importance and should be replaced by the concept
of acquired skill, the relationship between cognitive
ability and the acquisition of expertise has not been
sufficiently considered in most of these studies. It is the
major purpose of this chapter to explore this relation in
more detail. In a first section, developmental research on
giftedness and its impact on later performance is briefly
reviewed. Next, an overview of research dealing with
expertise in adulthood is provided. After a summary
of the most important findings, theoretical assumptions
and models concerning the process of acquiring expertise
derived from this research with adults will be discussed
in more detail. In the next section, developmental
research on knowledge acquisition based on research
with children will be reviewed. Here, the basic goal
is to assess the generalizability of findings from work
with adult experts to child samples and to broaden the
perspective by adding data from prospective studies
on the development of expertise to the predominantly
retrospective inferences of acquisition processes derived
from studies with adults. In the final section, theoretical
models are introduced that describe possible relation-
ships between aptitude and the acquisition of expertise.

Prospective and Retrospective Approaches
Explaining Giftedness and Exceptional Performance
Prospective Studies

As noted above, the well-known Terman Gifted Chil-
dren Study can be conceived of as the most impressive
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attempt to explore the predictive power of high intel-
lectual ability for subsequent academic performance and
success in later life. In this study, about 1500 young
Californian children with an IQ of 135 and above
were recruited in the early twenties of this century
and followed up until recently. Although the theoretical
focus of the study changed over the years, the body
of data seems suited to evaluate the relevance of high
aptitude for academic and professional performance.
At first glance, the findings seem to support Terman’s
expectations: On average, the gifted children performed
very well in school and were rather successful in later
life. However, a closer look at the findings revealed that
the expected collection of “eggheads” and outstanding
personalities was not found (cf. Sears, 1984). As noted
by Howe (1982), the data collected by Terman and his
colleagues provided little information that would have
helped one to predict which of the children under
study would be most successful in later life. Thus
the conclusion to be drawn from this study is that
educational achievement and success in life cannnot be
sufficiently predicted by indicators of high intellectual
ability measured at an early point in time.

Further research indicated that the quality of the
IQ predictor does not change much when aptitude is
assessed considerably later, that is, during the college
years (cf. Samson, Grane, Weinstein, & Walberg, 1984).
In this study, an average correlation of about .15 was
found between college students’ aptitude and their
professional productivity assessed several years later,
indicating that the subsamples representing “school-
house giftedness” and “production giftedness” do not
have much in common (cf. Siegler & Kotovsky, 1986).
Obviously, information about intellectual ability alone
does not allow for reliable predictions of later academic
and professional success.

Retrospective Studies

Another line of research focused on subjects with
reliably superior performances, with the goal to recon-
struct their cognitive and noncognitive abilities. Most
of that research was similarly motivated by the belief
that exceptionally high levels of performance should
reflect some basic cognitive ability like general intelli-
gence, atttention, or memory (e.g. Cox, 1926). Some
researchers studied other stable individual character-
istics, such as aspects of personality and motivation
(Roe, 1952, 1953). In short, the results of these retro-
spective studies seem to confirm the outcomes of the
prospective studies in that individual differences in
intellectual abilities did not show up as the crucial
determinant of outstanding professional careers. For
example, Roe’s analysis of the careers of outstand-
ing scientists showed that noncognitive factors like
endurance, concentration power and committment to
work turned out to be more important for profes-
sional success than the individuals’ cognitive abilities,
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despite the fact that the latter were generally abo¥
average. I8

More recently, Roe’s findings were confirmed I -
interview study with excelling scientists, sportsmen 3
artists organized by Bloom (1985). The data obtail
from these subjects and their parents did not SUPPOIy
the view that outstanding basic abilities were SOI%Y
responsible for success in later life. Instead, the St
provided strong evidence that no matter what the in*
gifts or basic abilities of the individuals, extreme lé¥
of capabilities in their fields of expertise were
attained unless there was a long and intensive P 0
cess of encouragement, education and training. Bl et
concluded from these findings that his research U
raised serious questions about earlier views of §
gifts and innate aptitudes as necessary prerequiSItes
talent development (1985, p. 3). gies

Taken together, prospective and retrospective stV ple
focusing on the impact of intelligence and other 5:;&
cognitive factors on academic and professional SV
have been largely unsuccessful in identifying 5"9%1'
and replicable relations (see Ericsson & Smith,
for more evidence on this issue). Instead, most ofS
these studies have shown that noncognitive fact
like motivation, concentration and endurance a5 ible
as parental and school support systems seem respoP®
for exceptional performances in later life.

Evidence From the Expertise Approach

Studies With Adult Experts and Novices
Undoubtedly, the pioneering work on chess cond“;%d
by de Groot (1946, 1978) and Chase and Simon ( of
has stimulated numerous studies on the natuf®
expertise. For most cognitive psychologists, an appr® 1@
based on acquired characteristics seems muc
suited to account for outstanding and superior P*
mance than research on giftedness relying on s;,;s
inherited characteristics. The game of chess aPF"y,
particularly attractive for researchers interested 1 it
preconditions of outstanding performance becaus® ¢ .
rather easy to produce and observe outstanding P f
mance under standardized conditions. One advant?# ot
this game over others is that it is possible to meds of
a subject’s chess-playing ability from the results e
matches against different opponents in different t© (het
ments (cf. the index developed by Elo, 1978). An™.
related advantage is that groups of chess players diffe o5
reliably in chess skill can be easily selected. AS ©
skill can be measured with remarkable precisio™.

domain of chess seems ideal for the study of ;C‘L y
o5

€

skill. Models of chess skill have strongly infl¥ i
investigations of expertise in other domains like ph a0t
medical sciences, music and sports. The most imp® i
findings concerning cognitive and noncognitive ch in§
teristics of expertise in chess and these other do veft
will be discussed below. Before doing so, howe
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tleral theoretical and methodological problems with
Xpertise approach will be briefly summarized.

PROBLEMS WITH THE EXPERTISE APPROACH

xﬁuPlte its obvious advantages, the expertise approach
is Suffers from several problems. One of the problems
" At the term “expertise” has a number of popular
1 ".“‘ODS, which all are somewhat vague (cf. Gruber,
fin Salthouse, 1991). Although the broadly accepted
pexfo'""“ that expertise refers to extreme or exceptional
%ulgnance implies that the evaluation of expertise
Tathe Tepresent some measure of actual competence,
- T than a possible correlate of competence such as
e“"t of experience, the categorization of a subject as
trg Xpert is still relatively arbitrary given that research-
QQCelSagr ee with regard to the particular level of compet-
to ‘hét qualifies one as an expert. Although attempts
pec'fy subcategories of expertise like layperson,
& Ce, Intermediate, subexpert and expert (cf. Patel
i« 1oen, 1991) seem to represent an improvement,
the Classification does not solve the problem because
Undaries between categories remain unknown. In
Oy y Cmpirical studies, the definition problem becomes
o U8 When the median of the distribution of a
for ePetence measure is taken as the critical boundary

Pert-novice distinctions.
Uifje, Oted by Ericsson and Smith (1991), another
Sang 1Ssue in the expertise approach is how to identify
ing . 2rdized tasks that will allow the real-life outstand-
k Ormance to be reproduced in the laboratory. As
Writ: Nowledge of complex domains of expertise like
its%g’ physics, or medical reasoning is incomplete,
.Qaptu:ns Impossible to specify a population of tasks to
l“lhee Such expertise. The problem is also apparent
design Omain of chess. For example, de Groot (1978)
Ny ed the task of selecting the best move for a
“teqy T Of different chess positions in order to simulate
ligg "°rld” problem solving behavior. Although the
the Seems valid at first glance, its problems relate to
byt that it is very difficult—if not impossible—to
s ' the quality of chess moves for an arbitrary
the . Position (cf. Ericsson & Smith, 1991). Given
8t number of possible sequences of moves and
thgg Ct that chess players employ a wide variety of
*inxlep“aymg styles, it seems impossible to identify a
lkswev best” move. Despite these obvious problems,
lo - "®T, it should be noted that de Groot was able
be 1ze a few differences in cognitive processes
lnhi:'e“ the grand masters and the other class experts
bts[_nst“dy by analyzing think-aloud protocols from his
the , “Xt-move task. Although the ecological validity of
l““&tr Temains uncertain, it at least can be used to
Ate differences in thinking processes of more or

€nt chess players.

"lemo Same validity problem also holds for the various
U“do;y tasks repeatedly used in studies of expertise.
Or tefi!y, performance on such tasks (i.e., recall
8hition) is much easier to evaluate than, for

example, a protocol of thinking processes obtained for
the next-best-move task. It is questionable, however,
whether those aspects of memory assessed in the labora-
tory really capture the crucial features of expertise in
real-life situations. The reader should keep in mind that
despite the popularity of the expertise approach, these
problems have not been solved yet.

PERFORMANCE DIFFERENCES BETWEEN
EXPERTS AND NOVICES

In the classic studies by de Groot (1946, 1978) and
Chase and Simon (1973), exceptional performance in
the domain of chess was linked with exceptional memory
for information related to that domain. In order to
capture skill differences in chess, de Groot used a
task that assessed memory for briefly presented chess
positions. He found that when chess masters were shown
a chess position consisting of 20-30 pieces for a very
brief duration (e.g., 5 seconds), they were able to
remember the position far better than less experienced
chess experts. Chess masters were able to recall the
positions of all pieces virtually perfectly, whereas the
positions recalled by the less experienced chess experts
ranged from 50-70%.

Chase and Simon (1973) followed up de Groot’s
finding that there were major memory differences in
regard to recall of briefly shown game positions. They
added an important control, showing expert and novice
players also random arrangements of pieces. As the
experts’ advantage in recall with structured positions
disappeared when random positions were reconstructed,
it could not be attributed to superior visual short-term
memory on the part of the experts.

In order to understand the chess master’s recall
superiority for meaningful chess positions, Chase and
Simon attempted to uncover the structure of his chess
knowledge. They showed that the recall advantage
depended on the master’s ability to recognize familiar
patterns or “chunks”. That is, the master was able to
recall pieces more effectively than the novice because
groups of pieces, rather than single pieces, formed
his chunks. According to this finding, quantitative
differences in the memory performance of experts
and novices can be largely explained by qualitative
differences in memory behavior.

Research on expert-novice differences in the use of
complex knowledge in other domains like electronics
or architecture has also revealed the importance of
higher-order chunk structures for superior performance
(cf. Chi, Glaser, & Rees, 1981). Although the notion
of chunking as a major determinant of expert-novice
performance differences seems broadly accepted in the
literature, findings from more recent studies have seri-
ously questioned the assumption that chunking affects
experts’ short-term memory. Carefully designed studies
of superior memory performance for chess positions
have shown that experts store information about chess
positions in long-term memory, not solely in short-term
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memory as Chase and Simon (1973) originally proposed
(see for a review Charness, 1991). These findings do
not cast doubts on the basic assumption that there are
qualitative differences in memory behavior of experts
and novices. However, they indicate that Chase and
Simon’s (1973) original theoretical assumptions need
to be replaced by more sophisticated views of skilled
memory like those by Chase and Ericsson (1982; see also
Ericsson & Staszewski, 1989), stressing the importance
of domain-specific, easily activated retrieval structures in
recall performance.

Qualitative differences in the problem-solving and
memory behavior of experts and novices have also
been reported in studies dealing with other domains like
physics and medical diagnosis and reasoning (see Anzai,
1991; Chi, Glaser, & Rees, 1981; Patel & Groen, 1986,
1991). Evidence on such differences has been based on
tasks different from those used in the domain of chess.

Basic differences in problem representations between
physics experts and novices were suggested in an experi-
ment by Chi, Feltovich, & Glaser (1981). Chi et al.
were able to show that experts and novices in phys-
ics differ in their categorization of physics problems:
Whereas experts classified the problems with respect to
underlying principles, novices tended to use superficial
- meanings of words and diagrams for the purpose of
classification. Expert-novice differences in the domain
of physics can also been seen in procedural knowledge
for problem solving. For example, Simon and Simon
(1978) found blatant qualitative differences in experts’
and novices’ solution processes. That is, experts solved
problems in a “forward” way from the given data to
the goal, whereas novices tried to solve problems in a
“backward” way, starting from the goal (e.g., an equa-
tion containing the unknown of the problem) in search
for appropriate data to satisfy each subgoal. Although
this finding seems counterintuitive at first glance given
that the novices appear to use the more sophisticated
strategy, there are at least two explanations accounting
for the experts’ problem solving behavior. The first is
that experts know that they can achieve the goal simply
by direct calculations of the unknowns from the given.
Another interpretation is that experts do not require
complex planning for simple tasks. Evidence for this
explanation stems from research showing that experts
change to very sophisticated means-end analyses when
the physics problems become more difficult (Larkin,
McDermott, Simon, & Simon, 1980). In summary,
the studies on expert-novice differences in the domain
of physics thus show that the superior performance
of experts on a variety of problem solving tasks is
mainly due to the experts’ well-organized declarative
and procedural knowledge. As a consequence, perfor-
mance differences between experts and novices can be
explained by qualitatively diiferent strategies.

Further empirical evidence concerning qualitative dif-
ferences in the way experts and novices recall and com-
prehend domain-related information stems from studies
on medical expertise (cf. Lesgold, 1984; Patel & Groen,
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1986, 1991). The work by Patel and colleagues Secn':; |
related to the research on expertise in physics outlt
above in that one focus of expert-novice compar! o
was on reasoning strategies. Patel and colleagues ¥ @
a basic experimental procedure where subjects Véa“
presented with a written description of a clinical ¢
and were asked to study the text for a specific P‘ﬂn;
of time, after which it was removed. The depe“g;d
measures used in the various experiments on me it
expertise were free recall, diagnosis and diagn? 0
explanation. Diagnostic explanation was include
identify the direction of the reasoning strategy (fm'“:i 0
or backward method). Here, subjects were request®®
explain the pathophysiology (causal patterns) under
the clinical case. .
Based on their fine-grained classification of 33‘%2
tise (i.e., laypersons, beginners, novices, interm ;ﬂd
subexperts and experts), Patel and colleagues an disk
differences among the subgroups concerning recall;
nosis and reasoning strategy. When experts and sube 28
were compared on these measures, no recall differ®.
were found. Below that level of expertise, substa”
recall differences could be demonstrated (i.e., fOf )
novice and intermediate subgroups). On the other h
diagnostic accuracy was considerably higher in the e_’g’z
as compared to the subexperts (for confirming ev* vichh
see also Lesgold, Glaser, Rubinson, Klopfer, F&?lw o
& Wang, 1988). In addition, forward reasoning o
closely related to diagnostic accuracy. Patel and colle®
inferred from their results that diagnostic accur)
monotonically related to expertise, whereas recall P°
mance is nonmonotonically related to expertise. RE%
ing strategies, on the other hand, should be consider®
all-or-none phenomenon that may be related to the
extremes of the expert-novice continuum. ceorell
Taken together, research on expertise in dlffx;cfg
domains like chess, bridge, music, has shown that € ﬁoﬂ
display superior memory performance for stimull
their domain of expertise when adaptations of Chasefofi
Simon’s (1973) original procedure have been use‘d &
review, see Ericsson & Smith, 1991). Other studle;a“d
the expert-novice paradigm have shown superior f€=
domain-related information as a function of the Sl!b] e
amount of knowledge of the domain. Examples 1 1.r
the domains of baseball and soccer (e.g., Voss, VeS‘;'; )
& Spilich, 1980; Morris, Tweedy, & Gruneberg, rﬂ"5
Most of these studies have found evidence S[’Ppolawd
a monotonic relation between recall of domaln“'emva
information and domain-specific knowledge. They
also supported the view that the main differences
experts and novices in a wide range of domains €% "y
the speed of access to relevant knowledge as well 8
sophistication of knowledge-based strategies.

THE ROLE OF BASIC ABILITIES

What do the studies on expertise tell us about the f,‘””»rpc
of basic abilities on exceptional performanc® are®
empirical evidence for such an influence is rather o
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§ attli)e Case of exceptional chess performance, superior
& ial ability often was assumed to be important (Chase
by I;“On, 1973; Holding, 1985). However, a recent study
Doy oll and Mayr (1987) does not confirm this view.
Playeanq Mayr compared about thirty of the best chess
Sub; 'S in Germany with those of about ninety normal
x“bsigts of similar ages, using an IQ test with seven
fOun d les. As a main result, Doll and Mayr (1987)
begy, Mo evidence that chess players were selectively
t' On spatial tasks. In general, the relation of IQ to
dop anding performance seems rather weak in several
DS (for a review, see Ericsson & Crutcher, 1990).
Mg, Ough general abilities do not seem to make a
4 dlf.ference, the results of several studies suggest
mb:geﬂal abilities like speed of information processing
diffe,, ' memory abilities could be a source of individual
hag 1. _nces. Regarding reaction times, for instance, it
Moy €N repeatedly shown that experts are faster and
examiacc}lrate than less experienced subjects. A closer
the Mation of these studies, however, does not confirm
l infe“’ that experts outperform novices with regard
sh0wn°"matlon processing speed. For instance, it was
e’"Dert‘t at experts’ superior speed in their domain of
Sy ¢ does not transfer to other tests of speed, like
(ef Se Teaction times, or to general tests of perception

S €S, 1987).
Shoy, larly, the exceptional memory performance
%main by many experts for materials from their
d“main does not generalize to materials outside their
st“die > @8 demonstrated by Chase and Simon (1973).
. fOcusing on exceptional memory performance
lo,, ~€Scribed in detail how subjects with initially
by, . Memory skill acquired exceptional memory skill
§ CXtensive practice (cf. Chase & Ericsson, 1982;
Poy; dWSkx,. 1988, 1990). In these studies, subjects were
¢ iced- With several hundred hours of practice on the
%jectd‘&lt-span task. After 50-100 hours of practice,
ib(,u”s Were able to increase their digit spans from
Xtong: 1o over 20 digits. Subjects going through a very
Ve training program were even able to attain digit

of over 100.
nf“iol‘: Was it possible to acquire this skill? The expla-
d-‘xtinc 'S that these subjects were experienced long-
€ funners with a rich knowledge base for running
'!cﬁd'in hey were able to use their knowledge for
‘Nciﬁcg and interpreting incoming digit sequences as
Derf()r "unning times. The fact that exceptional memory
"e%r:"ance can be successfully trained was further
Bajye, SUTated in a recent study by Kliegl, Smith and
‘Qmertl(1986). Kliegl et al. trained young and old adults
%nqet()“z'e digits using phonemic recoding of digits into
Usjp, € Words, which were stored in long-term memory
thyy ‘Vit?, ancient “method of loci”. It could be shown
d‘am t Extensive training, speed of memorization
p“xec::(lj]y increased, approaching a rate of 1 digit
..
%at:i" lr)d'"gly, exceptional memory performance demon-
bﬁsic ab‘y ‘Many experts cannot be attributed to inherited
llities but has to be conceived of as an acquired

competency, that is, as an outcome of extensive practice
and training in the domain of expertise. This competency
was labeled “skilled memory” by Chase and Ericsson
(1982) who identified three basic principles in the
acquisition process. First, information is meaningfully
encoded in terms of knowledge structures in semantic
memory. Second, retrieval cues are constructed during
the encoding process, which are explicitly associated
with the encoded information and can be easily retrieved
from long-term memory. Third, encoding and retrieval
processes can be considerably accelerated by extensive
practice. As a consequence of long training, the speed
of these encoding and retrieval processes are assumed to
approach those observed in short-term memory.

All in all, research dealing with the relevance of bio-
logical dispositions, innate talent and basic abilities for
exceptional performance has been rather unsuccessful in
establishing such relationships. The best evidence for the
importance of inherited characteristics comes from the
domain of sports, for example, the domains of basketball
or gymnastics, where anatomical characteristics such
as height obviously make a difference. For a few
abilities, such as perfect pitch in music, tapping speed
in the case of typists and specific abilities revealed
by children and idiots savants, innate “talent” may
be a plausible explanation. However, recent research
on expert performance has convincingly shown that
exceptional performance in many fields is primarily due
to a vast body of acquired knowledge and experience
as well as to acquired skills (Ericsson, Krampe, &
Tesch-Rémer, in press).

What follows from this is that practice plays a crucial
role in the acquisition of expertise. Across a wide
range of tasks, improvements in performance seem
closely related to the amount of practice. Reviews of
skill acquisition indicate that the relationship between
performance and practice is monotonic (Anderson,
1982; Newell & Rosenbloom, 1981) and that a power
function provides a very good fit for a variety of tasks
and skills.

However, taking the amount of practice as the only
important predictor of performance probably oversim-
plifies the problem. Our everyday experiences show that
not all people practicing and working extensively in a
specific domain end up as eminent experts in that area.
Similarly, observations from laboratory experiments
have indicated that providing motivated subjects with
repeated exposure to a task does not ensure that they
will attain the highest levels of performance on that task
(Chase & Ericsson, 1981). In particular, inadequate
strategies often account for suboptimal performance.
The available evidence indicates that subjects can either
discover or deduce superior strategies for performing
tasks, or learn them through instruction. For instance,
the training study by Kliegl, Smith, and Baltes (1989)
showed that subjects were able to improve rapidly and
attain exceptional levels of performance only after being
instructed to use adequate strategies. Thus the amount of
practice may be a necessary but not sufficient condition
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for expert-level performance. Obviously, the intensity
and quality of practice are at least equally important
in order to reach ambitious goals. Recent theoretical
models dealing with the acquisition of expertise have
tried to take these different aspects of practice into
account.

Theoretical Models Describing the Acquisition of
Expertise

MODELS OF SKILL ACQUISITION

There have been several models of skill acquisition in
the literature. The classic model developed by Fitts
and Posner (1967) proposed three different acquisition
stages: The “cognitive stage” can be characterized by an
effort to understand the task demands and to distinguish
between important and unimportant aspects of the
task. The focus is on the acquisition of declarative
knowledge about the task. The “associative stage”
involves making the cognitive processes more efficient
to allow rapid retrieval, thus transforming declarative
knowledge into procedural forms. During the third and
final phase, labeled the “autonomous stage”, perfor-
mance is automatic and conscious cognition and control
is minimal. See Anderson (1982) for a similar theoretical
model.

Although these models of skill acquisition have been
attractive for many researchers in the field, stimulating
much important research, it remains unclear whether
the learning mechanisms and developmental stages they
propose do generalize from adult learners to children.
We know from numerous reports on the careers of
chess experts, eminent musicians, or world-class tennis
players that these individuals have started their careers
at a very early point in life, that is, between 6 and
10 years of age (e.g., Bloom, 1985). We also know
from several sources that the time between experts’
first experiences with their domain of interest and
attaining international-level performance is about 10
years (Chase & Simon, 1973; Krogius, 1976; Sosniak,
1985). As pointed out by Ericsson and Crutcher (1990),
this 10-year rule is supported by data from a wide
range of domains, including sports, music, chess and
science.

Given that the attainment of exceptional performance
in real life usually takes place in childhood and adoles-
cence, it seems important to identify the learning mecha-
nisms, rules of practice and support systems that enable
this rapid development. Recent research conducted by
Anders Ericsson and his colleagues (Ericsson, 1990;
Ericsson & Crutcher, 1990; Ericsson, Tesch-Romer,
& Krampe, 1990; Ericsson et al., in press) has led
the authors to propose a theoretical framework for the
acquisition of expert-level performance. The attractive-
ness of this model stems from the fact that hypotheses
about the developmental history and practice intensity
of expert-level performers have been systematically

316

evaluated against empirical evidence on excepti®
performances in various domains.

A THEORETICAL FRAMEWORK FOR ACQUlSlﬂng

OF EXPERT-LEVEL PERFORMANCE: THE ROLE

DELIBERATE PRACTICE |
S dlffc: |

The model presented by Ericsson and colleague
from the skill acquisition models presented abo%
that it explicitly considers developmental issues »
a life-span perspective. Whereas skill acquisitio? Al
for the most part, been studied with college St“dcdc)]
most information relevant for Ericsson’s theor™
framework stems from observations and retros

reports dealing with performances in childho

adolescence. pask

Ericsson and colleagues adopt and extend the oo
characteristics of a framework first developed by B ead”
(1985b). Accordingly, the preparation period for f f
ing exceptional performance can be conceive os‘,-
a sequence of states, each representing rath":r he
ble characteristics for a specific time period in he
individual’s life. The first stage corresponds © "o
playful introduction to the domain, the Sec"‘;o,gh
the start of systematic practice supervised by 2 o0
or a teacher and the third and most crucial St”.‘gﬁoﬂ
attaining exceptional levels of performance (cf-
et al., 1990). ity of

This model suggests that the type and intens" g
training may differ as a function of dcvelOP“.ll
stage. Whereas it is most important to keep " "y
motivated and interested in the domain du"n.gtyof
first stage, methods of instruction and the qu® ie,,gls
teachers become more relevant with increasing cﬂ"l
of performance. An early start as well as P& “fof
interest and support seem particularly importa? [ike
the earlier stages. With increasing skill, facto™
availability of excellent instruction, qualitity of pré ost
equipment and access to practice facilities becom® 49
relevant. As noted by Bloom (1985b), perforl?lers c“d
international level have almost always been mstl"_::wd
by master teachers who themselves had once ach!
that level.

Ericsson et al. (1990) provide multiple evidﬁ.“"e
the domains of chess, sports and music that is I a sh""s
with the core assumptions of this model and that
surprising parallels in developmental patterns O e gatt
across these domains. For example, the availabl®.
indicate that the average starting age for excerains
performers is uniformly young across the three doron
(about 7 years of age), with the best perfon_“e-lnfly’
average having the youngest starting ages. Slﬂ“t 1he
retrospective estimates consistently showed tha i
amount of practice increases as a function U gl
and expertise, regardless of domain. It apPe"“:tcnts’
systematic practice is most often initiated by P ulﬂ"oﬂ
who very actively support and reward the acd mouﬂ‘
of practice habits. Increases in the weekly # achﬂs
of practice occur throughout adolescence an
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It
,s Peak around the age of 20. In most studies, the
Withrlted amount of practice was often highly correlated
Pra ievels of performance and comparable amounts of
Map, ¢ were reported for subjects of the same perfor-
llgey leve] across domains. The empirical evidence
Sppo €d and discussed by Ericsson et al. (1990) not only
the ﬁnrg Bloom’s original assumptions but also extends
% far ngs by Bloom (1985b) and h1§ collabprators, in
"eresas performers at levels below international level
Own to engage in less practice.
chu'sl: dpparent problem with this account is that it
™ dig on the extent of practice, although individ-
0 €rences in the intensity of practice were also
(i €d. In a more recent review paper, Ericsson et
0 thepress) take care of this problem in that they focus
Dragy:0le of deliberate practice. This term refers to
De t:ece activities that aim at maximizing improvement.
ivig ratt’._practice is conceived of as a highly structured
il ) Which requires effort and is not inherently enjoy-
ire m CCording to Ericsson and Krampe, individuals
[,%a Otivated to engage in deliberate practice only
Ofmose Practice improves performance, not because
ﬁnetary reward.
G prgsbsoﬂ and colleagues point to several methodologi-
fo lems involved in demonstrating the fact that per-
ligg. ¢ changes as a consequence of deliberate prac-
for ,~UFing the first decade of preparation necessary
'nina"‘lng exceptional performance, many aspects of
here thg and evaluation change. It is important to note
Perg,,. 2t One reason for the difficulty to predict adult
ance from early performance is that the criteria
!evel O evaluate performance change with increasing
M the Performance. For example, whereas beginners
lechni domain of music are mainly judged on their
‘latltly A skills, expert adult performers are predomi-
“}expmdged on their interpretation and their ability
Sim rl'ess emotions through music (Sloboda, 1991).
Prog; . COnsiderations may explain why mathematical
cc:s can be unsuccessful as adult mathematicians.
!’yE rding to the theoretical framework established
mthe CSSOI} and colleagues, other constraints inherent
50y, ainment of exceptional performance concern
hﬁen s(;leS, effort and motivation. In many cases, it has
ing thatOWn that parental support is a major variable
:ecesSa €Xtraordinary commitments by parents may be
Urgy, rry to cope with the demands (cf. Bloom, 1985b).
83 8 s deliberate practice requires effort, fatigue
Yepe Juent result. The success of deliberate practice
p'aqi O depend on a careful balance of intensive
hn dejj and recovery. Disregard of the effort constraint
berate practice may result in maladaptation,
hngt inll:d even failure. Finally, as deliberate practice
% ty , Tently enjoyable, the motivational constraint
g' pr: 8iven special attention. The loss of the goal
tele"lal Ve can have different causes. Problems with
MDor Support may be as relevant as problems due to a
i ice 'Y stagnation of performance despite continued
lig) S{ €se problems seem particularly related to the
3ges of the preparation period and may loose

their importance when individuals get more involved
in a domain. As noted by Ericsson et al. (in press), at
this point the motivation to practice becomes closely
connected to the goal of becoming an expert performer
and integrated in the daily routine.

The framework presented by Ericsson et al. (in press)
differs from earlier views in that deliberate practice is
the important factor mediating the observed relation
between experience, full-time engagement and excep-
tional performance. Accordingly, extended experience
or practice (the 10-year rule) is necessary but not
sufficient for attaining the highest levels of performance
in a domain.

In an attempt to test the validity of this framework,
Ericsson et al. (in press, Study 1) compared three
groups of elite, adult violinists regarding their current
and past levels of deliberate practice. The group labeled
“the best violinists” were rated by music professors as
having the potential for careers as international soloists.
The music professors also nominated a second group
of “good violinists” with less potential but still very
promising perspectives. A third group of students with
comparably lower admission standards were called “the
music teachers” because teaching was the most likely
future profession for this group.

It was predicted that the highest improvement of
performance and indirectly the highest attained per-
formance, should be associated with the largest weekly
amounts of deliberate practice. The assumption was
that even among individuals with more than 10 years
of practice, performance should be closely related to the
amount of deliberate practice.

The analysis of interview data concerning the amount
and distribution of deliberate practice confirmed this
assumption. The best violinists estimated more practice
hours per week than the good violinists during early
adolescence and more than the music teachers during
their entire developmental period. Regarding the diary
data which included the practice hours for a full week,
clear differences between the music teachers and the two
best groups, but no differences between the two best
groups were found. Also in accord with the expectations,
the top violinists rated sleep as highly relevant for
improvement of violin performance. As a matter of
fact, the two best groups of violinists with the highest
levels of deliberate practice were found to nap more
in the afternoon than did the group of music teachers.
All in all, the results of this study are in line with
the predictions derived from the theoretical framework
developed by Ericsson and colleagues.

In their discussion of results, Ericsson et al. (in press)
emphasize the fact that individual differences in expert
performances should not be attributed to individual
differences in natural, innate abilities. Instead, they
argue that expertise has to be conceived of as the result
of extensive and intensive practice activities and that
individual differences in ultimate performance can be
accounted for by differential amounts of past and current
levels of practice. The claim is that once individuals have
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started deliberate practice, it is virtually impossible to
distinguish the role of natural, innate ability from that
of acquired skill in their current level of performance.
According to Ericsson and colleagues, it is not the innate
talent but rather the perception of talent that motivates
parents to invest time and money to support deliberate
practice. Needless to say, perceptions of talent should
not be equated with objective indicators of innate
ability.

Although Ericsson et al.’s theoretical framework
for the acquisition of expert-level performance seems
impressive and well-suited to account for much of
the empirical evidence on the causes of exceptional
performance, one possible problem with the empirical
evidence described above is that it mostly consists
of cross-sectional studies predominantly dealing with
retrospective estimates of past behavior and interview
data obtained from adults. In our view, prospective
studies carried out with child experts and novices may
add substantially to our knowledge about the origins and
determinants of exceptional performance, particularly as
far as the role of domain knowledge and basic abilities
is concerned. As a consequence, the empirical evidence
on determinants of exceptional performance based on
cross-sectional as well as longitudinal developmental
studies with child experts and novices will be summar-
ized next.

Studies With Child Experts and Novices

Most developmental studies using the expert-novice
paradigm focused on the impact of domain-specific
knowledge on memory. In the field of memory devel-
opment, numerous studies conducted during the past
two decades have demonstrated the importance of the
knowledge base for various aspects of memory perfor-
mance (for reviews see Chi & Ceci, 1987; Schneider
& Pressley, 1989). According to many developmental
researchers, the knowledge base seems to be one of
the crucial sources of memory development in childhood
and adolescence, probably outweighing other relevant
factors like capacity, strategies, or metamemory (cf.
Bjorklund, 1990; Siegler, 1991). Although the number
of developmental studies based on the expert-novice
paradigm is still small, as compared to the number of
studies on expertise with adults, their findings have
attracted much attention in the developmental litera-
ture. In the next section, developmental studies focusing
on the role of knowledge will be presented first, followed
by those studies that explored the importance of basic
ability in addition to that of the knowledge base.

DEVELOPMENTAL STUDIES EXPLORING
THE IMPACT OF DOMAIN KNOWLEDGE ON
PERFORMANCE

From a developmental perspective, the major advantage
of the expert-novice paradigm is that knowledge and
chronological age are not necessarily confounded. It is
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not only possible to recruit adult chess novices l?“‘ ol
to find young chess experts for experimental studies: o)
classic developmental study was conducted by Chi ( o
who recruited experienced and inexperienced ©
players and gave them Chase and Simon’s ches$ bﬂd
reconstruction task (see above). The most intefezd‘,
aspect of this research was that subjects’ know!
correlated negatively with age; the children wer® o
experts and the adults were the novices. As @ g
result, Chi found that the children’s short-term me":dtg.
for chess positions was superior to that of th&? afj i
On the other hand, the typical adult superio
short-term memory capacity could be demonstrat® o
the memory span control task, dealing with a 4% o
(i.e., digits) that adults were more familiar with:
concluded from her results that short-term M€ ecﬁ,
capacity was not inherently a function of the sV e
age, but rather of their knowledge. The most imp* o0
finding was that the impact of the knowledge ba$
recall resulted in a reversal of the typical age effect:
From a methodological point of view, both thé # oof
sample size of Chi’s study and the fact that only w 15
the four possible groups (i.e., child and adult Fxpznd
and novices) were included called for a replicatl"“ ol
extension of Chi’s work. Two subsequent develop™.
studies on chess expertise (Roth, 1983; Opwis; o
Gruber, & Schneider, 1990) found supportive €V~
Roth (1983) did not assess memory performan
tested child and adult experts and novices on 2
board comparison task. The magnitude of the
ledge effect was sufficient to eliminate any Sig™ g
differences between child and adult experts. F“;ro,,p
€ 4 Uu

oV
et

the knowledge effect accounted for between-ag
differences in that child experts outperforme® ..
novices. Thus Roth’s findings for the area Of.Ped fof
tual speed seem to validate Chi’s results obtain®
short-term memory processes. fchild
In the study by Opwis et al. (1990), groups © ed 0!
and adult chess experts and novices were compar £4i0”
various chess board and control board reconst siol15
tasks which included both replications and €xt" o
of Chi’s original work. The major extension ¢0™" ¢
a procedure that aimed at identifying possiblé o
of the experts’ superior memory performance: xperﬁ
et al. believed that several aspects like the © iec?
greater familiarity with the constellation of ches Pthclf
on the board (i.e., meaning of constellations) 37"
greater familiarity with the characteristics of th® of o
board (i.e., geometrical pattern, form and " e
chess pieces) all contribute to superior peffor - the
They expected all these factors to be effectiV® offe?
meaningful chess board reconstruction task. The Jer)
of expertise on performance should be cons! !
smaller (but still significant) in the rando™ . ¢
reconstruction task because only familiarity W ed¥
basic charactistics of the chess board was ass ovic?
be greater for the experts, as compared to the nrts“'d
Finally, no performance differences between expe ;0d

k e
novices were expected for a control task that .
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the

Hm;e_COnstruction of wooden pieces on a board that had
In common with a chess board.
asgy € results of the study basically confirmed these
Pe rf"‘Ptlons. Similar to the findings by Roth (1983), no
W r(‘:"'ﬂance differences between adult and child experts
found. Expert-novice differences on the chess
e _rcconstruction task were most pronounced for
bug Meaningful chess positions and considerably smaller
Stll significant for the random board positions.
accord with their hypothesis, Opwis et al. found
teo. CXPerts and novices did not differ in immediate
DStruction of items on the control board. Opwis et
“Concluded from this finding that experts’ performance
© chess board reconstruction tasks is facilitated by
WO context factors described above. Probably due
€se factors, experts are able to process information
Ali l:Uld in larger semantic units. '
Chi Q ough the results were mcqnsment w1th_ those by
Pro 0978) and also Chase and Simon (1973) in that no
Unced expert-novice differences in chunking were
an.-Ved based on inter-response latency measures, the
in Ysis of videotapes suggested qualitative differences
g .© Teconstruction strategies used by the expert and
withc:hgroups. While most experts seemed to start
e € reconstruction of specific meaningful units,
specié)Vlces. focused on aspects like color of pieces or
Per 5 Positions on the board. From a developmental
quahl.zc!ch, it seems particularly interesting that no
ady), UVve differences in the strategies of the child and
% €Xperts were detected.
Styg: - o0 together, the findings from the developmental
fro €S on chess expertise corroborate those obtained
adultsSFUdies dealing with expert/novice differences in
to qu n that performance differences can be attributed
to tha_htat.lve differences in strategic processing. Due
P elr~nch knowledge base, child experts seem to
S information in a way very similar to that of
Ny Xperts. Although most developmental studies did
(ie OCus on the interplay of knowledge components
dgy., Yeclarative and procedural knowledge) in the
Mation of performance, a recent developmental
1989) On expertise in tennis (McPherson & Thomas,
ing Thpfovldes information on this point. McPherson
(10\11 Omas compared expert and novice tennis players
lgp,: - @0d 12-13-years-old) on tennis performance and
Wag " Nowledge. Declarative knowledge about tennis
leg,, ©'ated to the development of procedural know-
i, that is, the quality of decisions and selection of
¢ . Made within the context of a game. Regardless of
e Oth knowledge components discriminated between
leg: > @0d novices and were significantly related to
1S skil]
ib(,v: developmental studies on expertise discussed
of 4. 2l have demonstrated the fast developmen
Uog, Min-specific knowledge in child experts and its
!’lteresrelalionship to performance in the domain of
Iy n‘- However, they do not inform about the relative
Igjq 20¢e of ability because this variable was not
®d in the design. As a matter of fact, only a

small number of developmental studies considered the
impact of basic ability intelligence on performance in
addition to that of domain knowledge. These studies will
be summarized next.

DEVELOPMENTAL STUDIES EXPLORING THE
IMPACT OF APTITUDE AND KNOWLEDGE ON
PERFORMANCE

A series of developmental studies investigated the
importance of domain knowledge and general ability
for processing of text information related to the domain
of expertise. They can be conceived of as replications
and extensions of studies on text processing carried out
with adults. As already mentioned above, Jim Voss and
his colleagues (Spilich, Vesonder, Chiesi, & Voos, 1979;
Voss et al., 1980) had used this paradigm in their studies
on expertise in baseball. Voss and colleagues assessed
subjects’ declarative knowledge about baseball in order
to form groups of baseball experts and novices. Next,
a passage dealing with a baseball game was presented,
which had to be recalled some time later. Not surpris-
ingly, the baseball experts recalled more information
than the novices. The more interesting finding was
that the quality of experts” and novices’ recall protocols
differed considerably. Whereas the baseball novices
recalled as much unimportant as important information,
the experts mostly recalled important information.

A group of researchers at the Max Planck Institute
for Psychological Research in Munich adopted this
paradigm for developmental studies with soccer experts
(see Korkel & Schneider, 1992; Schneider, Korkel, &
Weinert, 1989, 1990). More than 500 third, fifth and
seventh graders participated in this project. According
to their performance on a questionnaire tapping know-
ledge about soccer rules and important soccer events,
these children were categorized as either experts or
novices with respect to soccer. The students at each
grade level were asked to recall a story about soccer.
In addition, information about metacognitive knowledge
(i.e., knowledge about text processing) and subjects’
intellectual ability was obtained. A second assessment
using the same instruments followed about a year later.

The analysis of free recall data yielded significant
effects of grade and expertise for each measurement
point. While seventh graders recalled more text units
than both third and fifth graders, experts outperformed
novices at each grade level. The findings also confirmed
Chi’s (1978) result in that a reversal of developmental
trends was demonstrated: third grade experts recalled
more text information than seventh grade novices.

The measures of intelligence and metacognitive
knowledge were included to explore the impact of
these variables relative to domain knowledge. With
regard to metacognition, the expectation was that in
both the expert and novice groups, subjects with high
metacognitive knowledge on text processing should
outperform those with low metacognitive knowledge.
The results clearly confirmed this prediction, indicating
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that the combination of rich domain knowledge and
metacognitive knowledge lead to optimal performance
on the recall task.

The results concerning the impact of general ability were
different. The experts and novices were classified into
high-ability and low-ability subjects on the basis of their
performance in the intelligence tests. Thus, four groups
resulted at each grade level: high- and low-ability soccer
experts and high- and low-ability soccer novices. When the
longitudinal recall and comprehension data were analyzed
using grade, expertise and general abilities as independent
factors, only effects of expertise and grade were found.
Most strikingly, neither a single effect was found for
general ability, nor were there any significant interactions.
Schneider et al. concluded from these findings that rich
domain-specific knowledge can sometimes compensate for
overall lack of general cognitive abilities.

As supporting evidence for this has been provided in a
number of recent studies with children and adults (e.g.,
Ceci & Liker, 1986; Recht & Leslie, 1988; Walker,
1987), it appears that individual differences in general
ability do not make a difference when the task is to
process new information in a highly articulated domain.
Please note that this is also the conclusion Ericsson and
colleagues have drawn from their research on adult
expertise. Thus research on exceptional performance
in adults and developmental studies on text processing
in child experts and novices lead to similar insights, as
far as the role of basic abilities is concerned.

One problem with the developmental studies on
the roles of domain knowledge and general ability in
affecting text processing is that they have been based
on a small number of tasks and paradigms. The question
remains whether their main finding concerning the role
of general ability can be generalized across different
tasks and domains. A recent study by Schneider and
Bjorklund (1992) shed some doubts on this assumption.
Schneider and Bjorklund adopted the basic design used
by Schneider et al. (1989). However, instead of assessing
text processing, they tested second and fourth grade
soccer experts’ and novices’ performance on a sort-recall
task dealing with soccer words.

In accord with their expectations, Schneider and
Bjorklund found significant effects of expertise on
recall, thus confirming the results of the previous studies.
However, soccer expertise did not modify a significant
effect of IQ level, with high-IQ children recalling more
than low-IQ children for all contrasts. The results
thus demonstrate that domain knowledge played an
important role in children’s memory, but could not fully
eliminate the effects of IQ on sort-recall tasks using
domain-related materials. That is, although rich domain
knowledge seemed to compensate for low aptitude, in
that low-aptitude experts performed at the level of
high-aptitude novices, its effects were not strong enough
to eliminate performance differences between high- and
low-aptitude soccer experts.

Schneider and Bjorklund (1992) concluded from their
work that the findings from developmental studies
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dealing with text processing did not generalize 10 th ef
sort-recall paradigm, at least as far as the aspec
general ability was concerned. One difference betwe
the text recall task used in the previous studies
Schneider and Bjorklund’s sort-recall task concer® 5
the role of strategies and memory capacity. Wﬁe é
neither strategies nor capacity seem particularly 'mP:;e
tant in the case of gist recall (text recall), they
certainly more relevant when verbatim recall is requlf?ng'
as is true for sort-recall. It appears, then, that be't
an expert does not climinate the effects attributable
individual differences in intelligence when delibe™
strategies play a role in task performance. o ghe
One problem with most developmental studies usiné.
expert-novice paradigm concerns the extent of expel Sy
For example, no official chess ratings were availabl®
most developmental studies on chess expertise, M4 %
it difficult to judge the competence of child exper®®
compared to that of adult experts. Also, most develop™
tal studies on text processing experienced problems tio
defining expertise. Taking the median of the distribu®
of scores in domain-specific knowledge tests as the el 15
boundary for expert-novice distinctions not only Cfetha(
the possibility of misclassifications but can also imply
the average level of expertise is rather low. vek
This problem was not an issue in two recent dedgc
opmental studies on the impact of domain knowle ai
and aptitude on domain-specific performance (Horgg),
& Morgan, 1990; Schneider, Bos, & Rieder,
which thus will be considered next. Both studies md"‘sing
samples of true child experts, that is, young prom! in
subjects with already extraordinary competenct an’s
their domain of interest. In Horgan and Morg 5
study, official ratings were available for all child ¢ the
experts (N = 113). The elite subsample consisted © uné
twenty best players of this sample. Most of the ¥ al
elite players had skill ratings of 1300 and more (the mand
for all U.S. tournament players of all ages is 1500
the standard deviation is 200). The Schneider et al-s of
consisted of a reanalysis of data on the developme™ 220"
group of 109 tennis talents collected about 10 years ng‘d
At the beginning of the study, the children’s agé rareers
from 10 to 14 years of age. As we know today, the e oSt
of most of these tennis talents were very successft: e
players are still listed in the national rankings an® i
than 10% of the sample have made it to the tOP " el
the world, with a few players even belonging t0 the
ten players in the world. intef
Furthermore, the two studies seem theoretically "1y
esting because they were longitudinal in natuz 990)
their correlational study, Horgan and Morgan deﬂ‘ic
examined children’s chess records for one ac? 2idef
year. The reanalysis of tennis talent data by‘SCh"wdy.
et al. (1992) was based on a 5-year longitudmal . bl
including repeated measurements of basic mot? itk
ities, skill-related tests, psychological tests conc® and
achievement motivation and concentration SK! ouﬂ(
interview data focusing on parental support an ¥
of practice.
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ugwhat does the chess study by Horgan and Morgan tell
ut the roles of IQ and experience in developing
kill? The elite subsample was given two tasks that
skil] ®d general abilities and one test of domain-specific
of ilit : e Raven’s Matrices test was used as a measure
lo 'cae llgf:r_lt;e because it was considered a measure of
felg abilities as well as spatial abilities. The authors
thegg rat the.type of reasoning required was similar to
top. Casoning. In addition, a Piagetian task measuring
the atory logic in formal reasoning was used. Finally,
i b i'\lght’s Tour, that is, a chess-specific test that
Proy; de"ed to be closely related to chess skill was
ed,
°n1}|s,e0"e main result of the longitudinal study based
theg. [Otal sample, it was shown that improvement in
Us; skill was significantly correlated with experience.
Orgaage and pretest ratings as covariates, Horgan and
ex rie“ Could demonstrate a close relationship between
tagjy c€ in terms of games played and posttest chess
ing o In sum, the more improved players played more
On more.
fortd'tlo_nal stepwise regression analyses carried out
ue elite subsample showed that pretest chess skill
thegg fted for about 65% of the variance in post-test
tor, Skill. When the Raven’s test was added as a predic-
Vaﬁable amount of variance explained in the dependent
Wep . Increased to 77%. Another 10% of the variance
Ram saCCOunted for by the addition of numbers of
ﬁ“din Played. Horgan and Morgan concluded from this
Signiﬁ% that both experience and nonverbal intelligence
A‘Sthean-uy contribute to improvements in chess skill.
Wi » Plagetian task showed no significant correlation
the t ©ss skill in the young elite players, it appears that
Mak pe of reasoning assessed in general ability tests
a0 important difference in this regard.
Of the goals of the study by Schneider et al. (1993)
thyy tﬁ test Ericsson and Crutcher’s (1990) assumption
be gene ba.Sic findings concerning expertise in chess can
Danicuefahzed to other domains, including sports. In
&, a8, the reanalysis of tennis talent data aimed at
tegy: “UNg the relative impacts of basic motor ability and
Gate “Specific skills on performance in tennis, as indi-
g, dey National rankings. Indicators of motor ability
like Str'd assessments of sprint ability, whereas measures
Y, | Ng-frame bouncing tests and target hitting tests
"ariab;’SGd‘ to tap tennis-specific skills. In addition,
Dracrces like parental support, estimated intensity of
Werg cg’ achievement motivation and concentration skill
Re unsldered in the analyses.
lep, ik ts of causal modeling procedures showed that
“\et Specific skills explained most of the variance in
Q“Ein?;ls rankings obtained for the last year of the
ing ““nal study (1982). Similarly, intensity of practice
thijgy rental support during the early stages of the
""lkin $ tennis career significantly predicted the tennis
Perfotgls- The impact of basic motor ability on tennis
5w 4 ance was comparably small but reliable. That
m"de] 1 the basic ability construct was omitted from the
*1tno Jonger fitted the data. The same pattern of

Chegg
ta

Wag €

results emerged when tennis rankings obtained 7 years
later were used as the dependent variable. Rankings
obtained in 1982 and in 1989 correlated with r = .70,
which indicates high stability of individual differences in
tennis skill during adolescence and early adulthood.

Taken together, the findings by Horgan and Morgan
(1990) and Schneider et al. (1993) basically confirm
the theoretical framework developed by Ericsson and
colleagues. They all highlight the importance of delib-
erate practice in developing domain-specific expertise
in children. The results provided by Schneider et al.
additionally prove the significance of parental support
systems for skill development. However, both studies do
not support the assumption that individual differences in
basic ability can be completely neglected when it comes
to predicting the development of expertise. In the case of
chess expertise, intelligence as measured by the Raven’s
test accounted for a small but significant amount of
variance explained in the dependent variable, that is,
improvement in chess skill within a year. Similarly, the
study by Schneider et al. showed that the relative impact
of basic ability on performance was small but reliable.
This finding seems particularly impressive given that
the basic abilities found for the two elite samples in
chess and tennis were clearly above average and that
the range of scores was small due to the homogeneity
of the samples. The results of these studies thus seem
to indicate that experience, while extremely important,
cannot completely substitute talent. As emphasized by
Horgan and Morgan, no amount of experience will
make an ordinary player into a grandmaster. Thus the
message is that one should come up with models of
skill acquisition that account for possible influences of
individual differences in cognitive abilities. Theoretical
models including the basic ability component will be
discussed in the final section of this chapter.

Conclusion

In this chapter, it has been shown that exceptional
performance usually is based on an extremely rich
knowledge base, acquired through a very long lasting
process of motivated learning. In order to reach this
point, cognitive personality characteristics like high
intellectual ability seem less important than noncognitive
factors like endurance, dedication, concentration and
motivation. The most important accomplishment of the
skilled memory theory was to highlight and demonstrate
the relevance of acquired skills in explaining exceptional
performance. The findings by Ericsson and colleagues
even suggest that individual differences in basic abilities
can be ignored in view of the overwhelming effects of
expertise on performance. However, one problem with
most of the studies on adult expertise was that individual
differences in basic abilities were not explicitly meas-
ured. Given the evidence from developmental studies
on expertise which took those abilities into account,
one is inclined to believe that the impact of innate, basic
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abilities should not be completely ignored in theoretical
models dealing with the acquisition of expertise. But as
even the developmental studies do not show substantial
influences of high ability or talent, one can easily accept
that the original approach of prospective research in
giftedness outlined above does not pay off in the long
run. In most theoretical models relating giftedness to
exceptional performance, the impact of early basic
abilities on performance later in life has been largely
overestimated.

On the other hand, it does not seem to require
much effort to change developmental models derived
from giftedness research into models compatible with
the expertise approach. For example, Renzulli’s (1986)
three-ring model of giftedness includes several compo-
nents highly important for the acquisition of expertise.
According to Renzulli’s model, aptitude, creativity and a
motivation plus context component determine giftedness
or talent. If one replaces talent by exceptional perfor-
mance and also gives a low weight to the aptitude and
creativity factors, as compared to the motivation and
context factor, one only needs to add a big knowledge
component in order to be in line with core assumptions
of the expertise approach.

Another modification of the theoretical framework of
expert performance was suggested by Schneider (1988,
1992). Schneider emphasized the fact that most studies
in adult expertise dealt with subjects of at least average
intelligence (e.g., physics professors, chess players). He
voted for a “threshold” model of exceptional perfor-
mance that can be described as follows: If the ability
parameter of a subject is close to or beyond a critical
or “threshold” value of ability (typically assumed to
be slightly above average), then individual differences
in noncognitive variables like commitment, endurance,
concentration, or motivation decide about peak perfor-
mance. In this case, it does not matter at all whether
the subject is gifted or only of normal intelligence.
Although this model appears intuitively plausible, one
of its problems lies in the definition of critical or
“threshold” scores for different domains (cf. Weinert,
1992). The boundaries may be well above average for
domains/tasks where complex problem solving activities
and strategy utilization are necessary components and
may be clearly below average for less complex domains
or tasks that mainly rely on automatical processes (e.g.,
pattern recognition processes or text processing).

Another model concerning the acquisition of expertise
and including ability components was developed by
Ackerman (1987). Following the theoretical assump-
tions of Fitts and Posner (1967), Ackerman assumes
that three stages of skill acquisition can be distinguished:
a first cognitive stage deals with the acquisition of
declarative knowledge. This is followed by an associative
stage, where elements of declarative knowledge are
composed into larger units and procedural knowledge
is gradually acquired and improved. Although the final,
automatic stage of skill acquisition does not differ from
the second as far as qualitative aspects of information
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processing are concerned, its unique features ma)’“z
seen in increased, optimal speed of processing as W&
fine-tuned and automatized problem solving activitie®.

According to Ackerman (1987, 1988), different &
tudes are necessary to master the three stages desc’ ol
above. Regarding the first cognitive stage, indi¥! o
differences in general intellectual ability seem to be
important. That is, the higher the general intelligenoe”
an individual, the faster declarative knowledge 2 ol
specific domain should be acquired. During the Secgw
associative stage, indicators of perceptual speed 3Ps of
to be particularly important for combining eleme':;uﬂl
declarative knowledge and initializing the proc€”
knowledge component. Finally, individual differen“.
psychomotor abilities seem most relevant for masté
the stage of automatization. N dﬂ’l

This model suggests that the impact of ind‘v:)w‘s
differences in basic intellectual abilities on the P" sup
of skill acquisition diminishes as a function of timé:
porting evidence for this assumption can be derive i
experiments conducted by Ackerman (1988, de:in?
with a variety of cognitive tasks. Although these f‘" e
confirm Ackerman’s core assumption concernifé he
changing role of basic intellectual abilities d“"ngleﬂ’
process of skill acquisition, it still remains U7 o0f
whether the role of perceptual speed and psych© wide
ability components can be generalized across 4
variety of domains.
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