
The Psychology of Abilities, 
Competencies, and Expertise 

Edited by 

ROBERT J. STERNBERG 
Yale University 

ELENA L. GRIGORENKO 
Yale University and Moscow 
State University 

I CAMBRIDGE 
UNIVERSITY PRESS 



 
PUBLISHED BY THE PRESS SYNDICATE OF THE UNIVERSITY OF CAMBRIDGE 
The Pitt Building, Trumpington Street, Cambridge, United Kingdom 

CAMBRIDGE UNIVERSITY PRESS 
The Edinburgh Building, Cambridge CB2 2RU, UK 
40 West 2oth Street, New York, NY 10011-4211, USA 
477 Williamstown Road, Port Melbourne, vie 3207, Australia 
Ruiz de Alarcon 13,28014 Madrid, Spain 
Dock House, The Waterfront, Cape Town 8001, South Africa 

http: // www.cambridge.org 

© Cambridge University Press 2003 

This book is in copyright. Subject to statutory exception 
and to the provisions of relevant collective licensing agreements, 
no reproduction of any part may take place without 
the written permission of Cambridge University Press. 

First published 2003 

Printed in the United States of America 

Tj/pe^JcePalatinoio/i3pt.      System KTgX2£   [TB] 

A catalog record for this book is available from (he British Library. 

Library of Congress Cataloging in Publication data 

The psychology of abilities, competencies, and expertise / Robert J. 
Sternberg, Elena L. Crigorenko, editors. 

p.   cm. 
Includes bibliographical references and index. ISBN 0-521-80988-6 - ISBN 0-521-
00776-3 (pb.) i. Ability.   2. Performance - Psychological aspects.   3. 
Expertise, i. Sternberg, Robert J.   n. Grigorenko, Elena. 

BF431.P375   2003 
i53-9-dc2i 2002034809 

ISBN o 521 80988 6 hardback ISBN o 
52100776 3 paperback 



The Search for General Abilities 
and Basic Capacities 

Theoretical Implications from the Modifiability and 
Complexity of Mechanisms Mediating Expert Performance 

K. Anders Ericsson 

The search within the social sciences for stable, invariant, and quan-
tifiable attributes of living organisms closely parallels historic inves-
tigations in the hard sciences in search of characteristics of physical 
phenomena. The revolutionary advances in physics in the sixteenth 
through eighteenth centuries allowed scientists to develop lawful re-
lations between characteristics of objects such as weight, size, and ve-
locity with their subsequent "behavior" (trajectories) under specified 
physical conditions (for example, collisions between objects). Similarly 
psychology, when it emerged as an independent science in the nine-
teenth century, approached its own quest to uncover laws of perception 
and memory under the guidance of pioneering scientists such as 
Hermann Ebbinghaus, with comparable scientific methods. Psychol-
ogy's focus was not, however, on the characteristics of physical objects, 
but on the search for invariant processes and attributes of individuals 
that could be quantified and used to predict human behavior and 
achievement. These same theoretical frameworks were subsequently ex-
tended to describe individual differences in ability, and finally used to 
predict performance in schools and other everyday settings. 

In this chapter I review the search for general ability and basic capac-
ities. I begin by briefly sketching the history of the study of individual 
differences and the methods pioneering investigators employed to de-
velop theoretical conceptions of ability and capacity. Most important, 
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94 K. Anders Ericsson 

I discuss the historical arguments for the existence of ability and capacity 
efforts to measure these quantities, and proposals for the biological 
mechanisms mediating the effects of ability and capacity on 
performance. I document how the study of extreme expressions of ability 
viewed by pioneering investigators (such as Franz Joseph Gall [175 
1828] and Sir Francis Gallon [1822-1911]) as the most promising source 
to find empirical evidence for the existence of underlying capacities. It 
was found that even the study of these eminent individuals made it 
difficult to identify the specific innate characteristics that mediated their 
superiority, encouraging Galton to develop compelling arguments to 
indirectly prove their existence. Galton's original arguments are still 
consistent with more recent theoretical approaches, and I have attempted 
to capture his fundamental assumptions about the nature of individual, 
differences in abilities and capacities. These fundamental assumptions 
are discussed, along with a review of recent studies on expert and 
exceptional performance. The final portion of the chapter demonstrates 
how the theoretical framework of expert performance offers alternative 
perspectives on the structure and acquisition of ability, especially high 
levels of ability.  

HISTORICAL BACKGROUND TO THE APPROACHES STUDYING, 
ABILITIES AND CAPACITIES  

 
The search for stable attributes of individuals to explain individual 
differences in behavior is a relatively recent endeavor. During the Middle 
Ages it was generally believed that God controlled the outcome of all 
events and actively guided the destiny of people and their actions. During 
this period, the desire to search for causes of behavior in the physical and 
biological attributes of individuals was considered blasphemous. In 
successive centuries, scientific advances revealed that our natural en-
vironment was governed by stable regularities, and that God influenced 
events, not with moment-to-moment interventions, but by the creation of 
natural laws. This "realization" permitted scientists the opportunity for 
careful observation and experimental analysis by which they were able to 
uncover these laws, and use such laws to accurately predict the 
"behavior" of objects. 

Scientists and philosophers eventually applied these same types of 
analyses to human behavior in an attempt to discover the stable at-
tributes of human beings. However, the everyday behavior of human 
adults, unlike the behavior of physical objects, varies considerably 
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situations as a function of motivation, and thus makes stable its of 
abilities difficult and controversial. It was therefore natural for the early 
investigators to seek out individuals with extraordinary abilities where 
the exceptional achievements were not questioned, therefore producing 
less controversial assessments of stable attributes f of human beings. 

 
Franz Joseph Gall and Phrenology 

In the eighteenth century, Gall made the revolutionary claim that the 
size and shape of the brain determined individuals' personality and 
abilities. This theory is often described as the first major step toward a 
science of the brain (Young, 1970). Gall also proposed that the brain areas 
associated with certain abilities could be found by looking for "bumps" on 
the skulls of individuals with extreme manifestations of a certain 
attribute. According to Young (1970, p. 33, original italics but underlining 
added): "The main criterion was that it be manifested independent of 
other characteristics of the individual or the species. When he found men 
or animals with an eminent talent or propensity he examined the form of 
the head for a cranial prominence. He collected and compared as many such 
correlations as he could find." Gall's method was thus based on the 
assumption that when "some particular quality is manifested in a much 
higher degree of activity than the others, it is fundamental" (Gall, quoted by 
Young, 1970, p. 36). 

Gall's initial efforts into examination of his theory provided cases 
that established new information about the structure of the brain, 
but as the number of cases kept coming in, a growing number of 
counterexamples began to arise as well (Young, 1970) even as they were 
argued away. One example of such a "counterexample" included the 
head shapes of statues of famous people with dear traits and abilities, 
which presented in the statue no obvious head bumps or cranial 
protrusions as predicted by Gall's theory. These cases were simply 
rejected, however, as incorrect renderings of the head by the sculptors. 
Other inconsistencies were explained away by arguing that the 
expected talent might have been lost to excesses or diseases. Even-
tually, more challenging counterexamples emerged. For example, "a 
young boy was found with remarkable calculating ability and a de-
pression where the prominence for numbers should have been" (p. 43), 
and Descartes' skull was found to be very small in the regions where 
the rational faculties were predicted to be located. Although complex 
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explanations could be generated to explain these counterexamples, it 
was becoming increasingly clear that the theoretical framework's ability 
to make precise predictions was flawed, and the approach eventually lost 
favor. 

Sir Francis Galton and "Heritable Genius" 

If Gall pioneered the search for biological markers of ability, then 
Sir Francis Galton provided the theoretical rationale and methodology to 
find the innate biological attributes and mechanisms that would explain 
eminent achievement and ability. In his famous book, Heritable 
Genius, Galton presented evidence suggesting the heritable influence 
on height and body size, and more important, an argument that similar 
innate mechanisms must determine mental capacities. Galton (1869/1979, 
pp. 31-32, underlining added) argues, "Now, if this be the case with 
stature, then it will be true as regard to every other physical feature -as 
circumference of head, size of brain, weight of grey matter, number of 
brain fibres, etc., and thence, a step on which no physiologist will 
hesitate, as regards mental capacity." 

Galton (1869/1979) clearly acknowledged the need for training to 
reach high levels of performance in any domain. He argued, however, 
that improvements are rapid only in the beginning of training and that 
subsequent increases become increasingly smaller, until "maximal per-
formance becomes a rigidly determinate quantity" (p. 15). According to 
Galton, the relevant heritable capacities set the upper bound for the attainable 
level in physical and mental activities. Once the training benefits have been 
attained through sufficient practice, then the immutable limit for perfor-
mance is attained, "where he cannot by any education or exertion over-
pass" (p. 15), and the maximal performance is achieved that "his nature 
has rendered him capable of performing" (p. 16). Gallon's immutable 
characteristics limiting performance must, by definition, have had an 
origin different from training, and thus, by inference, must have been in-
nately endowed. Gallon's argument for the importance of innate factors in 
elite performance is highly compelling, and thus has had a lasting 
impact on researchers. I critically review this argument's fundamental 
assumptions later in this chapter. 

It is important to note that Galton never was able to pinpoint which 
specific attributes or biological mechanisms determined "heritable" dif-
ferences in various capacities. Nevertheless, he pioneered the method-
ology of measuring individual differences in mental performance. He 
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also developed the correlation coefficient as a measure of how closely 
related different variables and factors are for a given sample of subjects. 

The Inductive Search for Mental Abilities and Capacities 

Toward the beginning of the twentieth century, numerous investigators 
collected data on the relation between performance and mental tests 
measuring basic cognitive functions of memory, attention, and perception. 
However, the patterns of correlation between tests measuring similar basic 
functions were not consistent across studies, and gave the appearance of 
being spurious (Anastasi, 1988; Brown and Thomson, 1921; Spearman, 
1904). Much of the large variability could be attributed to the testing of school 
children who differed greatly in age, or the use of small samples of adults. 
However, when Wissler (1901) tested basic mental processes on over 150 
college students, the correlations were low, and most not reliably different 
from zero. The correlation between these mental tests and the students' 
grades in different academic subjects were in the 0.0 to 0.3 range, even 
though the correlation between grades was mostly in the 0.5 to 0.7 range. 
Successful replications of Wissler's findings led Aikens, Thorndike, and 
Hubbell (1902) to argue that the tests measuring "speed of association" 
were not reliably correlated, and ability differences in the quickness of 
association of ideas was a myth. Other studies showed that performance on 
these types of tests could be improved with practice, but that these 
improvements were remarkably specific and did not transfer to other tests and 
types of stimulus materials (see Woodworm and Thorndike, 1901, for a 
pioneering study). 

In a very influential paper, Charles Spearman (1904) proposed how one 
could use statistical techniques for controlling for factors contaminating the 
influence of intelligence, such as participants' age and relevant experience, 
and to correct for observational errors and lack of test reliability. Spearman 
initiated a research tradition that developed methods for analyzing the full 
matrix of correlations between a large number of psychometric tests to 
identify latent factors that could account for the pattern of covariance. He 
found evidence for clusters of correlated tests in the same domain that could 
be explained by relevant experience and basic domain-specific abilities. 
Most important, he found evidence for a general factor, referred to by the 
simple letter g, that "explains the correlations that exist between even the 
most diverse sorts of cognitive performance" (Spearman, 1923, p. 5). 
Spearman found it difficult to 
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conceive what such a general mechanism might be, and speculated: "the 
factor was taken, pending further information, to consist in something of 
the nature of an 'energy' or 'power' which serves in common the 
whole cortex (or possibly, even the whole nervous system)" (p. 5). In 
later books, Spearman (1937) argued that g should "supplant all current 
determinations of 'mental age' or 'general intelligence'" (p. 241) and 
that its suggested innate nature would revolutionize the social 
sciences. 

The complex statistical procedures used by Spearman and others to 
extract general latent variables such as g from the massive bodies of 
data and patterns of correlations across large populations of individuals 
made it impossible to study and capture these phenomena in individual 
subjects. Most investigators, however, accepted Spearman's proposed 
procedures to separate general capacities from domain-specific cognitive 
skills and knowledge, and the idea of neural hardware (discussed later) 
had an important influence on subsequent research on individual 
differences. 

From Associative Learning to Information Processing Models of 
Human Cognition 

During the reign of behaviorism (c. 1920 through c. 1950), the focus of 
research in general psychology was on mechanisms mediating learning of 
simple associations in long-term memory (LTM). Consequently, the 
research of learning never encountered the need to propose limits on 
processing capacity and associated interindividual differences. It was 
only when researchers became interested in contrasting the speed of 
human performance to that of machines and computers that investigators 
found it appropriate to describe human performance as limited by 
channel capacities. When scientists in the 19503 started to address complex 
cognitive processes such as concept formation, problem solving, and 
decision, they saw important parallels between computers and humans in 
that both could be viewed as instances of information-processing systems. 
Newell and Simon (1972) proposed a theory explicating a set of specified 
information-processing constraints for humans and described how human 
information-processing models could be designed for a wide range of 
cognitive tasks. These models could be implemented as completely 
specified models in the form of computer programs that could produce 
performance on laboratory tasks that matched the observable behavior 
and performance of humans. 
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The computer as metaphor for human cognition suggests a distinction 
between software and hardware. Humans can typically easily acquire 
new knowledge and skills, which is roughly comparable to the ease of 
exchanging and revising software (that is, computer programs and an 
operating system) on a computer. In fact, the observable behavior and 
performance of humans on a wide range of laboratory tasks can be 
reproduced by information-processing models implemented as computer 
programs. On the other hand, the hardware of the computer with its 
central processor and internal and external memories is fixed, and such 
hardware components determine the available memory capacity and 
overall processing speed. In a similar manner, the basic parameters of the 
nervous system and the brain in adult humans were typically believed to 
be fixed and thus not modifiable by experience and training. Hence, the 
neural "hardware" would seem a very plausible locus for innate 
differences between individuals in basic memory capacity and speed of 
elementary processes that would influence the performance in most 
tasks in differing degrees. Ever since George Miller's (1956) classical 
paper on the magical number of seven, the limits of short-term memory 
(STM) have been seen as quantifiable capacity of human cognition and a 
critical bottleneck for processing a possible source of individual 
differences. Newell and Simon (1972, p. 865) write that "Differences in 
the capacity of STM, for example, probably play a large role in the 
functional difference between the very young and the mature, and 
between those we consider intellectually sub-normal and those we 
consider normal." In the subsequent three decades, investigators have 
become interested in the related ideas of limits of working memory 
and/or attention as likely sources of individual differences in processing 
capacity and general ability (Miyake and Shah, 1999). 

Some Fundamental Assumptions in the Search of Basic 
Capacities and General Abilities 

My historical sketch shows that eminent psychologists have taken for 
granted that individual differences - especially those of outstanding 
individuals - can be explained by some measurable underlying mech-
anism that has a biological and innate basis, much as we know that the 
length of bones determine height and body size in a very heritable 
manner (compare Gallon's suggestive analogy). If the neurological 
mechanisms have innately determined limits (like the length of most 
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bones in our bodies), these limits cannot be improved by training and, 
by inference, individual differences in maximal performance are in-
nately fixed. 

Rather than simply accepting this inference, I review the empirical 
evidence on the modifiability of performance and its mediating biological 
mechanisms as a result of extended practice. My review will show that the 
mediating biological mechanisms and the observable performance can be 
improved substantially even when individuals are highly experienced. I also reject 
Gallon's hypothesis that performance after practice has removed all 
trainable aspects, and thus becomes rigidly constrained by fixed innate 
capacities. Drawing on the research on expert performance, I will review 
evidence demonstrating that expert performance is mediated by complex 
modifiable representations that allow experts to exhibit faster speed, superior 
selection of actions, and more precise motor execution. 

In the third and final section, I discuss the major challenges to any 
account of individual differences based primarily on acquisition. What are 
the processes that mediate the construction of complex mechanisms, and 
why do only a small fraction of individuals in a domain reach the 
highest levels? My conclusion will discuss the theoretical implications of 
the structure of an expert's acquired superior performance for the 
current practice of "quantifying" latent variables - such as capacities 
and abilities - that are hypothesized to determine individual differences in 
performance. 

THE MODIFIABILITY OF PERFORMANCE AND ITS 
MEDIATING MECHANISMS 

If psychometric tests measure basic nonmodifiable capacities and pro-
cesses, then one would predict that this performance should be highly 
reliable across multiple test occasions. In particular, Gallon's hypothesis 
would predict increased stability of performance and greater range of 
individual differences with opportunities for practice. 

In my introductory review, I remark that investigators in the begin-
ning of the twentieth century found substantial practice effects with 
laboratory tasks designed to measure simple mental functions. Even 
psychometric tests were shown to have a similar problem with practice 
effects. Greene (1937) found that college students' performances on a 
large number of psychometric tests improved substantially after they 
had taken the tests several times. Some psychometric tests, such as Koh's 
cube design and Minnesota space relation tests, showed between 
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50 percent and 100 percent improvement. Other tests, such as auditory 
digit span, showed intermediate improvement in a range around 10 
percent. Some tests measuring speed of movement and sensory dis-
criminations showed negligible gains. However, one should not infer 
from Greene's study that sensory judgments could not be improved by 
practice. In an extensive review Gibson (1969) showed that when the 
amount of practice with feedback increased, improvements on sensory 
discrimination and other types of perceptual tasks were large. 

Large Practice Effects after Extended Practice 

One of the most striking and reproducible processing constraints for 
humans concerns the limited capacity of their STM (Miller, 1956). In 
the 19603 and 19705, investigators repeatedly demonstrated college stu-
dents' inability to repeat correctly more than around nine presented 
digits - roughly a phone number with an unfamiliar area code. Would it 
be possible to increase the capacity of STM, commonly believed to be the 
primary constraint on information processing? 

Bill Chase and I (Chase and Ericsson, 1982; Ericsson, 1988; Ericsson, 
Chase, and Faloon, 1980) recruited college students to be repeatedly 
tested on the standard test of STM - the digit span - for an hour every 
other day for many weeks and months. When we tested their STM before 
the start of the training, their recall performance was normal and limited to 
around seven digits. All the trained students increased their memory 
performance by 200 percent to over twenty digits after around fifty hours of 
practice on this task. After two hundred to four hundred hours, two of 
them improved their recall by more than 1000 percent (over eighty 
digits). Experimental analyses showed that the students had acquired a 
memory skill for rapid retrievable storage in LTM, and Ericsson and 
Kintsch (1995) showed that the same mechanisms of long-term working 
memory (LTWM) mediate reading and comprehension - skills attained by 
all educated adults. Furthermore, memory experts and expert per-
formers are shown to acquire related LTWM mechanisms to improve 
their ability to expand their functional working memory (Ericsson and 
Lehmann, 1996). For example, these LTWM mechanisms allow chess 
masters to plan out possible move sequences mentally while selecting 
moves to a degree that they are able to play blindfold chess, that is, to 
play chess without a visible chess board. 

The effects of specialized training are by no means limited to memory 
and other cognitive capacities. With specific practice, speed of 
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performance increases considerably, and even physiological capacities 
can be markedly improved (Ericsson, Krampe, and Tesch-Romer, 1993). 
For example, Astrand and Rohdahl (1977) reported that the ability to 
sustain powerful activity could increase by over 5000 percent in some 
group studies. Let me also give one striking example of the effects of 
practice for a familiar activity often used to assess physical fitness where 
the improvements are far greater than most people believe possible. 
Physically fit adults, such as college students in a physical education 
class can make around twenty push-ups in a row, with a range from 
eight to thirty-two. However, in 1966 one individual was able, after ex-
tended practice, to achieve a new record for consecutive push-ups and 
completed over six thousand in a row. This record did not last long and 
has been broken again and again. The current record is over twenty-six 
thousand and is limited to the number of push-ups completed within 
twenty-four hours. This amounts to an improvement of push-up perfor-
mance of 100,000 percent or an average of a completed push-up every 
three seconds for twenty-four hours straight. The possibility of changes in 
performance on tasks originally designed to measure stable capacities, such 
as anaerobic fitness, boggles the mind. 

The Applicability of the Hardware versus Software Distinction for 
Biological Systems 

When extended practice is permitted, the modifiability of the human 
body and its nervous system differs greatly from that of computers and 
other types of machines. Humans and other biological systems are able to 
change their "hardware," that is, their cells and organs. In contrast to 
machines, humans are able to heal wounds and broken bones, as well 
as build their organs to assist the body in adapting to repeated strain 
induced by practice and performance. Humans do not wear out from 
performing repetitive action (as long as the actions do not seriously 
injure tissue, and sufficient recuperation periods are allowed to avoid 
repeated stress injuries). Animals and humans are able to adapt over 
time, and will increase efficiency of repetitive actions (Bernstein, 1996). 
For example, it is well documented that adults have to engage in intense 
aerobic exercise to improve aerobic fitness. Specifically, young adults 
have to exercise at least a couple of times each week for at least thirty 
minutes per session with a sustained heart rate that is 70 percent of their 
maximal level (around 140 beats per minute for a maximal heart rate of 
200). Similarly, improvements of strength and endurance require 
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that individuals strain themselves on a weekly basis and each training 
session push the associated physiological systems outside the comfort 
zone, stimulating physiological growth and adaptation (Ericsson, 2001a, 
2001b). 

When the human body is put under exceptional strain, a whole range of 
extraordinary physiological processes are activated. For example, 
when an adult donates a kidney, the remaining kidney is insufficient to 
perform the clearance of waste products from the body. This insuf-
ficiency leads to a chemical reaction that signals the remaining kidney to 
grow in size to make up for the lost functioning of the missing kidney. 
During a period of a few weeks, the remaining kidney grows by around 
70 percent to handle the increased load. Similar adaptations occur 
when individuals start training for long-distance running. Sustained 
running causes an oxygen deficiency in the affected muscles, which 
results in physiological strain that causes capillaries to grow and develop 
around the muscles within the first few weeks of regular training to 
permit muscle growth and development. Drawing on similar types of 
mechanisms, specific changes in various areas of the brains of animals 
have been induced by different types of physical activity (Black, 
Isaacs, Anderson, Alcantara, and Greenough, 1990). In fact, recent reviews 
(Buonomano and Merzenich, 1998; Kolb and Whishaw, 1998) show that 
the function and structure of the brain is far more adaptable to experience, 
especially early and extended experience, such as the effects of early 
practice by expert musicians (Elbert, Pantev, Wienbruch, Rockstoh, and 
Taub, 1995; Schlaug, Jancke, Huang, Staiger, and Steinmetz, 1995). 

Adults are able to generate demanding, exceptional situations for 
their bodies by engaging in vigorous practice with a regular frequency 
and gradually increased intensity over extended time. The long-term 
responses to these physiological challenges allow elite athletes to tran-
scend the typical physiological capacities necessary for everyday life. 
When we include all the evidence for training-related changes in the size of 
hearts, thickness of bones, and allocation of cortical areas in the brain, we 
see that virtually all aspects of humans' bodies and nervous systems are 
modifiable, with the exception of height and body size (Ericsson, 
2002a, 2002b). 

These and other examples raise doubt that fixed innate capacities 
limit an individual's ability to reach the highest levels of performance. 
Reviews of expert performance (Ericsson, 1996; Ericsson and Lehmann, 
1996) have uncovered no evidence of characteristics that are critical to 
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expert performance that cannot also be altered or circumvented with 
extended practice. There are some well-documented exceptions to this 
general principle, such as physical height and body size. (There is an 
obvious advantage to being a taller player in basketball and a shorter 
participant in gymnastics, and there is no known practice activity that 
can increase the length of bones and the associated height of humans.) 
When one excludes height-related characteristics, however, recent re-
views (Ericsson and Lehmann, 1996; Howe, Davidson, and Sloboda, 
1998) have not found any accepted evidence that innate characteristics 
are required for healthy adults to attain elite performance. When ap-
propriately designed training is maintained with full concentration on a 
regular basis for weeks, months, or years, there appears to be no firm 
empirical evidence for innate capacities besides physical size that limits 
the attainment of high level performance. Consequently, height and body 
size appear to be qualitatively different from other anatomical and 
physiological characteristics, and rather than being typical examples of a 
general rule, as Sir Francis Galton suggested, the characteristics appear to 
be rare exceptions. 

Perhaps the best evidence against a well-defined upper bound for in-
dividuals' capacity to perform is found in professional domains, where 
experienced individuals have repeatedly shown that they are able to 
increase their attained stable performance when they are sufficiently 
motivated (Ericsson et al., 1993). Similar increases in performance at 
the highest levels can be inferred from the improvements of perfor-
mance across long periods of time. The best evidence for the value of 
current training methods and practice schedules comes from historical 
comparisons (Ericsson et al., 1993; Lehmann and Ericsson, 1998). 
Historically, very dramatic improvements in the level of performance 
are found in the sports domain. In competitions such as the marathon 
and swimming events, many serious amateurs of today could easily 
beat the gold medal winners of the early Olympic Games. For example, 
after the fourth Olympic Games in 1908, the Olympic committee 
almost prohibited double somersault dives because these dives were 
thought to be dangerous and could not be controlled. Today, divers 
have not only mastered double somersaults, but dives of far greater 
complexity. 

This remarkable adaptability at the level of physiological, behav-
ioral, and cognitive systems presents a major challenge to the view that 
nonmodifiable capacities and characteristics limit the attainable per-
formance of individuals. On the other hand, these findings raise new 
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questions, such as what is the structure of skilled performance that allows it to 
be gradually changed and improved? 

THE COMPLEXITY OF THE MECHANISMS MEDIATING THE 
SUPERIOR PERFORMANCE OF EXPERTS 

In my historical sketch, I describe Gallon's compelling argument for 
why superior performance after sufficient experience would be con-
strained by general capacities that could not be modified. In light of 
the demonstrated modifiability of human performance after extended 
practice, however, we now face the challenge of identifying the detailed 
mechanisms that allow individual experts to keep improving and even-
tually attain and exhibit vastly superior performance. 

Ericsson and Smith (1991) proposed that, in order to describe these 
mechanisms, we need to identify and examine individuals who are able to 
perform repeatedly at a higher level than others. It would be rea-
sonable, too, to identify experts within a wide variety of domains and 
study their superior performance in these differing areas. Finding indi-
viduals with superior performance turned out to be surprisingly chal-
lenging, because experts in many domains, such as investing, auditing, 
and clinical therapy, have not been found to perform at a level superior 
to other experienced individuals on representative tasks in their 
domains (see Ericsson and Lehmann, 1996, for a review). For example, 
highly experienced psychotherapists are not more successful in treatment 
of patients than novice therapists (Dawes, 1994) and stock market experts 
and bankers are not able to forecast stock prices reliably better than 
university teachers and students (Stael von Holstein, 1972). Con-
sequently, Ericsson and Smith (1991) argued that the scientific study of 
expert and exceptional performance must be restricted to individuals with 
reliably superior performance characteristics. Once we have found individuals 
who can repeatedly perform at an exceptional level, then we should 
attempt to capture and reproduce their performance in the laboratory so 
we can use standard process tracing and experimental techniques to 
assess the structure of the mechanisms mediating their exceptional 
performance. 

In many domains there have evolved procedures for fair measure-
ment of superior performance. Over time, methods of measuring per-
formance have become extremely precise, and a tenth or a hundredth of a 
second may distinguish the winner in swimming and sprinting events. In 
many sports, the conditions of competition are highly standardized 
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so that it is common to use an individual's best performance at local and 
regional competitions to assess his or her qualifications to participate in 
national and international competitions. 

Competitions in music, dance, and chess have a similar long history of 
attempting to design standardized situations that allow fair competition 
between individuals. In all these domains, elite individuals reliably 
outperform less accomplished individuals. Expert performers can re-
liably demonstrate their performance any time when required during 
competitions and training, and are thus also capable of reproducing 
their superior performance under controlled laboratory conditions. 

Recent reviews (Ericsson, 20013,2ooib; Ericsson and Lehmann, 1996) 
have shown that the performances of experts have been successfully re-
produced in the laboratory, where methods of process tracing, such as 
analysis of think-aloud protocols and eye movements have been ap-
plied to assessing mechanisms that mediate experts' superior perfor-
mances. In this chapter I briefly discuss three general characteristics of 
distinguishing expert performance: the ability to select superior actions, 
the ability to generate rapid reactions, and the ability to control movement 
production. 

The Ability to Select Superior Actions 

Most of us have had the experience of facing a superior opponent in 
chess or other competitive games. Whatever move we select, the expert 
has already anticipated the move, seemingly remaining several steps 
ahead of our strategy. In his pioneering work on chess expertise, de 
Groot (1946/1978) was the first to repeatedly reproduce this type of 
superior performance in the laboratory. He instructed good and world-
class chess players to think aloud while they selected the best move in a set 
of unfamiliar chess positions taken from games of chess masters. The 
superior quality of the moves that the world-class chess players selected 
were closely associated with their higher chess skill, and later research 
validated the move-selection task as the best available assessment of 
chess skill (Ericsson and Lehmann, 1996; Ericsson, Patel, and Kintsch, 
2000). Verbal report evidence revealed that all of the chess players first 
perceived, then interpreted, the chess position in order to retrieve potential 
moves from memory. Promising moves were then evaluated by mentally 
planning out the consequences of sequences of move exchanges. During 
this evaluation, even world-class players were able to discover better 
moves. Hence, the performance of experts is mediated by increasingly 
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complex control processes. Although chess experts can rapidly retrieve 
appropriate actions for a new chess position (compare Calderwood et 
al., 1988 and Gobet and Simon, 1996), their move selection can be further 
improved by planning, reasoning, and evaluation (Ericsson et al., 2000). 
The superior ability of highly skilled players to plan out consequences of 
move sequences is well documented. In fact, chess masters are able to 
play blindfold, without a visible board showing the current position, at a 
relatively high level (Karpov, 1995; Koltanowski, 1985). Experiments 
show that chess masters are able to follow chess games in their head 
when the experimenter reads a sequence of moves from a chess game, 
and are also able to retrieve any aspect of the position when probed by the 
experimenter (see Ericsson and Oliver's studies described in Ericsson and 
Staszewski, 1989). Highly skilled players can even play several 
simultaneous games mentally, thus maintaining multiple chess positions 
in memory (Saariluoma, 1991). 

The same paradigm has been adapted to study other types of expertise 
where experts have been presented with representative situations, such 
as simulated game situations, and asked to respond as rapidly and 
accurately as possible. Recent reviews (Ericsson, 1996; Ericsson and 
Kintsch, 1995) show that expert performers have acquired refined mental 
representations to maintain access to relevant information and to 
support flexible reasoning about an encountered task or situation. In 
most domains better performers are able to rapidly encode and store 
relevant information for representative tasks in memory so that they 
can efficiently manipulate the information mentally. For example, with 
increased chess skill, chess players are able to plan more deeply, gen-
erate longer mental sequences of chess moves, and evaluate the associated 
consequences. Similar evidence for mental representations has been shown 
for motor-skill experts such as snooker players and musicians (Ericsson 
and Lehmann, 1996). 

The Ability to Generate Rapid Reactions 

It is a common belief that athletes are able to hit fast balls or pucks 
because they can see better (superior vision) and exhibit greater quickness 
(faster reactions). However, expert athletes cannot be distinguished from 
their less skilled peers by superior basic abilities or faster speed on 
simple RT tasks. The superior performance of such athletes has been 
shown to reflect specialized perceptual skills, and not superiority on 
standard tests of visual ability (Williams, David, and Williams, 1999). 
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The rapid reactions of athletes, such as hockey goalies and tennis 
players, have been found to reflect acquired skills involving the antici-
pation of future events. For example, when highly skilled tennis players 
are preparing to return a serve, they study the movements of the opponent 
leading up to contact between the ball and the racquet to identify the 
type of spin and general direction of the ball. Given the ballistic and 
biomechanical nature of a serve, it is often possible for skilled players to 
anticipate outcomes far better than chance can explain. Thus, the advantage 
of expert athletes reflects primarily anticipatory skills rather than an 
innate neural speed advantage over their less accomplished peers 
(Abernethy, 1991). 

Mediating cognitive representations can similarly account for the su-
perior speed of expert typists and the faster rate of their typing move-
ments. The key to the expert typists' advantage involves the ability to 
look beyond the word they are currently typing (Salthouse, 1984). By 
looking further ahead they are able to acquire skills to prepare future 
keystrokes in advance, moving relevant fingers toward their desired 
locations on the keyboard. This finding has been confirmed by analysis of 
high-speed films of expert typists and experimental studies in which 
expert typists have been prevented from looking ahead. It is important to 
note that novice typists use an entirely different strategy and usually type 
only a small group of letters at a time in a piecemeal fashion. The 
perceptual skill to prepare sequences of typing movements in advance to 
allow continuous typing at a high speed must have been acquired later 
at a more advanced level of skill. 

The Ability to Control Movement Production 

Expert performers often confront unfamiliar situations where they have to 
generate complex sequences of movements. For example, when 
expert musicians perform unfamiliar music, a technique called sight-
reading, such experts demonstrate their ability to mentally plan how 
their fingers will strike the keys to retain control and minimize in-
terference between fingers (Drake and Palmer, 2000; Lehmann and 
Ericsson, 1993, 1996; Sloboda, 1984; Sloboda, Clarke, Parncutt, and 
Raekallio, 1998). Evidence for the mental representation of pieces of 
music comes from studies showing that expert pianists retain control 
over their motor performance even after a piece of music has been 
memorized. In laboratory studies expert pianists have been able to 
perform music without additional practice under changed conditions, 
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such as a different key or a slower tempo (Lehmann and Ericsson, 
1995, 1997)- 

At a higher level of expertise, musicians attain a higher level of 
control than novices and can repeatedly reproduce a given musical 
performance with its subtle variations in tempo and volume (Ericsson 
et al., 1993). Similarly, elite athletes, such as highly skilled golfers, are 
able to perform the same action, such as putt or drive, several times 
more consistently than less skilled athletes (Ericsson, 20013). More 
generally, empirical studies show that experts acquire mental 
representations that allow them to internally monitor and compare 
their concurrent performance with their desired goal, such as the 
intended musical sound or desired motor action, and thereby continue 
to improve their control over their performance. 

Summary and Comments 

When expert performance is studied with representative tasks, we find 
that the mechanisms that mediate the superior performance are not 
nonmodifiable basic capacities, but surprisingly complex mechanisms 
highly specific to the task domain. These experts have acquired 
mechanisms that transcend the limiting factors constraining a novice's 
performance. The novices' working memory problems are no longer 
relevant for experts who rely on acquired memory skills and LTWM 
to support their extensive working memory needs for planning, 
reasoning, and evaluation. The novices' problems with slow speed of 
cognitive and motor processes are made irrelevant with experts' 
acquired mechanisms mediating superior anticipation. The experts' 
need for higher consistency and control of motor actions is met with 
the development of more refined techniques tailored to the specific 
demands of the superior performance in the respective domain of 
expertise. As the principal mechanisms mediating experts' 
performance have not yet been acquired by novices, it is not surprising 
that the prediction by psychometric tests of individuals' ultimate 
expert performance has been so disappointingly poor (Ericsson et al., 
1993; Ericsson and Lehmann, 1996). 

EXPLANATION OF INTER- AND INTRA-
INDIVIDUAL DIFFERENCES IN SKILLED 
PERFORMANCE 

Expert performance was shown in the previous section to be mediated 
by complex mechanisms that allow the performers to increase speed, 
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consistency, and memory capacity only for activities in a given 
domain of expertise. These findings strongly suggest that expert 
performance is primarily acquired, and that learning mechanisms 
account for vast improvements in the performance of each individual, 
because there is no possibility to change a given individual's genetic 
endowment and associated innate potential. 

If skill acquisition can explain striking differences between the per-
formances of the same individual at the introduction to the domain 
and as a mature elite performer (intra-individual differences), then one 
is faced with the challenge of accounting for how the same mecha-
nisms could explain large differences in the final performances of 
adults (inter-individual differences). Traditional theories of skill 
acquisition in psychology (Fitts and Posner, 1967; Anderson, 1982) 
do not propose explanations for how expert performance is acquired. 
They propose mechanisms for how adults reach an acceptable level of 
performance in everyday and recreational activities, such as typing 
and playing golf. I will first describe these accounts for typical 
performance, and then discuss how the acquisition of expert 
performance differs from the typical. 

THE ACQUISITION OF AMATEUR AND TYPICAL 
LEVELS OF PERFORMANCE 

When individuals are first introduced to an activity such as driving a 
car or typing or playing golf, their primary goal is to reach a level of 
mastery that will allow them to perform everyday tasks or engage in 
recreational activities with their friends. During the first phase of 
learning (Fitts and Posner, 1967), novices try to understand the 
activity and concentrate on avoiding mistakes, as illustrated in the first 
part of the lowest curve in Figure 4.1. With more experience in the 
middle phase of learning, gross mistakes become increasingly rare, 
performance appears smoother, and learners no longer need to 
concentrate as hard to perform at an acceptable level. After a limited 
period of training and experience - frequently less than 50 hours for 
most ordinary activities, such as typing, playing tennis, and driving a 
car - an acceptable standard of performance is typically attained. As 
individuals adapt to a domain and their performance skills become 
automated, they may lose conscious control over execution of those 
skills and it may become difficult to intentionally modify the skills. 
Once the automated phase of learning has been attained, further 
experience will not markedly improve performance. Consequently, 
the correlation between amount of experience and performance will 
be low, 
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and it is common to find recreational golfers, tennis players, and skiers 
who have not improved their performance after years, or even 
decades, of regular experience. Similarly, there is a weak relation 
between performance and length of experience after individuals have 
gained their initial experience during the first year (Ericsson and 
Lehmann, 1996). However, these stable levels of attained 
performance do not reflect a firm upper bound and when individuals 
are motivated to improve their current level of performance by 
training they are able to do so, and their performance can gradually be 
improved, often in a consistent manner (Ericsson et al., 1993). 

The Acquisition of Expert Performance and Its 
Mediating Mechanisms 

In contrast to the rapid stabilization of the performance in everyday 
and recreational activities, performance of future experts continues to 
improve with more experience for years and decades (Ericsson and 
Lehmann, 1996). The long preparation time is not an artifact due to the 
fact that the best performers start in their domains at early ages. 
Outstanding swimmers, tennis players, musicians, and chess players 
frequently start at very young ages. The average starting age for elite 
performers is around six years in many of the major domains (Ericsson et 
al., 1993). However, experts in most domains continue to improve even 
after full maturation of the body and brain, which typically happens 
around the late teens in industrialized countries. The expert performers 
typically reach their highest level of performance many years, or even 
decades, later. For example, in many vigorous sports, athletes attain top 
performance in their mid- to late twenties; for fine-motor athletic activities 
and the arts and sciences, it is a decade later, in the thirties and forties 
(Lehman, 1953; Schulz and Curnow, 1988). Furthermore, the most 
compelling evidence for the role of vast experience in expertise is that 
even the most "talented" individuals require around ten years of intense 
involvement before they reach an international level, and for most 
individuals it takes considerably longer. Simon and Chase (1973) originally 
proposed the Ten-Year Rule, showing that no modern chess master had 
reached the international level in less than approximately ten years of 
playing. Subsequent reviews show that the Ten-Year Rule extends to 
music composition, as well as to sports, science, and the arts (Ericsson et 
al., 1993). The striking difference between the development of elite and 
average performance appears unrelated to the overall duration of 
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individuals' experience in the domain, but is rather reflected in the par-
ticular types of domain-related activities in which the future experts 
choose to engage. 

The key challenge for aspiring expert performers is to avoid the 
arrested development associated with automaticity that is seen with 
everyday activities and instead acquire cognitive skills to support con-
tinued learning and improvement. The future expert performer actively 
counteracts the tendency toward automating performance by engaging 
in training activities. These training activities are specifically designed, 
typically with the help of teachers and coaches, to go just beyond the future 
experts' current reliable level of performance, referred to by Ericsson et 
al. (1993) as deliberate practice. These discrepancies between their actual 
and desired performance force the future expert performers to exert full 
concentration during practice, and "stretch" their performance by 
repeated attempts at higher performance levels. In addition, the raised 
performance standards cause experts to make mistakes. These failures 
force future expert performers to continuously refine their task 
representations so they continue regenerating the initial cognitive phase, as 
shown by the top curve in Figure 4.1. Experts continue to acquire and 
refine cognitive mechanisms that mediate continued learning and im-
provement. These mechanisms are designed to increase the experts' ability 
to monitor and control these processes (Ericsson, 1996,1998,2001a, 
2001b). Most significantly, improvement in individuals' reproducible 
performance requires continued, often increased, levels of deliberate 
practice to change the mediating mechanisms. Without deliberate practice, 
the performer is likely to stagnate and prematurely automate his or her 
performance, as shown in the middle arm of Figure 4.1. 

The acquisition of expert performance in most domains of expertise 
depends critically on access to training resources and follows a pre-
dictable course for most individuals. Many types of domains of expertise, 
such as music, figure skating, and ballet, involve mastering in-
creasingly complex and challenging sequences of motor actions. In all 
these domains, guidance and instruction are crucial, and no performer 
reaches the elite levels without the help of coaches and teachers. Inter-
national level performers start practice at very young ages, as young as 
three or four years of age, are given instruction by teachers, and are 
helped to engage in practice by their parents for their entire develop-
ment cycle until adulthood (Bloom, 1985; Ericsson et al. 1993; Ericsson 
and Lehmann, 1996). The types of training activities (deliberate practice) 
that are necessary for development of mechanisms mediating expert 
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performance differ for different domains and the experts' level of current 
mastery. 

The Acquisition of Highly Technical Skills 
In domains with long traditions of successfully trained expert performers 
(such as music and ballet), teachers over centuries have developed a 
consensus about how to present the techniques and knowledge of the 
domain in an organized sequence. Let me illustrate this in the domain of 
music. In the training of music students, the focus is on a gradual 
development of the skill of performing music in public. Students start by 
mastering simple pieces of music with a focus on accuracy of keystrokes, 
but as they increase in mastery the teachers select more challenging pieces 
and have expectations for musical expression. When students repeatedly 
practice new and challenging pieces, their difficulties in mastering the 
pieces reveal weaknesses in their representations and technical skills. 
Depending on the type of problems, the teacher will recommend a 
specific type of deliberate practice to improve that aspect of the student's 
performance. Over the years many effective training methods have been 
devised to help musicians change their processes and representations. 
However, only the students themselves are able to address their own 
specific performance problems. Eventually, through problem solving, 
students can generate the specific modifications that, with extended 
practice, can be fully integrated with the complex representations that 
mediate their performance of complete pieces of music. The importance 
of solitary practice to master new pieces and techniques (deliberate 
practice) has been demonstrated by showing a close relation between the 
amount of deliberate practice accumulated during musicians' development 
and the level of attained music performance - even within groups of 
expert musicians (Ericsson, 2001b, for a review). The musicians in the 
most elite group were estimated to have spent over ten thousand hours in 
solitary practice by the age of twenty (Ericsson et al., 1993). Later studies 
have replicated the relation between attained level of skill and the amount 
of deliberate practice accumulated during the musicians' development 
(Krampe and Ericsson, 1996; Lehmann and Ericsson, 1996; Sloboda, 
1996; Sloboda, Davidson, Howe, and Moore, 1996). 

In other performance domains such as ballet, gymnastics, figure skat-
ing, and platform diving, there is a similar progression through increas-
ingly difficult tasks, in which the guidance of a teacher is critical for 
success. Studies find that even in these domains, the level of attained 
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performance is related to the accumulated amount of deliberate practice 
(Starkes, Deakin, Allard, Hodges, and Hayes, 1996). However, there are 
domains where large improvements in performance are regularly 
attained without teachers, where individuals can increase the level of 
difficulty by seeking out more challenging situations, such as skiing 
more difficult slopes, or playing with older or better players in tennis 
and soccer. 

The Acquisition of Increased Performance Speed The best insights into 
how speed of performance can be increased through deliberate 
practice are provided by extensive research on typing. The key finding is 
that individuals' typing speed is not completely fixed. It is possible for all 
typists to increase their typing speed by pushing themselves as long as 
they can sustain full concentration, which is typically about fifteen to 
thirty minutes per day for untrained typists. While straining to type at 
a faster speed - typically around 10 to 20 percent faster than their 
normal speed - typists seem to strive to anticipate better, possibly by 
extending their gaze ahead further. The faster tempo also serves to 
uncover keystroke combinations that are comparatively slow and 
poorly executed. By successively eliminating weaknesses, typists can 
increase their average speed and practice at a rate that is still 10 to 20 
percent faster than the new average typing speed. In domains where speed 
and efficiency of performance present the primary challenge to expert 
levels, it is possible to attain high levels of performance with less 
instruction than in the highly technical domains. Even in domains 
focusing on speed, there is evidence for the role of deliberate practice in 
attaining the highest levels of performance. Elite athletes are shown to 
spend more time in solitary practice and/or practice with their teammates 
(Helsen, Starkes, and Hodges, 1998; Hodges and Starkes, 1996; Starkes 
et al., 1996). An important aspect of expert performance in team sports, 
such as soccer and land hockey, concerns the selection of the correct 
actions in game situations. 

The Acquisition of Superior Skills to Select Actions The best insights into 
how it is possible to improve one's ability to generate superior plans and 
actions come from the study of chess expertise. Future chess experts spend 
as much as four hours a day studying games between chess masters 
(Ericsson et al., 1993). They play through the games one move at a time 
to see if their selected moves match the moves originally selected by the 
masters. If a chess master's move differed from 
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their own selection, it would imply that their planning and evaluation 
must have overlooked some aspect of the position. Through careful, 
extended analysis, the chess expert is generally able to discover the rea-
sons for the chess master's move. By spending a longer time analyzing 
the consequences of moves for a chess position, players can improve 
the quality of their future move selections. The amount of accumulated 
solitary study in chess is the best predictor of current chess performance. 
International chess masters accumulate around six thousand hours of 
solitary study during the first ten years of chess playing (Charness, 
Krampe, and Mayr, 1996). 

Deliberate Practice and Expert Performance: General Comments 

The acquisition of expert performance extends over years and even 
decades, but improvement of performance is not an automatic conse-
quence of additional experience. Merely performing the same activities 
repeatedly on a regular daily schedule will not lead to further change 
once a physiological and cognitive adaptation to the current demands 
has been achieved. The principal challenge for attaining expert performance is 
that further improvements require continuously increased challenges that raise the 
performance beyond its current level. The engagement in these selected 
activities designed to improve one's current performance is referred to as 
deliberate practice. Given that these practice activities are designed to be 
outside the aspiring experts' current performance, these activities 
create mistakes and failures in spite of the performers' full concentration 
and effort - at least when practice on a new training task is initiated. Failing 
in spite of full concentration is not viewed as enjoyable and creates a 
motivational challenge (Ericsson et al., 1993). For example, it is 
understandable that musicians are reluctant to take on a difficult piece 
they cannot give musical expression to or that ice skaters hesitate to 
attempt new jumps that are likely to make them fall repeatedly on the 
hard ice. Recent observational studies (Deakin, 2001) show that sub-elite 
ice skaters spend more time on jumps that they have already mastered, 
whereas elite ice skaters allocate more time to the more difficult jumps, 
where failure rate is higher and the likelihood of improvement greater. 
Once we conceive of expert performance as mediated by complex in-
tegrated systems of representations for the execution, monitoring, plan-
ning, and analyses of performance, it becomes clear that its acquisition 
requires an orderly and deliberate approach. Different forms of deliberate 
practice focus on improving specific aspects of performance while 
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assuring that attained changes can be successfully integrated into repre-
sentative performance. Hence, practice aimed at improving integrated 
performance cannot be performed mindlessly nor independent of the 
representative context for the target performance. 

The early research on deliberate practice in music (Ericsson et al., 
1993) showed that the engagement in deliberate practice is constrained. 
When music students start practicing, they average one hour per week, 
often split into fifteen to twenty minute sessions. The weekly amount of 
solitary practice increases over the next ten to fifteen years to around 
twenty-five to thirty hours per week for full-time students at the 
academy. The constraint on deliberate practice doesn't seem determined 
completely by developmental factors due to the young starting ages of 
future expert musicians, because a very similar gradual increase in practice 
has been seen for athletes who start practice in adolescence (Starkes et al., 
1996). When expert performers engage in deliberate practice, they report 
that full concentration is necessary for improving their performance and 
that when concentration waned they stopped their practice (Ericsson, 
2001, 2002b; Ericsson et al., 1993). To maximize the time of full 
concentration, they tend to limit the duration of a single practice 
session and take short breaks after around an hour. They also tend to 
start early in the morning and frequently take a nap before resuming 
their demanding activity in the afternoon. When expert performers en-
gage in deliberate practice on a daily basis, the available daily time with 
full concentration seems to limit the amount of deliberate practice for 
expert performers in all domains to around four to five hours. For example, 
world-class novelists work virtually exclusively in the morning and spend 
the rest of day recuperating, in order to prepare for the following day's 
writing session (Cowley, 1959; Plimpton, 1977). 

In sum, the study of expert performance has uncovered a large number 
of factors associated with the acquisition of expert performance, such 
as an early start of involvement in domain-related activity, early start of 
training, and amount of relevant experience. More important, there is 
also an emerging body of necessary constraints for attaining expert levels 
of performance even among individuals regularly engaged in the 
activity, such as guidance and instruction by teachers and the regular 
engagement in deliberate practice. Even the most "talented" individuals 
need to engage in extended deliberate practice for many years to acquire 
the prerequisite mechanisms. Hence, the old assumption that expert 
performance is acquired virtually automatically by "talented" individuals 
has been replaced by the recognition of the complex structure 
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of expert performance and the complexity of the necessary learning ac-
tivities that build the required mediating mechanisms to support expert 
performance. Whether any healthy individual with appropriate body 
size who engages in the appropriate prerequisite deliberate practice 
will necessarily attain expert levels of performance in the associated do-
main is not currently known. So far, I am not aware of any confirmed 
exceptions to this notion. Regardless, the overwhelming importance of 
factors other than innate talent to reach an expert level of performance is 
likely to remain uncontested. 

CONCLUDING REMARKS 

Contemporary theoretical frameworks of human ability focus primarily on 
the relatively narrow range of achievement of school children and 
college students, where large samples of participants and sophisticated 
statistical models are necessary to analyze the pattern of correlations, often 
with small to medium statistical strength. These methods of analysis and 
the associated theoretical interpretations are motivated by several 
fundamental assumptions. My introductory historical sketch attempted to 
identify some of these assumptions. When these theories were originally 
proposed in the eighteenth and nineteenth centuries, they were 
empirically evaluated with analyses of exceptional and expert performers. 
To continue this tradition, my chapter has attempted to assess the 
validity of these assumptions by reviewing recent relevant research on 
expert levels of performance as well as the effects of extended training on 
expert performance. 

Psychological scientists have always been inspired by the success of 
the natural sciences in uncovering general laws explaining the "be-
havior" of objects based on stable characteristics of uniform materials, 
such as hardness, volume, and weight, which can be quantified by 
objective measurement procedures. It is therefore reasonable for scientists 
working within the social sciences to attempt to explain the large 
individual differences in human performance in a similar fashion by 
attributing these performance differences to stable characteristics and 
mental capacities. As scientists should always look for the most general 
and parsimonious mechanism to explain observable patterns of results, it 
would seem reasonable to attempt to use individual differences in general 
basic capacities to explain consistent differences in ability and 
performance. However, the complex structure of human skills and 
performance raises questions about the stability and uniformity of any 
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inferred capacities and characteristics. Mature human adults are biological 
systems that have developed from a single fertilized cell during a time period 
of around two decades. These developing systems are capable of 
remarkable changes and adaptations from large organic changes (such as 
increased kidney function) down to the individual cell level. From the 
perspective of developmental biology, the theoretical notion of basic 
general capacities that rigidly constrain the performance of adults is not 
simple, but requires explication in terms of specific genes and their 
timely expression to invariably influence the targeted anatomical 
structures. Until scientists have found the anatomical and physiological 
systems that implement these invariant basic capacities, along with 
plausible models for the specific genetic control of their differential 
development, these hypothesized capacities should not have priority 
among competing explanations of differences in human ability. 

Because human characteristics are shown to be so modifiable after ap-
propriate extended practice (with the exception of body size), scientists 
interested in performance limits need to search for a stable reproducible 
performance attained only after many years of deliberate practice de-
signed to reach the highest levels. In the second section of this chapter, I 
outlined the compelling evidence that expert performance is mediated by 
complex mechanisms that anticipate, prepare, monitor, and evaluate its 
execution of actions. The highly reproducible performance of experts 
allows investigators to assess and validate the complex mechanisms at the 
level of each individual expert (Ericsson, in press). These complex 
mechanisms are not restricted to elite performers, and there is compelling 
evidence that the same types of mechanisms mediate skilled activities in all 
educated adults. [For example, there is a similar finding of advance 
anticipation of motor actions when adults read aloud: more skilled 
readers have a longer span between the words on which their eyes 
fixate and the words they concurrently vocalize (eye-voice span). 
Similarly, individuals who comprehend texts better also exhibit a larger 
functional working memory (LTWM) for the associated type of material 
(Ericsson and Kintsch, 1995; Kintsch, 1998).] 

The complexity of the mechanisms that mediate skilled and expert 
performance presents a challenge to traditional theories of learning and 
skill acquisition. Ever since the seventeenth and eighteenth centuries, 
when associative learning was developed as an alternative account to 
the complex innate structure of the soul, the complexity of learning 
processes has been minimized by scientists. Learning based on simple 
processes, such as strengthening of associations, was preferred to avoid 
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the introduction of the complexities associated with learning processes. In 
the third section of my chapter, I argue for the need for complex learning 
mechanisms and highly structured activities of practice (deliberate 
practice) to explain the extended acquisition of complex mechanisms that 
mediate expert levels of performance. Experts were shown to avoid the 
path taken by most novices where initial representations for performing 
the tasks were rapidly automated. Instead, experts were shown to keep 
building and refining their representations and the supporting working 
memory (LTWM) that supports  anticipation, planning, and decision-making. 
I have also demonstrated how deliberate practice can develop and refine 
the mediating mechanisms to allow aspiring experts to monitor and 
evaluate their performance to identify potential weaknesses that can be 
eliminated through problem solving and repetition (Ericsson, 2001b; in 
press). 

The gradual development of complex mechanisms on the path to-
ward high levels of performance has major implications for our current 
conceptions of ability. Although it is possible to assign quantitative metrics 
to a person's ability to play music, chess, or tennis, these numbers do not 
quantify any uniform capacity or ability to perform in the respective 
domains (see Mitchell, 1999, for a thorough critique of efforts to 
quantify individual differences in ability and capacity). For example, an 
international-level chess master does not simply have "two" times the 
units of chess ability of a strong club-level player, nor can we describe 
the difference as "one hundred" units of some uniform chess ability. 
The analyses of expert performers in domains such as chess, music, 
and tennis show a qualitative difference in the structure and complexity 
of the mediating mechanisms that such individuals use to progress to 
higher levels of performance. The steady development of the mediating 
mechanisms and the associated performance by aspiring expert 
performers makes it reasonable to describe successive levels of such 
performance by an ordinal, or rank-order, scale. More generally, similar 
rank-orders should be able to describe the stability of rank-orders across 
competitions for performers in a given domain. 

In this chapter I try to raise doubts about the validity of the long-
standing belief in stable innate capacities and any restraint such sup-
posed innate capacities have on an individual's ultimate performance 
potential. The reviewed empirical evidence from the acquisition of expert 
performance contradicts this theory, and demonstrates that individuals 
gradually acquire increasingly complex mechanisms roughly ordered 
along an ordinal path leading to elite levels of performance. 
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These ordinal paths of development are far more consistent with Binet 
and Simon's (1915) descriptions of normal cognitive development along a 
defined path of discrete milestones of mastery for each age. Only 
future research will speak to the matter of how research on human 
ability can best be reconciled with the rapidly developing body of 
evidence on the structure and acquisition of expert and exceptional 
performance. 
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