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1. rather breathless letter: The letter describing Mozart’s perfect pitch can be
found in Otto Erich Deutsch, Mozart: A Documentary Biography, srd ed.
(London: Simon and Schuster, 1990), 21. See also Diana Deutsch, “Absolute
pitch,” in The Psychology of Music, ed. Diana Deutsch, 3rd ed. (San Diego:
Elsevier, 1990), 141-182.

2. only about one in every ten thousand people: See, for example, William Lee
Adams, “The mysteries of perfect pitch,” Psychology Today, July 1, 2006, hteps:
/Iwww.psychologytoday.com/articles/200607/the-mysteries-perfect-pitch
(accessed February 25, 2015).
around three to five years old: Robert ]. Zatorre, “Absolute pitch: A model for
understanding the influence of genes and development on neural and cogni-
tive function,” Nature Neuroscience 6,n0. 7 (2003): 692—695. See also Siamak
Baharloo, Paul A. Johnston, Susan K. Service, Jane Girtschier, and Nelson
B. Freimer, “Absolute picch: An approach for identification of genetic and
nongenetic components,” American Journal of Human Genetics 62 (1998):
224-23L

3. other ethnicities to have perfect pitch: Diana Deutsch, Kevin Dooley, Trevor
Henthorn, and Brian Head, “Absolute pitch amongstudents in an American



music conservarory: Association wich tone language tluency,” Journal of the
Acoustical Society of America 125 (2009): 2398-2403.

pretty much what we knew: My own review of evidence for the acquired na-
ture of perfect pitch is summarized in K. Anders Ericsson and Irene Faivre,
“What's exceprional about exceptional abilities?” in The Exceptional Brain:
Neurapsychology of Talent and Special Abilities, ed. Loraine K. Obler and
Deborah Fein (New York: Guilford, 1988), 436—473.
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/boston/nba/columns/story?columnist=macmullan_jackie&id=6106450
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University Press, 1991); K. Anders Ericsson, ed., The Road to Excellence:
The Acquisition of Expert Pevformance in the Avts and Sciences, Sports,
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(1929): 91-94.

Just under nine digits: The average number of digits remembered, or “digic
span,” was calculated as follows: Each right answer followed by a wrong an-
swer was assumed to be evidence that Steve had reached the limit of his digit-
span memory. Thus, if he got six digits correct and followed that by getting
seven digits wrong, we assumed that his digit span was somewhere between
6 and 7, and we assigned a score that was midway between the two, i.e., 6.
At the end of the session we averaged all of the scores to get a score for the
entire session. Steve’s average score of 8.5 for the fourth session indicates that
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not be admitted to Juilliard now: Anthony Tommasini, “Virtuosos becoming
a dime a dozen,” New York Times, August 12, 2011, available ac heep://www
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burn.hem (accessed November 16, 2015).
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paced)-/ (accessed November 16, 2015).

calculate the voots of twelve large numbers: hup://www.guinnessworld
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(accessed November 16, 2015).
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June 18, 2012.

all the time: Steve Qare, “Decisions made in the practice room: A qualita-
tive study of middle school students’ thought processes while practicing,”
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applies to physicians: Niteesh K. Choudhry, Robert H. Fletcher, and Stephen
B. Soumerai, “Systematic review: The relationship between clinical expe-
rience and quality of health care,” Annals of Internal Medicine 142 (2005s):
260-273. See also Paul M. Spengler and Lois A. Pilipis, “A comprehensive
meta-analysis of the robustness of the experience-accuracy effect in clinical
judgment,” Journal of Counseling Psychology 62, no. 3 (2015): 360-378.



a consensus conference in zors: The report from the conference can be
downloaded at  hrep://macyfoundation.org/publications/publication/en
hancing-health-professions-education-technology.

FEranklins chess skills: The stories about Ben Franklin and chess are relatively
well known, at least in the chess world. See, for example, John McCrary,
“Chess and Benjamin Franklin—His pioneering contributions,” www
.benfranklinzoo.org/_etc_pdf/Chess_John_McCrary.pdf (accessed April
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.chess.com/blog/billwall/benjamin-franklin-and-chess-trivia (accessed April
13, 2015).
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(October 2, 2000), http://news.investors.com/management-leaders-in
-success/100200-350315-violin-teacher-dorothy-delay-step-by-step
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(accessed March 13, 2015).

9. timesofday: William G. Chase and K. Anders Ericsson, “Skilled memory,” in
Cognitive Skills and Their Acquisition, ed. John R. Anderson (Hillsdale, NJ:
Lawrence Erlbaum Associates, 1981), 141-189.

9. timesof day: William G. Chase and K. Anders Ericsson, “Skilled memory,” in
Cognitive Skills and Their Acquisition, ed. John R. Anderson (Hillsdale, NJ:
Lawrence Erlbaum Associates, 1981), 141-189.

10. short-term memory: William G. Chase and K. Anders Ericsson, “Skill
and working memory,” in The Psychology of Learning and Motivation, ed.
Gordon H. Bower, vol. 16 (New York: Academic Press, 1982), 1-58; K. Anders
Ericsson, “Memory skill,” Canadian Journal of Psychology 39, no. 2 (198s):
188—231; K. Anders Ericsson and Walter Kintsch, “Long-term working mem-
ory,” Psychological Review 102 (1995): 2112 45.
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L. diffienlr test in the world: Many of the details about the testing of the
London taxi-driver candidates have been taken from Jody Rosen, “The
knowledge, London’s legendary taxi-driver test, puts up a fight in the age of
GPS,” New York Times, December 7, 2014, htep://tmagazine.blogs.nytimes
.com/2014/11/10/london-taxi-test-knowledge/.

2. were not taxi drivers: Eleanor A. Maguire, David G. Gadian, Ingrid S.
Johnsrude, Catriona D. Good, John Ashburner, Richard S.J. Frackowiak,
and Christopher D. Frith, “Navigation-related structural change in the hip-
pocampi of taxi drivers,” Proceedings of the National Academy of Sciences USA
97 (2000): 4398—4 403.

3. food in different places: John R. Krebs, David F. Sherry, Susal D. Healy, V.
Hugh Perry, and Anthony L. Vaccarino, "Hippocampal specialization of
food-storing birds,” Proceedings of the National Academy of Sciences USA 86
(1989): 1388-1392.

Jood-storing experiences: Nicola S. Clayron, “Memory and the hippocam-
pus in tood-storing birds: A comparative approach,” Neuropharmacology 37
(1998): 4.41-452.

than in the other subjects: In particular, the raxi drivers had more gray mar-
ter in their posterior hippocampi than those who didn’t drive taxis. The gray
mactter is the brain rissue that contains most of the brain’s neurons.

posterior hippocampi were: Strictly speaking, it was only the right posterior
hippocampus that exhibited a significant increase in size with an increase in
time spent as a taxi driver. Although humans have two hippocampi, for the
sake of simplicity I have simply referred to the hippocampus in general. Both
hippocampi are larger in London taxi drivers than in others, but the original
study by Maguire eral. found a significant relationship berween size and time
spent driving only for the right posterior hippocampus. It is quite possible
that the relationship exists on both sides but that there were too few subjects
in the study for the relationship to become statistically significant.

London bus drivers: Eleanor A. Maguire, Katherine Woollett, and Hugo J.
Spiers, “London taxi drivers and bus drivers: A structural MRI and neuro-
psychological analysis,” Hippocampus 16 (2006): 1091~-1101.

Maguire addressed this issue: Katherine Woolletr and Eleanor A. Maguire,
“Acquiring ‘the knowledge’ of London’s layout drives structural brain
changes,” Current Biology 21 (2011): 2109211 4.



4. had not ever trained at all: Notall of the original subjects took partin the sec-
ond series of measurements. All thirty-one of the control subjects returned,
but only fifty-nine of the seventy-nine trainees did — chirty-nine of the
forty-one who passed the tests and became licensed drivers, but only twenty
of the thirry-eight who were not successtul in becoming licensed cabbies.

5. brains of blind or deaf people: For a review, see Lofti B. Merabet and Alvaro
Pascual-Leone, “Neural reorganization following sensory loss,” Nature
Reviews Neuroscience 11, no. 1 (2010): 44-52.
reroutes some of its nenrons: For a clear review of what is known about neu-
roplasticity and blindness, see Andreja Bubic, Ella Scriem-Amit, and Amir
Amedi, “Large-scale brain plasticity following blindness and the use of sen-
sory substitution devices,” in Multisensory Object Perception in the Primate
Brain, ed. Marcus Johannes Naumer and Jochen Kaiser (New York: Springer,
zmo), 351—380.

6. raised dots that make up the Braille letters: H. Burton, A. Z. Snyder, T. E.
Conduro, E. Akbudak, J.M. Ollinger, and M. E. Raichle, “Adaptive
changes in early and late blind: A fMRI study of Braille reading,” Journal of
Neurophysiology 87, no. 1 (2002): 589-607. Also see Norihiro Sadato, “How
the blind ‘see’ Braille: Lessons from functional magnertic resonance imaging,”
Newuroscientist 11, no. 6 (2005): 577-382.

fingers bad been touched: Annette Sterr, Matthias M. Miller, Thomas Elberr,
Brigitte Rockstroh, Christo Pantev, and Edward Taub, “Perceprual correlates



of changes in cortical representation of fingers in blind multifinger Braille
readers,” Journal of Neuroscience 18, no. 11 (1998): 4 417—4423.

reported in zorz2: Uri Polat, Clifton Schor, Jian-Liang Tong, Ativ Zomet,
Maria Lev, Oren Yehezkel, Anna Sterkin, and Dennis M. Levi, “Training the
brain to overcome the effect of aging on the human eye,” Scientific Reports 2
(2012): 278, doi:10.1038/srepo0278.

study on rats: James A. Carson, Dan Nettleton, and James M. Reecy,
“Differential gene expression in the rat soleus muscle during early work over-
load-induced hypertrophy,” FASEB Journal 16, no. 2 (2002): 207-209.
counted 112 different genes: 'To be completely accurate, the researchers de-
tected 11z mRNAs, or messenger RNAs, in the cells of the muscles chat had
been caused to work harder. Messenger RNAs are part of the process by
which the information in DNA is used to direct the creation of proteins, and
each mRINA will be associated with a particular gene, but it was the mRNAs,
not the genes, that the researchers actually detected.

handle the increased workload: Again, to be completely accurate, the rarts
were sacrificed and their muscle tissue analyzed before their muscles could
completely adjust to the new workload. This was necessary because once the
muscles had adjusted and homeostasis had been regained, the muscle tissue
would no longer be expressing all of these 112 genes. Bur if the rats had been
allowed o live long enough, their muscles would have adjusted, and homeo-

stasis would have been reg;lined.
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Q. form new brain cells: Fred H. Gage, “Neurogenesisin the adule brain,” Journal

of Neuroscience 22 (2002): 612-613.

10. getting rid of old ones: Samuel ]. Barnes and Gerald T. Finnerty, “Sensory ex-

11.

12,

perience and cortical rewiring,” Neuroscientist 16 (2010): 186-198.

one has alveady learned: Arne May, “Experience-dependent structural plas-
ticity in the adult human brain,” Trends in Cognitive Sciences 15, no. 10
(2011): 475—482. See also Joenna Driemeyer, Janina Boyke, Christian Gaser,
Christian Buchel, and Arne May, “Changes in gray matter induced by learn-
ing— Revisited,” PLoS ONE 3 (2008): e2669.

extraordinary musical performance: An excellent review of this research can
be found in Karen Chan Barrett, Richard Ashley, Dana L. Strait, and Nina
Kraus, “Art and science: How musical training shapes the brain,” Frontiers in
Psychology 4, article 713 (2013). A number of the derails from this section of
the book come from this article and the references thar it cites.

1995 in the journal Science: Thomas Elbert, Christo Pantev, Christian
Wienbruch, Brigitte Rockstroh, and Edward Taub, “Increased cortical repre-
sentation of the fingers of the left hand in string players,” Science 270 (1995):
305—307.

responded to each touch: Because of the difficulty involved in performing
magnetoencephalography, the researchers did not map out each finger on the

left hand but instead looked only at the thumb and litde finger. Since the
brain regions corresponding to the three middle fingers would lic between
the brain regions for the thumb and lictle finger, the researchers were able to
map out the size of the region controlling the thumb and four fingers by jusc
looking ac the two digits.

larger the cerebellum is: Siobhan Hutchinson, Leslie Hui-Lin Lee, Nadine
Gaab, and Gottfried Schlaug, “Cerebellar volume of musicians,” Cerebral
Cortex 13 (2003): 943-949.

guiding movements in space: Christian Gaser and Goutfried Schlaug,
“Brain structures differ between musicians and non-musicians,” Journal of
Neuroscience 23 (2003): 9240-92.45.

than in nonmathematicians: Kubilay Aydina, Adem Ucarb, Kader Karli
Oguzc, O. Ozmen Okurd, Ayaz Agayevb, Z. Unale, Sabri Yilmazband, and
Cengizhan Ozturkd, “Increased gray macter density in the parietal cortex
of macthematicians: A voxel-based morphomerry study,” dmerican Journal of
Neuroradiology 18 (2007): 1859 -186 4.

abstract mathematical thinking: Sandra F. Witelson, Debra L. Kigar, and
Thomas Harvey, “The exceptional brain of Albert Einstein,” The Lancet 353

(1999): 2149 -2153.
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person was born with: Interestingly, that correlation between length of time
as a mathematician and size of the region was not found for the left inferior
parietal lobule. However, that may simply have been a matrer of not having
enough subjects in the study to be able to ger a statistically valid result, and
with a larger study the correlation might appear.

supplementary eye field: Tosif Ahamed, Motoaki Kawanabe, Shin Ishii, and
Daniel E. Callan, “Structural differences in gray macter berween glider pilots
and non-pilots: A voxel-based morphometry study,” Frontiers in Neurology s
(2014): 248.

movements of the body: Gaoxia Wei, Yuanchao Zhang, Tianzi Jiang, and Jing
Luo, “Increased cortical chickness in sports experts: A comparison of diving
players with che controls,” PLoS One 6, no. 2 (2011): e17112.

practicing in childhood: Sara L. Bengtsson, Zoltan Nagy, Stefan Skare, Lea
Forsman, Hans Forssberg, and Fredrik Ullén, “Extensive piano practic-
ing has regionally specific effects on white matter development,” Nature
Neuroscience 8 (2.003): 1148-1150.

provides perbaps the best example: Katherine Woollett and Eleanor A.
Maguire, "Acquiring ‘the knowledge’ of London’s layour drives structural
brain changes,” Current Biology 11 (2011): 2109-2114..

find it difficult to walk: David Williams, Andre Kuipers, Chiaki Mukai, and
Robert Thirsk, “Acclimation during space flight: Effects on human physiol-
ogy,” Canadian Medical Association Journal 180 (2009): 1317-1323.

bed for a month or so: lnigo Mujika and Sabino Padilla, “Detraining: Loss of

training-induced physiological and performance adaptations. Parc IT: Long-
term insufficient training stimulus,” Spors Medicine 30 (2000): 145-154.
never been raxi drivers: Katherine Woollerr, Hugo J. Spiers, and Eleanor
A. Maguire, “Talent in the taxi: A model system for exploring expertise,”
Philosophical Transactions of the Royal Society B 364 (2009): 1407-1416.
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best chess players in the area: Many of the details about Alekhine and his dra-
matic simultaneous blindfold chess exhibition are drawn from Eliot Hearst
and John Knott, Blindfold Chess: History, Psychology, Techniques, Champions,
World Records, and Important Games (Jefferson, NC: McFarland, z009).

ne literal blindfold involved: Details on the history of blindfold chess can be
found in many places, but the most comprehensive is Hearst and Knorr, ibid.
two losses, and nineteen draws: Eliot Hearst, “After 64 years: New world
blindfold record ser by Marc Lang playing 46 games at once,” Blindfold
Chess, December 16, 2011, heep://www.blindfoldchess.net/blog/2011/12
/after_64_years_new_world_blindfold_record_set_by_marc_lang
_playing_46_games/ (accessed May 27, 2015).

when he was seven: Details on Alekhine’s life and chess-playing career are
from several sources: Alexander Kotov, Alexander Alekhine, trans. K. P.
Neat (Albertson, NY: R. H. M. Press, 1975); Hearst and Knote, Blindfold
Chess; “Alekhine’s biography” on Chess.com, www.chess.com/groups/forum
view/alekhines-biography2 (accessed May 127, 2015); and “Alexander
Alekhine” on Chessgames.com, www.chessgames.com/perl/chessplayerzpid
=10240 (accessed May 27, 2015).

“White wins!": Kovov, dlexander Alekhine.

correspondence tournaments: Hearst and Knote, Blindfold Chess, 74.

of course, to himself: Alexander Alekhine, On the Road to a World
Championship, 1923—1927, 1st English ed. (New York: Pergamon Press, 1984),
as quoted in Hearst and Knott, Blindfold Chess, 78.

board almost perfectly: Adrianus D. De Groot, Thought and Choice in Chess,
2nd ed. (The Hague: Mouton de Gruyter, 1978).

simple bur effective experiment: William G. Chase and Herbert A. Simon,
“Perception in chess,” Cognitive Psychology 4 (1973): 55—81. The experi-
ment comparing the memory of a master and a novice on normal chess posi-
tions and random collections of chess pieces was actually first carried out by
Adriaan de Groot. See, for example, Adrianus Dingeman De Groot, Thonght
and Choice in Chess (The Hague: Mouron, 1965) and Adrianus Dingeman
De Groot, “Perception and memory versus thought: Some old ideas and re-
cent findings,” in Problem Solving, ed. B. Kleimnuntz (New York: Wiley,
1966), 19-50.
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reiterated the original findings: Fernand Gobet and Neil Charness, “Expertis
in chess,” in The Cambridge Handbook of Expertise and Expert Performanc
ed. K. Anders Ericsson, Neil Charness, Paul J. Feltovich, and Robert F
Hoffman (New York: Cambridge Universicy Press, 2006), 523—538.

shown with verbal memory: William G. Chase and K. Anders Ericsson, “Ski
and working memory,” in The Psychology of Learning and Motivation, ec
G. H. Bower (New York: Academic Press, 1982), 1—38.

[fifty thousand of these chunks: Herbert A. Simon and Kevin Gilmartin,

simulation of memory for chess positions,” Cegnitive Psychology s, no.
(1973): 20—46.

higher-level patterns: Hartmut Freyhot, Hans Gruber, and Albert Ziegle
“Expertise and hierarchical knowledge representation in chess,” Psychologic.
Research s4 (1992): 32—37.

“lines of force” and “power”: See, for example, Hearst and Knotr, Blindfo!
Chess, 10.

visuospatial abilities: Andrew Waters, Fernand Gobet, and Gery Leyder
“Visuo-spatial abilities in chess players,” British Journal of Psychology o
(2002): 557-565.

reflexes are no faster: Sean Miiller and Bruce Abernethy, “Expert anticipator
skill in scriking sports: A review and a model,” Research szrter[y for Exercis
and Sport 83, no. 2 (2012): 175-187.

happened on the field: Paul Ward, K. Anders Ericsson, and A, Mark William:
“Complex perceprual-cognitive expertise in a simulared rask environment
Journal of Cognitive Engineering and Decision Making 7 (2013): 231-25 4.
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indoor rock climbing: Bertina E. Blising, Iris Giildenpenning, Dirk Koeste
and Thomas Schack, “Expertise affects representation structure and categor
ical activation of grasp posturesin climbing,” Frontiers in Psychology 5 (2014
1008.

understands about the sport: For a general review and list of references on th
subject of reading comprehension and mental representations, see K. Ander
Ericsson and Walter Kintsch, “Long-term working memory,” Psychologice
Review 102, no. 2 (1995): 211-2.45.

two hundred who sent in answers: Lisa Sanders, “Think like a docto
A knife in the ear,” New York Times, March 23, 2011, hrep://well.blog
.nytimes.com/2015/08/06/think-like-a-doctor-a-knife-in-the-ear/ (accesse
September 24, 2015); Lisa Sanders, “Think like a docror: A knife i
the ear solved,” New York Times, March 24, 2011, htep://well.blog
.nytimes.com/2015/08/07/think-like-a-doctor-a-knife-in-the-ear-solved
(accessed September 2.4, 2015).

the most likely one: Vimla L. Patel, Jose F. Arocha, and David R. Kaufmanr
“Diagnostic reasoning and medical expertise,” in The Psychology of Learnin
and Motivation, ed. Douglas Medin, vol. 30 (New York: Academic Pres:

1994), 187251



15.

l6.

17.

18.

19.

20.

21.

in 150 agents: Thomas W. Leigh, Thomas E. DeCarlo, David Allbright, and
James Lollar, “Salesperson knowledge distinctions and sales performance,”
Journal of Personal Selling ¢ Sales Management 34, no. 2 (2014): 123-140.

[from hold to hold: Xavier Sanchez, P. Lambert, G. Jones, and D. J. Llewellyn,

“Efficacy of pre-ascent climbing route visual inspection in indoor sport
climbing,” Scandinavian Journal of Medicine ¢ Science in Sports 12, no. 1
(2010): 67-72.

making the first incision: See, for example, Nathan R. Zilbert, Laurent St
Martin, Glenn Regehr, Steven Gallinger, and Carol-Anne Moulton, “Plan-
ning to avoid trouble in the operating room: Experts’ formulation of the pre-
operative plan,” Jowrnal of Surgical Education 72, no. 2 (2014): 271-277.
used in writing an essay: As wold in Marlene Scardamalia and Carl Bereirer,
“Knowledge relling and knowledge transforming in written composition,”
in Advances in Applied Psycholinguistics, ed. Sheldon Rosenberg (Cambrid ge,
UK: Cambridge University Press, 1987), 142-175. See page 149 in particular.
“knowledge telling”: The terms “knowledge telling” and “knowledge trans-
forming” come from Scardamalia and Bereiter, ibid.

representations the best ones create: For a good overview, see Paul L. Sikes,
“The effects of specific practice strategy use on university string players’ per-
formance,” Journal of Research in Music Education 61, no. 3 (2013): 318-333.
more or less effective: Gary E. McPherson and James M. Renwick, “A longitu-
dinal study of self-regulation in children’s music practice,” Music Education
Research 3, no. 2 (2001): 169-186.

three thousand music students: Susan Hallam, Tijja Rinta, Maria Varvarigou,
Andrea Creech, Ioulia Papageorgi, Teresa Gomes, and Jennifer Lanipekun,
“The development of practicing strategies in young people,” Psychology of
Music 40, no. 5 (1012): 652—680.

performs a piece of music: Roger Chaftin and Gabriela Imreh, “‘Pulling teeth
and torture’ Musical memory and problem solving,” Thinking and Reasoning
3, n0. 4 (1997): 315-336; Roger Chaffin and Gabriela Imreh, “A comparison
of practice and selfreport as sources of information about the goals of ex-
pert practice,” Psychology of Music 29 (2001): 39-69; Roger Chaffin, Gabriela
Imreh, Anthony F. Lemieux, and Colleen Chen, “Seeing the big picture’
Piano playing as expert problem solving,” Music Perception 20, no. 4 (2003):
465—490.

learning to play a piece: Roger Chatfin and Topher Logan, “Practicing perfec-
tion: How concert soloists prepare for performance,” Advances in Cognitive
Psychology 2, nos. 23 (2006): 113-130.
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World Memory Sports Conncil: The memory competition statistics as of July
2015 are from the website of the World Memory Sports Council, heep: //www
world-memory-statistics.com/discipline.phpzid=spokent (accessed July s,
2015).

without writing them down: K. Anders Ericsson and Perer G. Polson, “A cog-
nitive analysis of exceptional memory for restaurant orders,” in The Nature
of Expertise, ed. Michelene T. H. Chi, Robert Glaser, and Marshall J. Farr
(Hillsdale, NJ: Lawrence Erlbaum, 1988), 23-70.

they began a new play: William L. Oliver and K. Anders Ericsson, “Reperrtory
actors’ memory for their pares,” in Eighth dnnual Conference of the Cognitive
Sociery (Hillsdale, NT: Lawrence Erlbaum Associates, 1986), 3909—4.06.
musical accomplishment: Some details were provided in an carlier publication:
K. Anders Ericsson, Clemens Tesch-Romer, and Ralf Krampe, “The role of
practice and motivation in the acquisition of expert-level performance in real
life: An empirical evaluation of a theoretical frame-work,” in Encouraging
the Development of Exceptional Skills and Talents, ed. Michael J. A. Howe
(Leicester, UK: British Psychological Society, 1990), 109-130. However, the
complete account of the study was provided in K. Anders Ericsson, Clemens
Tesch-Romer, and Ralf Krampe, “The role of deliberate practice in the acqui-
sition of expert performance,” Psychological Review 100, no. 3 (1993): 363-4.06.



good, better, and best: We did not rely simply on the judgments of the faculry.
We veritied those judgments with other measures. In particular, we collecred
information on how well the students had done in open music competitions,
and we found that our “best” violinists had had greater success than the “ber
ter” violinists and that both of those groups had had more success than the
music-education students. We also found that the violinists in the best group
could play significantly more music from memory than the violinists in the
better group, and violinists in both groups knew more music by memory than
the future music teachers. So we were comfortable that we really had assem-
bled three groups of violinists with clearly distinct abilities.

their practice histories: Although we had to rely on years-old memories of how
much they had practiced earlier in their lives, we believed that their memo-
ries were likely to be reasonably accurate. From almost the very beginning,
these violinists were setting aside a certain amount of time each day or each
week to practice—an amount of time that steadily increased as they got
older —and so they were very aware of how much practice time they were
puttingin at each stage.

relatively accurate: One possible issue was that the different groups of stu-
dents might have had different biases in their estimates of how much they
practiced. However, if there had been such biases, one would expect that
the very best students— who had heard all their lives how talented they
were —would have bought into the idea that they did not need to practice
as much as other, less-talented students and had thus consistently underesti-
marted how much time they had spent practicing. Thus, any bias should have
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11.

12.

13.

14.

made it less likely thar we would see an effect with the better students hav-
ing practiced more.

played in their achievements: Carla U. Hurchinson, Naralie J. Sachs-Ericsson,
and K. Anders Ericsson, “Generalizable aspects of the development of exper-
tise in ballet across countries and cultures: A perspective from the expert per-
formance approach,” High Ability Studies 24 (2013): 21—47.

decade of intense study: Herbert A. Simon and William G. Chase, “Skill in
chess,” American Scientist 61(1973): 394—403.

to become a grandmaster: The trend to younger grandmasters: Robert W,
Howard, “Preliminary real-world evidence that average human inrelligence
really is rising,” Intelligence 27, no. 3 (1999): 235—250. Evidence for more effec-
tive training methods: Fernand Gober, Guillermo Campitelli, and Andrew
J. Waters, “Rise of human intelligence: Comments on Howard” (1999),
Intelligence 30, no. 4 (2002): 303311

“deliberate practice™ Ericsson, Tesch-Rémer, and Krampe, “The role of delib-
erare pracrice,” 367—-368.

vemember more than fifteen: David Wechsler, The Range of Human Capacities
(New York: Williams & Wilkins, 1933).

Feng Wang of China: K. Anders Ericsson, Xiaojun Cheng, Yafeng Pan,
Yixuan Ku, and Yi Hu. “Refined memory encodings mediate exceptional
memory span in a world-class memorist” (paper submitted for publication),

corresponding author Yi Hu, School of Psychology and Cognitive Science,
East China Normal University, Shanghai, China.

remember large amounts of information: Frances A. Yates, The Art of Memory
(Chicago: University of Chicago Press, 1966).

imposed by short-term memory: For a more detailed discussion of the use
of long-term memory in the way, see K. Anders Ericsson and W. Kintsch,
“Long-term working memory,” Psychological Review 102 (1995): 211~24s5.
physical attractiveness: Alf Gabrielsson, “The performance of music,” in The
Psychology of Music, ed. Diana Deursch, 2nd ed. (San Diego, CA: Academic
Press, 1999), so1—6oz.

suggested an experiment: Robert T. Hodgson, "An examination of judge reli-
abilicy ac a major U.S. wine competition,” Journal of Wine Economics 3, no. 2
(2008): 105-113.

received minimal training: Robyn M. Dawes, House of Cards: Psychology and
Psychotherapy Built on Myth (New York: Free Press, 1994).

novices or random chance: One of the earliest studies was Carl-Axel S. Staél
Von Holstein, “Probabilistic forecasting: An experiment related to the stock
market,” Organizational Bebavior and Human Performance 8, no. 1 (1972):
139-158. Staél Von Holstein studied the stock-price predictions of stock-mar-
ket experts, bankers, statisticians, university business professors, and uni-
versity business teachers over a twenty-week period and found thart, on av-
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erage, none of the groups performed significantly better than would be ex-
pected by random chance. For a more recent review, see K. Anders Ericsson,
Patric Andersson, and Edward T. Cokely, “The enigma of financial exper-
tise: Superior and reproducible investment performance in efficient markets,”
heep://citeseerx.ist. psu.edu/viewdoc/download?, doi:10.1.1.337.3918&rep=re
pr&cype=pdf (accessed August 16, 2015).

types of doctors and nurses: K. Anders Ericsson, “Acquisition and mainte-
nance of medical expertise: A perspective from the expert-performance ap-
proach with deliberate practice,” Aeademic Medicine 9o (2015): 1471-1486.
See also Niteesh K. Choudhry, Robert H. Fletcher, and Stephen B. Soumerai,
“Systematic review: The relationship between clinical experience and quality
of health care,” Annals of Internal Medicine 142 (2005): 260-273; K. Anders
Ericsson, James Whyte 4th, and Paul Ward, “Expert performance in nurs-
ing: Reviewing research on expertise in nursing wichin the framework of the
expert performance approach,” Advances in Nursing Science 30, no. 1 (2007):
Es8—E71; Paul M. Spengler, Michael . White, Stetania Agisddrtir, Alan S,
Maugherman, Linda A. Anderson, Robert S. Cook, Cassandra N. Nichols,
Georgios K. Lampropoulos, Blain S. Walker, Genna R. Cohen, and Jeffrey
D. Rush, “The meta-analysis of clinical judgment project: Effects of experi-
ence on judgment accuracy,” Counseling Psychology 10 (2000): 350-399.

able to use the same methods: Those methods are described in K. Anders
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Ericsson, “Protocol analysis and expert thought: Concurrent verbaliza-
tions of thinking during experts’ performance on representative task,” in
The Cambridge Handbook of Expertise and Expert Performance, ed. K.
Anders Ericsson, Neil Charness, Paul Felcovich, and Robert R. Hoffman
(Cambridge, UK: Cambridge University Press, 2006), 223-242.

Maleolm Gladwell’s Outliers: Malcolm Gladwell, Quliers: The Story of
Success (New York: Lictle, Brown), 2008.

biography of the Beatles by Mark Lewisobhn: Mark Lewisohn, Titne In (New
York: Crown Archetype, 2013).

students or the baller dancers: Even some researchers forger this from time to
time. As I wasworking on this book, a group of researchers published a mera-
analysis — that is, an analysis of a large number of previously published stud-
ies— thar concluded that scructured practice (alchough they called it “de-
liberate practice”) explained relatively little of the difference in performance
among individuals in various fields, including music, sports, education, and
other professions. See Brooke N. Macnamara, David Z. Hambrick, and
Frederick L. Oswald, “Deliberate practice and performance in music, games,
sports, education, and professions: A meta-analysis,” Psychological Science 25
(2014): 1608-1618. The major problem with this meta-analysis was that few
of the studies the researchers examined were actually looking at the effects
of the type of practice on performance that we had referred to as deliber-
ate practice; instead, the researchers used very loose criteria to decide which
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studies to include in their mera-analysis, so they ended up examininga collec-
tion of studies that dealt mainly with various types of practice and training
that did not meet the criteria of deliberate practice as we described it earlier
in this chapter. I offer a detailed critique of their work in K. Anders Ericsson,
“Challenges for the estimation of an upper-bound on relations between ac-
cumulated deliberate practice and the associated performance in domains of
expertise: Comments on Macnamara, Hambrick, and Oswald’s (2014) pub-
lished meta-analysis,” available on my website, hreps://psy.fsu.edu/faculey
Jericsson/ericsson.hp.heml. The bottom line is thar what their meta-analysis
really demonstrated is that if you wish to understand why some people per-
form betrer than others, it is nort sufficient to attempr to measure all hours
engaged in just any sort of practice; you need to focus on the activities based
on our criteria for deliberate practice. See, for instance, the discussion in K.
Anders Ericsson, “Why expert performance is special and cannot be extrapo-
lated from studies of performance in the general population: A response to
criticisms,” Inzelligence 45 (2014): 81-103.

improve particular aspects of performance: See, for example, the definition of
deliberate practice found in K. Anders Ericsson and Andreas C. Lehmann,
“Expert and exceptional performance: Evidence of maximal adaprtations to
task constraines,” Annual Review of Psychology 47 (1996): 273—305. Deliberate
practice consists of “individualized training activities specially designed by a
coach or teacher to improve specific aspects of an individual’s performance
through reperition and successive refinement” (278-279).

[first published research: Ericsson, Tesch-Romer, and Krampe, “The role of de-

liberate practice.”

never less than ten years: John R. Hayes, The Complete Problem Solver
(Philadelphia: Franklin Insticute Press, 1981).

“ten thousand bours is a mental disorder”: Scott Adams, Dilbert, February 7,
2013.
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1t was 1968: Details about the creation and early days of the Top Gun school
are taken from Ralph Earnest Chatham, “The 2oth-century revolution in
military training,” in Development of Professional Expertise, ed. K. Anders
Fricsson (New York: Cambridge University Press, 2009), 27-60. See also
Robert K. Wilcox, Scream of Eagles (New York: Pocket Star Books, 1990).
the real action occurred: Chatham, “The 20th-century revolution.”

The results of this training were dramatic: “You fight like you train,’ and Top
Gun crews train hard,” 4rmed Forces Journal International 111 (May 1974):
25-26, 34.

the most dominant performance: Wilcox, Seream of Eagles, vi.

navy did it mainly through trial and ervor: 1bid.

most vesemble delibevate practice: K. Anders Ericsson, “The influence of ex-
perience and deliberate practice on the development of superior expert per-
formance,” in Camébridge Handbook of Expertise and Expert Performance, ed.
K. Anders Ericsson, Neil Charness, Paul Feltovich, and Robert R. Hoffman
(Cambridge, UK: Cambridge University Press, 2006), 685-706.

an article in Fortune magazine: Geoft Colvin, “Whart it takes to be great:
Research now shows that the lack of natural talent is irrelevant to grear suc-
cess. The secret? Painful and demanding practice and hard work,” Fortune,
October 19, 2006, htep://archive.fortune.com/magazines/fortune/forrune
_archive/2006/10/30/839179 4/index.htm (accessed Seprember 27, 2015).
Art bas fully embraced the deliberate-practice mindset: Many of the derails 1
offer here can be found on Turock’s website, www.turock.com, and in a book
he wrote: Art Turock, Competent Is Not an Option: Build an Elite Leadership
Team Following the Talent Development Game Plan of Sports Champions
(Kirkland, WA: Pro Practice Publishing, 2015).

Blue Bunny ice cream company: Turock tells the Blue Bunny story in his book
Competent Is Not an Option, ibid.
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perform this job much better than others: Diana L. Miglioretti, Charlotte
C. Gard, Pacricia A. Carney, Tracy L. Onega, Diana S. M. Buist, Edward
A. Sickles, Karla Kerlikowske, Robert D. Rosenberg, Bonnie C. Yankaskas,
Berta M. Geller, and Joann G. Elmore, “When radiologists perform best:
The learning curve in screening mammogram interpretation,” Radiology
253 (2009): 632-640. See also Calvin F. Nodine, Harold L. Kundel, Claudia
Mello-Thoms, Susan P. Weinstein, Susan G. Orel, Daniel C. Sullivan, and
Emily F. Conanr, “How experience and training influence m-.nnmogmphy
expertise,” Academic Radiology 6 (1999): 575—58s.

A zo04 analysis: William E. Barlow, Chen Chi, Patricia A. Carney, Stephen
H. Taplin, Carl D’Orsi, Gary Cucter, R. Edward Hendrick, and Joann G.
Elmore, “Accuracy of screening mammography interpretation by charac-
teristics of radiologists,” Journal of the National Cancer Institute 96 (2004):
1840-1850.

regularly request unnecessary biopsies: 1bid.

meeting of the American Association of Medical Colleges: K. Anders Ericsson,
“Deliberate practice and the acquisition and maintenance of expert perfor-
mance in medicine and related domains.” Academic Medicine 79 (2004):
S70-581.

similar to what Iproposed: See huep://www.breastaustralia.com/public/index.
interpreted mammograms in their professional practice: BaoLin Pauline Soh,
Warwick Bruce Lee, Claudia Mello-Thoms, Kriscia Tapia, John Ryan, Wai
Tak Hung, Graham Thompson, Rob Heard, and Patrick Brennan, “Cerrain
performance values arising from mammeographic test set readings correlate
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well with clinical audit,” Jowrnal of Medical Imaging and Radiation Oncology
59 (2015): 403—410.

a set of 234 cases: M. Pusic, M. Pecaric, and K. Bouris, “How much pracrice is
enough? Using learning curves to assess the deliberate practice of radiograph
interpretation,” dcademic Medicine 86 (1011): 731-736.

the best radiologists have indeed developed: Alan Lesgold, Harrier Rubinson,
Paul Felrovich, Robert Glaser, Dale Klopfer, and Yen Wang, “Expertise
in a complex skill: Diagnosing X-ray pictures,” in The Nature of Expertise,
ed. Michelene T. H. Chi, Robert Glaser, and Marshall J. Farr (Hillsdale,
NJ: Lawrence Erlbaum Associates, 1988), 311-342; Roger Azevedo, Sonia
Faremo, and Susanne P. Lajoie, “Expert-novice differences in mammogram
interpretation,” in Proceedings of the 29th Annual Cognitive Science Society,
ed. D. S. McNamara and J. G. Trafron (Nashville, TN: Cognirive Science
Society, 2007), 65—70.

the types of cases and lesions: Claudia Mello-Thoms, Phuong Dung Trieu,
and Mohammed A. Rawashdeh, “Understanding the role of correct lesion
assessment in radiologists’ reporting of breast cancer,” in Breast Imaging:
Proceedings, 12th International Workshop, IWDM 2014, ed. Hiroshi Fujita,
Takeshi Hara, and Chisako Muramatsu (Cham, Switzerland: Springer
International, 2014), 341-347.
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In almost every case, these injuries were due to: Lawrence L. Way, L. Stewarr,
W. Ganrerrt, Kingsway Liu, Crystine M. Lee, Karen Whang, and John G.
Hunter, “Causes and prevention of laparoscopic bile duct injuries: Analysis
of 252 cases from a human factors and cognitive psychology perspective,”
Annals of Surgery 237, no. 4 (2003): 460-469.

expert surgeons develop ways: Helena M. Mentis, Amine Chellali, and Steven
Schwaitzberg, “Learning to see the body: Supporting instructional prac-
tices in laparoscopic surgical procedures,” in Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems (New York: Association
for Compuring Machinery, zo14), 2113-2122.

prior to a blood transfusion: The blood transfusion example comes from
David Liu, Tobias Grundgeiger, Penelope M. Sanderson, Simon A. Jenkins,
and Terrence A. Leane, “Interruptionsand blood transfusion checks: Lessons
from the simulated operating room,” Anesthesia ¢ Analgesia 108 (2009):
219-222.

an extensive review of research: Niteesh K. Choudhry, Robert H. Flercher,
and Stephen B. Soumerai, “Systematic review: The relationship between
clinical experience and quality of health care,” Annals of Internal Medicine
142 (2005): 260-273. See also Paul M. Spengler and Lois A. Pilipis, “A com-
prehensive meta-analysis of the robustness of the experience-accuracy ef
fect in clinical judgment,” Journal of Counseling Psycholagy 62, no. 3 (z015):
360-378.
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Another study of decision-making accuracy: Paul M. Spengler, Michael .
White, Stefanfa Agisdéreir, Alan S. Maugherman, Linda A. Anderson,
Robert S. Cook, Cassandra N. Nichols, Georgios K. Lampropoulos, Blain S.
Walker, Genna R. Cohen, and Jeffrey D. Rush, “The meta-analysis of clinical
judgment project: Effects of experience on judgment accuracy,” Counseling
Psychology 20 (2009): 350-399.

experienced nurses do not: K. Anders Ericsson, James Whyte 4th, and Paul
Ward, “Expert performance in nursing: Reviewing research on expertise
in nursing within the framework of the expert performance approach,”
Advances in Nursing Science 30, no. 1 (1007): Es8—E71.

Davis and a group of colleagues examined: Dave Davis, Mary Ann Thomson
O’Brien, Nick Freemantle, Fredric M. Wolf, Paul Mazmanian, and Anne
Taylor-Vaisey, “Impacr of formal continuing medical education: Do confer-
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Forsetlund updated Daviss work: Louise Forsetlund, Arild Bjerndal, Arash
Rashidian, Gro Jamevedr, Mary Ann O’Brien, Fredric M. Wolf, Dave Davis,
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“See one, do one, teach one”: J. M. Rodriguez-Paz, M. Kennedy, E. Salas,
A.W. Wu,]. B. Sexton, E. A. Hunt, and P. J. Pronovost, “Beyond ‘see one, do
one, teach one’: Toward a different training paradigm,” Quality and Safery
in Health Care 18 (2009): 63—68. See also William C. McGaghie, Jacob R.
Suker, S. Barry Issenberg, Elaine R. Cohen, Jeftrey H. Barsuk, and Diane B.
Wayne, “Does simulation-based medical education with deliberate practice
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they found no difference: Michael J. Moore and Charles L. Bennetr, and the
Southern Surgeons Club, “The learning curve for laparoscopic cholecystec-
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O'Reilly, Mary Oerline, Archur M. Carlin, Andre R. Nunn, Justin Dimick,
Mousumi Banerjee, and Nancy J. O. Birkmeyer, “Surgical skill and compli-
cation rates after bariatric surgery,” New England Journal of Medicine 369
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how we might identify expert doctors: K. Anders Ericsson, “Acquisition
and maintenance of medical expertise: A perspective from the expert per
formance approach and deliberate practice,” Academic Medicine 9o, no. 11
(2015): 1471-1486.

researchers led by Andrew Vickers: Andrew J. Vickers, Fernando J. Bianco,
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Angel M. Cronin, James A. Eastham, Deborah Schrag, Eric A. Klein, Alwyn
M. Reuther, Michael W. Kattan, J. Edson Pontes, and Peter T. Scardino,
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get better as they gain experience: K. Anders Ericsson, “Surgical expertise:
A perspective from the expert-performance approach,” in Surgical Education
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Research, ed. Heather Fry and Roger Knecbone (Berlin: Springer, 2011),
107-121.

a study of radiologists interpreting mammograms: Diana L. Miglioretti,
Charlotte C. Gard, Patricia A. Carney, Tracy L. Onega, Diana S. M. Buist,
Edward A. Sickles, Karla Kerlikowske, Robert D. Rosenberg, Bonnie C.
Yankaskas, Berta M. Geller, and Joann G. Elmore, “When radiologists per-
form best: The learning curve in screening mammogram interpretation,”
Radiology 153 (2000): 632-640.
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Krishnanath Gaironde, Thomas McGill, and Ari Halldorsson, “Using cog-
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“even expert surgeons”: 1bid.
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B. Shadrick, and Michael Prevou, Think Like a Commander Prototype:
Instructor’s Guide to Adaptive Thinking (Fort Knox, KY: Armored Forces
Research Unit, U.S. Army Research Institute, 2003).
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Tavis Apramian, Meredich Vanstone, Lorelei Lingard, Michael Ortr, and
Richard J. Novick, “Understanding clinical uncertaincy: What is going on
when experienced surgeons are not sure what to do?” Academic Medicine
88 (2013): 1516-1521; and Sayra M. Cristancho, Meredith Vanstone, Lorelei
Lingard, Marie-Eve LeBel, and Michael Ott, “When surgeons face intraoper-
ative challenges: A naturalistic model of surgical decision making,” American
Journal of Surgery 205 (2013): 156-162.

stop in the middle and quiz people: Mica R. Endsley, “Expertise and situa-
tion awareness,” in The Cambridge Handbook of Expertise and Expert
Performance, ed. K. Anders Ericsson, Neil Charness, Paul J. Feltovich, and
Robert R. Hoffman, eds. (Cambridge, UK: Cambridge University Press,

2006), 633-652. See also Paul M. Salmon, Neville A. Stanton, Guy H.
Walker, Daniel Jenkins, Darsha Ladva, Laura Rafferty, and Mark Young,
“Measuring situation awareness in complex systems: Comparison of meas-
ures study,” [lnternational Journal of Industrial Ergonomics 39 (2009):
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research in various places: Dan McLaughlin has mentioned specifically read-
ing about my research in Talent Is Overrated, but there were already at that
time several books that discussed the power of deliberate practice, so the idea
waswell known. The booksinclude Geoff Colvin, Tialent Is Overrated: What
Really Separates World-Class Performers from Everybody Else (New York:
Portfolio, 2008); Malcolm Gladwell, Outliers: The Story of Success (New
York: Lictle, Brown, 2008); and Daniel Coyle, The Talent Code: Greatness
Lin'’t Born. It’s Grown. Here’s How (New York: Bantam Dell, 2009).

his efforts to become a professional golfer: Dan McLaughlin has a website
at which he describes his plan and his progress, thedanplan.com. There is
also a good story abour Dan McLaughlin thar was published in Goff: Rick
Lipsey, “Dan McLaughlin thinks 10,000 hours of focused practice will
get him on Tour,” Golf, December 9, 2011, www.golf.com/tour-and-news
/dan-mclaughlin-thinks-10ooo-hours-focused-pracrice-will-ger-him-tour
(accessed August 26, 2015).

allow him to compete in PGA tournaments: Since Dan started his plan, the
rules for gerting a PGA Tour card have changed. Now doing well enough
at the PGA Tour Qualifying Tournament will only get you onto the PGA’s
Web.com tour, and you have to do well enough on thart tour to get onto the
PGA Tour.

he gave an interview: Lipsey, “Dan McLaughlin thinks 10,000 hours.”

veady to find a coach at the next level: Personal communication from Dan
MecLaughlin, June 4, 2014.

varying the point on the dartboards: Linda J. Dufty, Bachman Baluch, and
K. Anders Ericsson, “Dart performance as a funcrion of facets of pracrice
amongst professional and amateur men and women players,” International
Journal of Sports Psychology 35 (2004): 232-245.

Ifyouwant to get better at bowling: Kevin R. Harris, “Deliberate practice, men-
tal representations, and skilled performance in bowling” (Ph.D. diss., Florida
State University, 2008), Electronic Theses, Treatises and Dissertations,
DigiNole Commons, paper no. 42.4s.

a group of Swedish researchers: Christina Grape, Maria Sandgren, Lars-Olof
Hansson, Mats Ericson, and Tores Theorell, “Does singing promorte well-



being? An empirical study of professional and amareur singers during a
singing lesson,” Integrative Physiological and Behavioral Science 38 (2003):
65-74.

high school golfers developing this sort of focus: Cole G. Armstrong, “The in-
fluence of sport specific social organizations on the development of identity:
A case study of professional golf management” (Ph.D. diss., Florida State
University, 2015), Electronic Theses, Treatises and Dissertations, DigiNole
Commons, paper no. 954.0.

Cole quoted one high school golfer: 1bid., 179.

Nazalie Conghlin once described: The details about Natalic Coughlin’s train-
ing are taken from Gina Kolata, “Training insights from star achletes,” New
York Times, January 14, 2013.

an extended study of Olympic swimmers: Daniel F. Chambliss, Champions:
The Making of Olympic Swimmers (New York: Morrow, 1988); Daniel F.
Chambliss, “The mundanity of excellence: An ethnographic report on strac-
ification and Olympic swimmers,” Sociolagical Theory 7 (1989): 70-86.
“every detail becomes a fivmly ingrained habit”: Chambliss, “Mundanity of ex-
cellence,” 8s.

Researchers who have studied long-distance runners: The pioneering study
was W, P. Morgan and M. L. Pollock, “Psychological characterization of the
elite distance runner,” Annals of the New York Acadenry of Sciences 301 (1977):
382—403. A more recent review of the subsequent research and a descrip-
tion of more concurrent reports of thinking can be found in Ashley Samson,
Duncan Simpson, Cindra Kamphottf, and Adrienne Langlier, “Think aloud:
An examination of distance runners’ thought processes,” International
Journal of Sport and Exercise Psychology, online publication July 25, 2015, doi
:10.1080/1612197X.2015.106987 7.

Early in his awtobiography: Benjamin Franklin, The Aurobiography of
Benjamin Franklin (New York: Henry Holt, 1916), original publication in
French in 1791; first English printing, 1793, hteps://www.gutenbergorg
/files/20203/20203-h/20203-h.hem (accessed August 30, 2015). 1 first de-
scribed the method Franklin used to improve his writing in my introduc-
ory chapter in K. Anders Ericsson, ed., Roads to Excellence: The Acquisition
of Expert Performance in the Arts and Sciences, Sports, and Games (Mahwah,
NJ: Erlbaum, 1996), 1-s0. A nice recent description is given by Shane
Snow, “Ben Franklin taughc himself to write with a few clever tricks,” The
Freelancer, August 21, 2014, htep://contently.net/2014/08/21/stories/ben
-franklin-taughtwrite-clever-tricks/ (accessed August 30, 2015).

a way very similar to the technique Franklin used: Lecoq de Boisbaudran,
The Training of the Memory in Art and the Education of the Artist, trans.
L. D. Luard (London: MacMillan, 1911), hteps://books.google.com/books?
hl=en&lr=&id=SJufA AAAMA AJ&oi=fnd&pg=PRs&dq=the+training
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+of+the+memory+in+art+and+the+education+of+che+artist&ots=
CvAENj-mHI&sig=IugkuidsF-ulP_aacBLugvYAiT Usv=onepage&q=the
%2o0training%2oof%2othe%20memory%2oin%2oart%2oand%2othe%z20
education%z2o00f%20othe%2o0artist&f=false (accessed October 2, 2015).
well-established method to get past such a platean: K. Anders Ericsson, “The
acquisition of expert performance as problem solving,” in The Psychology of
Problem Solving, ed. Janer E. Davidson and Robert . Sternberg (New York:
Cambridge University Press, 2003), 31-83.

what set apart the very best spellers: Angela L. Duckworth, Teri A, Kirby, Eli
Tsukayama, Heather Berstein, and K. Anders Ericsson, “Deliberate practice
spells success: Why grittier competitors triumph at the National Spelling
Bee,” Social Psychology and Personality Science 2 (2011): 174181

The ones who are successfiel in losing weight: See, for example, Rena R. Wing
and Suzanne Phelan, “Longterm weightloss maintenance,” American
Journal of Clinical Nutrition 82 (supplement, 2005): 2225-225S; K. Ball and
D. Crawford, “An investigation of psychological, social, and environmental
correlates of obesity and weight gain in young women,” International Journal
of Obesity 30 (2006): 12.40-12.49.

One of Sweden'’s most famous athletes: This episode is described in Higg’s au-
tobiography written some forty years later: Gunder Higg, Mizz Livs Lopp
[The comperition of my life] (Stockholm: Norstedts, 1987).

vecruited eleven of the most intellectually intevesting people: Franklin,
Autobiography.
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a grand experiment: The details of the Polgar story come from a num-
ber of places: Linnet Myers, “Trained to be a genius, gitl, 16, wallops chess
champ Spassky for $110,000,” Chicage Tribune, February 18, 1993, huep:
//articles.chicagotribune.com/1993-02-18/news/9303181339_1_judit
-polgar-boris-spassky-world-chess-champion (accessed August 19, 2015);
Austin Allen, “Chess grandmastery: Nature, gender, and che genius of Judit
Polgar,” JSTOR Daily, October 22, 2014, hurp://daily.jstor.org/chess-grand-
mastery-nature-gender-genius-juditpolgar/ (accessed August 19, 2015); Judit
Polgar, “Biography,” Judit Polgir website, 2015, htep://www.juditpolgar.com
/en/biography (accessed August 19, 2015).

games of that tournament —of 2735: “Chessmertrics player profile: Sofia
Polgar,” at Chessmetrics, htrp://chessmetrics.com/cm/CMa/PlayerProfile
.asp?Params=1995105555515102714000000111102267600024 610100
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In the first stage: Benjamin S. Bloom, “Generalizations abour talent develop-
ment,” in ibid., s07-549.

the three of them wounld regularly go down: Matt Christopher and Glenn
Stout, On the Ice with . .. Mario Lemieux (New York: Lictle, Brown, 2002).
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the typical next step: Bloom, “Generalizations about talent development,”
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“self-fueling, self-motivating drive for tremendous work™ David Dariser,
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perspectives,” Journal of Aesthetic Education 31, no. 4 (1997): 35—47.

how much it cost a jamily: Kara Brandeisky, “What it costs to raise a Wimble-
don champion,” Money, July 4. 2014, htep://time.com/money/2951543/cost
-to-raise-tennis-champion-wimbledon/ (accessed August 23, 2015).

people can train effectively well into their eighties: K. Anders Ericsson, “How
experts atrain and maintain superior performance: Implications for the en-
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the performance of master athletes has improved: Amanda Akkari, Daniel
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Max Wunderlich, Alexander Sievert, Dieter Effeld, Alexander Witzki,
Oliver Erley, Gerd Kiichmeister, Claus Pickarski, and Herbert Léllgen,
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if'ballet dancers are to develop the dassic turnour: Edward H. Miller, John N.
Callander, S. Michael Lawhon, and G. James Sammarco, “Orthopedics and
the classical ballet dancer,” Contemporary Orthopedics 8 (1984): 72—97.

same sort of thing is true for the shoulders: John M. Tokish, “Acquired and
adaprive changes in the throwing athlete: Implications on the disabled
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Kontulainen, Hau Sievinen, Pekka Kannus, Markku Jirvinen, and Ilkka
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out a change in volumetric bone density: A peripheral quantitative compured
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a number of other regions of the brain: Dawn L. Merretr, Isabelle Peretz, and
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883-887.
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the absolute judgment of picch,” Jonrnal of the Acoustical Society of America
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Mark Alan Rush, set out to test empirically: Mark Alan Rush, “An experimen-
tal investigation of the effectiveness of training on absolute pitch in adulc
musicians” (Ph.D. diss., Ohio State University, 1989).

a New Zealander named Nigel Richards: The details on Nigel Richards come
fromseveral places. One good source is Stefan Fausis, Word Freak: Heartbreak,
Trivmph, Genius, on Obsession in the World of Competitive Scrabble (New
York: Houghron Mifflin Harcourt, 2001). See also Stefan Fatsis, “An out
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-champion-nigel-richards-doesnespealefrench (accessed August 21, 2015).
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creative genius here can be found in K. Anders Ericsson, “Creative genius:
A view from the expert performance approach,” in The Wiley Handbook of
Genius, ed. Dean Keith Simonton (New York: John Wiley, 2014), 321-349.
a study of Nobel Prize winners: Harriete Zuckerman, Scientific Elite: Nobel
Laureates in the United States (New York: Free Press, 1977).
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the story that got told: A quick Internet search will uncover a number of ver-
sions of the story. E.g., David Nelson, “Paganini: How the great violinist was
helped by a rare medical condition,” News and Record (Greensboro, NC),
January 9, 2011, htep://inmozartsfootsteps.com/1032/paganini-violinist
helped-by-marfan-syndrome/ (accessed August 21, 2015); “Nicolo Paganini,”
Paganini on the Web, herp://www.paganini.com/nicolo/nicindex.htm (ac-
cessed August 21, 2015); “One string . .. and Paganini,” Dr. S. Jayabarathi’s
Visvacomplex website, hrep://www.isvacomplex.com/One_String_and
_Paganini.huml (accessed August 21, 2015).

he was truly a groundbreaking violinist: See, for example, Maiko Kawabara,
“Virtuosity, the violin, and the devil ... What rea/ly made Paganini ‘de-
monic’?” Current Musicology 83 (2007): 7-30.

an old scientific veport: Edgar Istel and Theodore Baker, “The secret of
Paganini’s technique,” Musical Quarterly 16, no. 1 (1930): 101-116.

“Now the strings had to chide™ 1bid., 103.

his achievements seem much less wondrous: Andreas C. Lehmann and K.
Anders Ericsson, “The historical development of domains of expertise:



Performance standards and innovations in music,” in Genius and the Mind:
Studies of Creativity and Temperament in the Historical Record, ed. Andrew
Steproe (Oxford: Oxford University Press, 1998), 64-97.

According to many biographies: There are many Mozart biographies. One par-
ticularly useful one, because it consists of accounts written during his life-
time, is Otwo Erich Deutsch, Mozart: A Daocumentary Biography, 3rd ed.
(London: Simon & Schuster, 1990). See also Edward Holmes, The Life of
Mozart (New York: Cosimo Classics), 200s.

the piano concertos that Wolfoang “composed” ar eleven: Jin Young Park, “A
reinvestigation of early Mozart: The three keyboard concertos, K. 107"
(Ph.D. diss., University of Oklahoma, 2002). See also Arthur Hutchings,
A Companion to Mozart’s Piano Concertos (Oxford, UK: Clarendon
Press, 1999) and Wolfgang Plach, “Beitrige zur Mozarc-Autographie 1: Die
Handschrift Leopold Mozarts” [The handwriting of Leopold Mozart], in
Mozart-Jabrbuch 1960/1961 (Salzburg: Internationalen Stiftung Mozarteum,
1961), 82—-117.

with every child prodigy I have looked into: See more details on the Mario
Lemieuxstory in K. Anders Ericsson, “My exploration for Gagné’s ‘evidence’
for innate talent: It is Gagné who is omitting troublesome information so
as to present more convincing accusations,” in 77 he Complexity qf Greatness:
Beyond Talent or Practice, ed. Scorr Barry Kaufmann (New York: Oxford
University Press, 2012), 223-256.
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how the young Mario took to the ice: M. Brender, “The roots of Route 66,”
Hockey News (May 16 supplement: “Mario Lemieux’s journey to greatness”)
50, no. 35 (1997): 14.

some to claim that Lemieux is an example: Francois Gagné, “Yes, giftedness
(aka “innate’ talent) does exist!” in Kaufmann, Complexity of Greatness,
191-212.

a little digging into Lemienx’s childhood: Mact Christopher and Glenn Stout,
On the Ice with . .. Mario Lemienx (New York: Lictle, Brown, 2002).

the high jumper Donald Thomas: David Epstein, The Sports Gene: Inside the
Science of Extraordinary Athletic Performance (New York: Current, 2013).
One example, among many, of where Epstein’s story of Donald Thomas
was featured is Tony Manfred, “This anecdote abour high jumpers will de-
stroy your faith in Malcolm Gladwell’s 10,000-hours rule,” Business Insider,
August 15, 2013, heep://www.businessinsider.com/high-jumpers-anecdote
-questions-gladwells-10o000-hours-rule-2013-8 (accessed August 21, 2015).
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Coaches Association), “USTFCCCA profile of Donald Thomas: An im-
probable leap into the limelight,” Track and Field News, hrep://trackandfield
news.com/index.php/display-article?arIld=15342 (accessed August 21, 2015).
“something like 6-2, 6-4, nothing memorable”: 1bid.

the ability to jump off of one leg: Guillaume Laffaye, “Fosbury Flop:
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Predicting performance with a three-variable model,” Journal of Strength &
Conditioning Research 25, no. 8 (2011): 2143-2150.
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ing on the savant syndrome. See, in particular, the overview article, Darold
A, Treffert, “The savant syndrome: An extraordinary condition. A synopsis:
Past, present, and fucure,” Philosophical Transactions of the Royal Society B
364, 110. 1522 (2009): 1351-1357.
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of new thinking on the savant syndrome is Celeste Biever, “The makings ofa
savant,” New Scientist 202, no. 2711 (]une 6,2009): 30.

autistic savants arve much more likely than the nonsavants: Francesca Happé
and Pedro Vital, “What aspects of autism predispose o talent?” Philosophical
Transactions of the Royal Society B 364, no. 1522 (2009): 1369-1375.

Donny is addicted to dates: Jennifer Vegas, “Autistic savant ‘addicted’ to
dares,” ABC Science, January 31, 2007, http://Www.abc.net.au/science
farticles/2007/01/31/1837037.hem (accessed June 26, 2015).

He has memorized all fourieen possible yearly calendars: Marc 'Thioux, David
E. Stark, Cheryl Klaiman, and Robert T. Schultz, “The day of the week
when you were born in 700 ms: Calendar compuration in an auristic savant,”
Journal of Experimental Psychology: Human Perception and Performance 32,
no. s (1006): 1155—1168.
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a psychologist named Barnett Addis: Barnett Addis, “Resistance to parsimony:
The evolution of a system for explaining the calendar-calculating abilities
for idiot savant twins” (paper presented at the meering of the Southwestern
Psychological Association, New Orleans, April 1968). For more details on the
twins, see O. A. Parsons, “July 19, 132,470 is a Saturday: Idiot savant calen-
dar-calculating twins” (paper presented at the meeting of the Southwestern
Psychological Association, New Orleans, April 1968).

noted in a 1988 review: K. Anders Ericsson and Irene Faivre, “What's excep-
tional about exceptional abilities?” In The Exceptional Brain: Newropsychology
of Talent and Special Abilities, ed. Loraine K. Obler and Deborah Fein (New
York: Guilford, 1988), 436—473.

More recent case studies: See, for example, G. L. Wallace, E. Happé, and
J. N. Giedd, “A case study of a multiply talented savant with an autism spec-
trum disorder: Neuropsychological functioning and brain morphomertry,”
Philosophical Transactions of the Royal Society of London Series B, Biological
Sciences 364 (2009): 1425-1432; and Richard Cowan and Chris Frich, “Do
calendrical savants use calculation to answer date questions? A functional
magnetic resonance imaging scudy,” Philosophical Transactions of the Royal
Society of London Series B, Biological Sciences 364 (2009): 1417-1424.

adults believe they can'’t sing: Lola L. Cuddy, Laura-Lee Balkwill, Isabelle

Peretz, and Ronald R. Holden, “Musical difficulties are rare: A study of
‘tone deafness’ among university students,” Annals of the New York Academy
of Sciences 1060 (2005): 311-324.

these people aren’r very happy abour it: Susan Knight, “Exploring a cultural
myth: What adult non-singers may reveal about the nature of singing,”
Phenomenon of Singing 1. (2013): 144-154.

someone convinced them: 1bid.

a woman with this condition: Isabelle Peretz, Julie Ayotte, Robert J. Zatorre,
Jacques Mehler, Pierre Ahad, Virginia B. Penhune, and Benoit Jutras,
“Congenital amusia: A disorder of fine-grained pitch discriminartion,”
Neuron 33 (2002): 185-191.

no evidence that large numbers of people: Magdalena Berkowska and Simona
Dalla Bella, “Acquired and congenirtal disorders of sung performance: A re-
view,” Advances in Cognitive Psychology s (2009): 69—83; Karen J. Wise and
John A. Sloboda, “Establishing an empirical profile of self-defined ‘tone
deafness” Perceprion, singing performance and selfassessment,” Musicae
Scientiae 12, no. 1(2008): 3-26. See also Knight, “Exploringa culrural mych.”
there are some cultures: Knight, “Exploring a cultural mych.”

a curriculum called Jump Math: David Bornstein, “A better way to teach
math,” New York Times, April 11, 2011, htep://opinionator.blogs.nytimes
«com/2011/04/18/a-better-way-to-teach-math/?_r=o0 (accessed August 21,
2015).
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Some of the earliest work was done in the 189os: Altred Binet, Psychologie des
grands calculateurs et joueurs dechecs [The psychology of great calculators
and chess players] (Paris: Libraire Hachette, 1894).

One of the most enlightening of these studies: Merim Bilali¢, Perer McLeod,
and Fernand Gobet, “Does chess need intelligence? A study wich young chess
players,” Inzelligence 35 (x007): 457—470.

a relationship between 1Q and chess-playing ability: Dianne D. Horgan and
David Morgan, “Chess expertise in children,” dpplied Cognitive Psychology
4 (1990): 109—128; Marcel Frydman and Richard Lynn, “The general intel-
ligence and spatial abilities of gifted young Belgian chess players,” British
Journal of Psychology 83 (1992): 233—235.

no better visuospatial abilities: See, for instance, Andrew ]. Waters, Fernand
Gobert, and Gerv Leyden, “Visuo-spatial abilities in chess players,” Brizish
Journal of Psychology 93 (2002): 557—565; Joset M. Unterrainer, Christoph
P. Kaller, Ulrike Halsband, and B. Rahm, “Planning abilities and chess:
A comparison of chess and non-chess players on the Tower of London,”
British Journal of Psychology 97 (2006): 299—311; Roland H. Grabner,
Aljoscha C. Neubauer, and Elbeth Stern, “Superior performance and neu-
ral efficiency: The impact of intelligence and expertise,” Brain Research
Bulletin 69 (2006): 422—439; and Jorg Doll and Ulrich Mayr, “Intelligenz
und Schachleistung — eine Untersuchung an Schachexperten” [Intelligence

and chess performance — A study of chess experts], Psychologische Beitrige
29 (1987): 270—289. An early study of grandmasters can be found in I. N.
Djakow, N.W. Petrowski, and P. A. Rudik, Psychologie des Schachspiels
[Psychology of chess playing] (Betlin: de Gruyter, 1927).

do not have systematically higher 10s: Josef M. Unterrainer, Christoph P.
Kaller, Ulrike Halsband, and B. Rahm, “Planning abilities and chess: A
comparison of chess and non-chess players on the Tower of London,” British
Journal of Psychology 97 (2006): 299—311; Roland H. Grabner, Aljoscha C.
Neubauer, and Elbeth Stern, “Superior performance and neural efficiency:
The impact of intelligence and experrise,” Brain Research Bulletin 69 (2006):
422-439.

no corvelation between the 10s: |6rg Doll and Ulrich Mayr, “Intelligenz und
Schachleistung— eine Untersuchung an Schachexperten” [Intelligence and
chess performance— A study of chess experts], Psychologische Beitrige 19
(1987): 270—289.
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Recent studies of Go masters: Boreom Lee, Ji-Young Park, Wi Hoon Jung,
Hee Sun Kim, Jungsu S. Oh, Chi-Hoon Choi, Joon Hwan Jang, Do-Hyung
Kang, and Jun Soo Kwon, “White matter neuroplastic changes in long-term
trained players of the game of ‘Baduk’ (GO): A voxel-based diffusion-ten-
sor imaging study,” Nexrolmage 52 (2010): 9-19; Wi Hoon Jung, Sung Nyun
Kim, Tae Young Lee, Joon Hwan Jang, Chi-Hoon Choi, Do-Hyung Kang,
and Jun Soo Kwon, “Exploring the brains of Baduk (Go) experts: Gray mat-
ter morphometry, resting-state functional connectivity, and graph theoreti-
cal analysis,” Frontiers in Human Neuroscience 7, no. 633 (2013): 1-16.

score no higher on 1Q tests: Because people who score higher on 1QQ tests are
more likely to do well in school and also to stay in school—a phenomenon
that has been repeatedly observed — it is possible that some young Go players
with lower 1Qs quit school earlier than their peers in order to fully focus on
studying Go. This could explain why professional Go players have [Qs that
were lower than average.

evidence of this pattern in many different fields: For a review with a long list
of references to various studies, see K. Anders Ericsson, “Why expert per-
formance is special and cannot be extrapolated from studies of performance
in the general population: A response to criticisms,” Inrelligence 45 (2014):
81-103.

a study of ninety-one fifth-grade students: William T. Young, “The role of
musical aptitude, intelligence, and academic achievement in predicting the
musical attainment of elementary instrumental music students,” Jonrnal of
Research in Music Education 19 (1971): 385—398.

no relationship between 10 and music performance: Joanne Ruthsacz, Douglas
Detterman, William S. Griscom, and Britney A. Cirullo, “Becoming an ex-
pert in the musical domain: It takes more than just practice,” Intelligence 36
(2008): 330-338.
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24.

a study on expertise in oral surgery: Kyle R. Wanzel, Stanley J. Hamstra,
Marco F. Caminiti, Dimitri J. Anastakis, Ethan D. Grober, and Richard K.
Reznick, “Visual-spatial ability correlates with efficiency of hand motion and
successful surgical performance,” Surgery 134 (2003): 750-757.

people studying to be London taxi drivers: Katherine Woollett and Eleanor
A. Maguire, “Acquiring ‘the knowledge’ of London’s layour drives strucrural
brain changes,” Current Biology 21 (2011): 2109211 4.

nocorvelation between 1Q and scientific productivity: Robert S. Roor-Bernstein,
Maurine Bernstein, and Helen Garnier, “Identification of scientists mak-
ing long-term, high impact contributions, with notes on their methods of
working,” Creativity Research Journal 6 (1993): 329-343; Kenneth S. Law,
Chi-Sum Wong, Guo-Hua Huang, and Xiaoxuan Li, “The effects of emo-
tional intelligence on job performance and life sacisfaction for the research
and development scientists in China,” 4siz Pacific Journal of Management 25
(2008): s1-69.

had an IQ of 125: For information on Feynman, Wartson, and Shockley, see
Robert Root-Bernstein, Lindsay Allen, Leighanna Beach, Ragini Bhadula,
Justin Fast, Chelsea Hosey, Benjamin Kremkow, Jacqueline Lapp, Kaitlin
Lonc, Kendell Pawelec, Abigail Podufaly, Caitlin Russ, Laurie Tennant, Eric
Vrtis, and Stacey Weinlander, “Arts foster scientific success: Avocations of
Nobel, National Academy, Royal Society, and Sigma Ximembers,” Journal of
the Psychology of Science and Technology 1, no. 2 (2008): 51-63.

some fields need an 10 score of around 120: Donald W. MacKinnon, “The na-
ture and nurture of creative talent,” American Psychologist 17, no. 7 (1962):
484-49s.

A 2012 study of tennis players: Jessie Brouwers, Veerle de Bosscher, and Popi
Sotiriadou, “An examination of the importance of performances in youth
and junior competition as an indicator of later success in tennis,” Sport
Management Review 15 (2012): 461—475.

children with a temperament that encourages social interaction: Melanie Noel,
Carole Peterson, and Beulah Jesso, “The relationship of parenting stress and
child temperament to language development among economically disadvan-
tages preschoolers,” Journal of Child Language 35, no. 4 (2008): 823-843.
infants who paid more attention to a parent: Brad M. Farrant and Stephen
R. Zubrick, “Parent-child book reading across early childhood and child vo-
cabulary in the early school years: Findings from the Longitudinal Study of
Australian Children,” First Language 33 (2013): 280-293.

a story in his book Outliers: Malcolm Gladwell, Qutliers: The Story of Success
(New York: Lictle, Brown, 2008).

advantage among hockey players does seem to taper off: See, for example,
Benjamin G. Gibbs, Mikaela Dufur, Shawn Meiners, and David Jeter,
“Gladwell’s big kid bias?” Contexts 9, no. 4 (2010): 61-62.



25. experience playing linear board games: Robert S. Siegler and Geetha B.
Ramani, “Playing board games promotes low-income children’s numerical
development,” Developmental Science 11 (2008): 655—661.
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This glimpse came courtesy of three vesearchers: Louis Deslauriers, Ellen
Schelew, and Carl Wieman, “Improved learning in a large-enrollment phys-
ics class,” Science 332 (2011): 862-864.
get them to practice thinking like physicists: 1bid. Also see Jetfrey Mervis,
“Transtormation is possible if a university really cares,” Science 340, no. 6130
(2013): 202-296.

For the sake of comparison: Deslauriers, Schelew, and Wieman, “Improved
learning.”

I have also been working with Rod Havriluk: See the website of Havriluk’s
company, Swimming Technology Research: hreps://swimmingtechnology
.com/,

The first thing that Wieman and his colleagues did: Deslauriers, Schelew, and
Wieman, “Improved learning.”

the crucial ingredient: David Bornstein, “A better way to teach math,” New
York Times, April 11, 2o11, htep://opinionator.blogs.nytimes.com/2011/04/18
/a-better-way-to-teach-math/?_r=o (accessed August 21, 2015).

Research comparing physics experts with physies students: R.R. Hake,
“Interactive-engagement vs. traditional methods: A six-thousand student
survey of mechanics test data for introductory physics students,” American
Journal of Physics 66, no. 4 (1998): 64—74; David Hestenes, Malcolm Wells,
and Gregg Swackhamer, “Force concept inventory,” Physics Teacher 30 (1992):
141-158.

cannot correctly explain what causes the changing seasons: Eve Kikas, “Teachers’
conceptions and misconceptions concerning three natural phenomena,”
Journal of Research in Science Teaching 41 (2004): 432—448; Yaél Nazé and
Sebastien Fontaine, “An astronomical survey conducted in Belgium,” Physies
Education 49 (2014): 151-163.

An amusing video taken at a Harvard University commencement: “Harvard
graduates explain seasons,” YouTube, hrrps://www.youtube.com/watch?v=p
owk4qGamlg (accessed October 4, 2015).

Wieman and his colleagues pretested the clicker questions: Deslauriers, Schelew,
and Wieman, “Improved learning,”

deliberate-practice methods weve adopted: Jetfrey Mervis, “Transformation is
possible if a university really cares,” Science 340, no. 6130 (2013): 292-296.

the psychological state of *flow”: Mihaly Csikszenumihalyi, Flow: The
Psychology of Optimal Experience (New York: Harper & Row, 1990).
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