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

2. only abour 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 J. Zatorre, “Absolute pitch: A model for
understanding the influence of genes and development on neural and cogni-
tive function,” Nature Neuroscience 6, no. 7 (2003): 692—-69s. See also Siamak
Baharloo, Paul A. Johnston, Susan K. Service, Jane Gitschier, and Nelson
B. Freimer, “Absolute pitch: An approach for identification of genetic and
nongenetic components,” American Journal of Human Genetics 62 (1998):
224-231

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



music conservatory: Association with tone language fluency,” Journal of the
Acoustical Society of America 125 (2009): 2398-2.403.

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 abour exceprional abilities?” in The Exceptional Brain:
Neuropsychology of Talent and Special Abilities, ed. Loraine K. Obler and
Deborah Fein (New York: Guilford, 1988), 436—473.

scientific journal Psychology of Music: Ayako Sakakibara, “A longitudinal
study of the process of acquiring absolute pitch: A practical report of training
with the ‘chord identification method,” Psychology of Music 42, no. 1 (2014):
86—111.

notes played on the piano: Two of the twenty-four children dropped out over
the course of the training, burt their departures had nothing to do with how
well their training was going. All twenty-two children who finished the
training exhibited perfect pitch.

professional adult musicians: Deutsch, Mozart, 2.1.

violin, the keyboard, and more: Stanley Sadie, Mozart: The Early Years,
17561781 (New York: W. W. Norton, 2006), 18.

an artistic gymnast at the international level: The average adult height of in-
ternational-level gymnasts is tive feet two inches, with the upper bound being
five feer seven inches. Neoklis A. Georgopoulos, Anastasia Theodoropoulou,
Nikolaos D. Roupas, et al., “Growth velocity and final height in elite female
rhychmic and artistic gymnasts,” Hormones 11, no. 1 (2012): 61-69.



6. assumed he was born with it: Jackie MacMullan, “Preparation is key to Ray
Allen’s 3’s,” ESPN Magazine, February 11, 2011, htep://sports.espn.go.com
/boston/nba/columns/story?columnist=macmullan_jackie&id=6106450
(accessed March 30, 2015).

1. motivation, and effort: See, for example, Malcolm Gladwell, Outliers: The
Story of Success (New York: Little, Brown, 2008); David Shenk, The Genius
in All of Us: Why Everything Youve Been Told About Genetics, Talent, and
1Q Is Wrong (New York: Doubleday, 2010); Carol Dweck, Mindset: The
New Psychology of Success (New York: Random House, 2006). There are
many more: K. Anders Ericsson and Jacqui Smith, eds., Toward a General
Theory of Expertise: Prospects and Limits (Cambridge, UK: Cambridge
University Press, 1991); K. Anders Ericsson, ed., The Road to Excellence:
The Acquisition of Expert Performance in the Arts and Sciences, Sports,
and Games (Mahwah, NJ: Erlbaum, 1996); Janet Starkes and K. Anders
Ericsson, eds., Expert Performance in Sport: Recent Advances in Research
on Sport Expertise (Champaign, IL: Human Kinetics, 2003); K. Anders
Ericsson, Neil Charness, Paul Feltovich, and Robert R. Hoffman, eds., The
Cambridge Handbook of Expertise and Expert Performance (Cambridge, UK:
Cambridge University Press, 2006); K. Anders Ericsson, ed., Development
of Professional Expertise: Toward Measurement of Expert Performance and

Design of Optimal Learning Environments (Cambridge, UK: Cambridge

University Press, 2009).
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University of Pennsylvania: Pauline R. Martin and Samuel W. Fernberger,

“Improvement in memory span,” American Journal of Psychology 41, no. 1
(1929): 91-9 4.

2. just under nine digits: The average number of digits remembered, or “digit

span,” was calculared 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 berween
6 and 7, and we assigned a score that was midway between the two, i.e., 6.s.
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
he could usually remember an eight-digit number and usually missed a nine-
digit number, although there were plenty of exceptions because some strings
were naturally easier to remember than others.

not be admitted to Juilliard now: Anthony Tommasini, “Virtuosos becoming
a dime a dozen,” New York Times, August 12, 2011, available at htep://www
.nytimes.com/2011/08/14/arts/music/yuja-wang-and-kirill-gerstein-lead
-a-new-piano-generation.html?_r=2 (accessed November 12, 2015).



A. type up to 212 words per minute: hrep://reranger.mysite.syr.edu/dvorak/black

burn.htm (accessed November 16, 2015).

rode 562 miles on a bicyde in twenty-four hours: hurp://www.guinness
worldrecords.com/world-records/greatest-distance-cycled-in-2 4-hours-(un
paced)-/ (accessed November 16, 2015).

calculate the rvoots of twelve large numbers: hrtp://www.guinnessworld
records.com/world-records/most-mental-calculations-in-one-minute
(accessed November 16, 2015).

faster than anyone else: Personal communication (e-mail) from Bob J. Fisher,

June 18, 2012.

all the time: Steve Oare, “Decisions made in the practice room: A qualira-
tive study of middle school students’ thought processes while practicing,”
Update: Applications of Research in Music Education 30 (2012): 63~70, con-
versation at 63.

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 (2005):
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 2015: The report from the conference can be
downloaded at htep://macyfoundation.org/publications/publication/en
hancing-health-professions-education-technology.

Franklin’s 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
.benfranklinjoo.org/ etc_pdf/Chess_John_McCrary.pdf (accessed April
13, 2015). See also Bill Wall, “Ben Franklin and chess trivia” (2014), www
.chess.com/blog/billwall/benjamin-franklin-and-chess-trivia (accessed A pril
13, 2015).

8. faster than Perlman: Christopher L. Tyner, “Violin teacher Dorothy DeLay:
Step by step, she helps students reach beyond their limits,” Investors.com
(October 2, 2000), http://news.investors.com/management-leaders-in
-success/100200-350315-violin-teacher-dorothy-delay-step-by-step
-she-helps-students-reach-beyond-their-limits.htm#ixzz3 D8B3UieD
(accessed March 13, 2015).

0. 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.

Q. timesofday: William G. Chase and K. Anders Ericsson, “Skilled memory,” in
Cognitive Skills and Their Acquisition, ed. John R. Anderson (Hillsdale, NJ:
Lawrence Erlbaum Associaces, 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. difficult test in the world: Many of the details abour 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, htrp://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): 4398-4403.

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.
food-storing experiences: Nicola S. Clayton, “Memory and the hippocam-



pus in food-storing birds: A comparative approach,” Neuropharmacology 37
(1998): 4.41—452.

than in the other subjects: In particular, the taxi drivers had more gray mac
ter in their posterior hippocampi than those who didn’t drive taxis. The gray
macter is the brain tissue that contains most of the brain’s neurons.

posterior hippocampi were: Strictly speaking, it was only the right posterior
hippocampus thart exhibired 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, burt the original
study by Maguire et al. 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.

Maguirve addyessed this issue: Katherine Woollett and Eleanor A. Maguire,
“Acquiring ‘the knowledge’ of London’s layoutr drives strucrural brain
changes,” Current Biology 21 (2011): 2109211 4.



4. had not ever trained at all: Not all 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 — thirty-nine of the
forty-one who passed the tests and became licensed drivers, but only twenty
of the thirty-eight who were not successful 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,” Nazure
Reviews Neuroscience 11, no. 1 (2010): 4 4—52.
reroutes some of its neurons: For a clear review of what is known about neu-
roplasticity and blindness, see Andreja Bubic, Ella Striem-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,
2010), 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 funcrional magnertic resonance imaging,”
Neuroscientist 11, no. 6 (2005): §77—582.

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



of changes in cortical representation of fingers in blind mulrifinger Braille
readers,” Journal of Neuroscience 18, no. 11 (1998): 4417—4423.

reported in 2012: Uri Polat, Clifron Schor, Jian-Liang Tong, Ativ Zomert,
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/srepoo278.

study on rats: James A. Carson, Dan Nerttleton, and James M. Reecy,
“Differential gene expression in the rac 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 112 mRNAs, or messenger RNAs, in the cells of the muscles that 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 mRNA will be associated with a parricular gene, but it was the mRNAs,
not the genes, that the researchers acrually detected.

handle the increased workload: Again, to be completely accurate, the rats
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. But if the rats had been
allowed to live long enough, their muscles would have adjusted, and homeo-
stasis would have been regained.
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Sform new brain cells: Fred H. Gage, “Neurogenesis in the adult brain,” Journal

of Neuroscience 22 (2002): 612—613.

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

11.

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

one has already 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 Biichel, and Arne May, “Changes in gray marter induced by learn-
ing — Revisited,” PLoS ONE 3 (2008): €2669.

extraordinary musical performance: An excellent review of this research can
be found in Karen Chan Barrett, Richard Ashley, Dana L. Strait, and Nina
Kraus, “Artand science: How musical training shapes the brain,” Frontiersin
Psychology 4, article 713 (2013). A number of the details from this section of
the book come from this article and the references that 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 our each finger on the
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left hand burt instead looked only at the thumb and lictle finger. Since the
brain regions corresponding to the three middle fingers would lie between
the brain regions for the thumb and little finger, the researchers were able to
map out the size of the region controlling the thumb and four fingers by just
looking at the two digits.

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

guiding movements in space: Christian Gaser and Gorttfried Schlaug,
“Brain structures differ berween 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 marcer density in the parietal cortex
of mathemaricians: A voxel-based morphomerry study,” American 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): 21492153,
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16.

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 get a statistically valid result, and
with a larger study the correlation might appear.
supplementary eye field: Tosit Ahamed, Motoaki Kawanabe, Shin Ishii, and
Daniel E. Callan, “Structural differences in gray matcer between 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 thickness in sports experts: A comparison of diving
players with the controls,” PLoS One 6, no. 2 (2011): e17112.
practicing in childhood: Sara L. Bengtsson, Zoltin Nagy, Stefan Skare, Lea
Forsman, Hans Forssberg, and Fredrik Ullén, “Extensive piano practic-
ing has regionally specific effects on white matter development,” Nazure
Neuroscience 8 (zoc::ns): 1148—-1150.
provides perbaps the best example: Katherine Woollett and Eleanor A.
Maguire, “Acquiring ‘the knowledge’ of London’s layout drives structural
brain changes,” Current Biology 21 (2011): 2109-2114.

[find it difficult to walk: David Williams, Andre Kuipers, Chiaki Mukai, and
Robert Thirsk, “Acclimarion during space flight: Effects on human physiol-
ogy,” Canadian Medical Association Journal 180 (2009): 1317-1323.
bed for a month or so: Ifigo Mujika and Sabino Padilla, “Detraining: Loss of

training-induced physiological and performance adaprations. Part IT: Long-
term insufficient training stimulus,” Sporss Medicine 30 (2000): 145-154.
never been taxi drivers: Katherine Woolletr, 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,
Weorld Records, and Important Games (Jefferson, NC: McFarland, 2009).

no literal blindfold involved: Dertails on the history of blindfold chess can be
found in many places, but the most comprehensive is Hearst and Knore, ibid.
two losses, and nineteen draws: Eliot Hearst, “After 64 years: New world
blindfold record set by Marc Lang playing 46 games at once,” Blindfold
Chess, December 16, 2011, hrep://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: Dertails on Alekhine’s life and chess-playing career are
from several sources: Alexander Kortov, Alexander Alekhine, trans. K. P.
Neart (Albertson, NY: R. H. M. Press, 1975); Hearst and Knortt, Blindfold
Chess; “Alekhine’s biography” on Chess.com, www.chess.com/groups/forum
view/alekhines-biography2 (accessed May 27, 2015); and “Alexander
Alekhine” on Chessgames.com, www.chessgames.com/perl/chessplayer?pid
=102 40 (accessed May 27, 2015).

“White wins!”: Kotov, Alexander Alekhine.

corrvespondence 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 but 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, Thought
and Choice in Chess (The Hague: Mouton, 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.



6. reiterated the original findings: Fernand Gobetand 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 University 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, e
G. H. Bower (New York: Academic Press, 1982), 1—58.

7 fifty thousand of these chunks: Herbert A. Simon and Kevin Gilmartin,
simulation of memory for chess positions,” Cognitive Psychology s, no.
(1973): 29—46.
higher-level patterns: Hartmut Freyhof, 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 Knott, Blindfol
Chess, 10.

8. wvisuospatial abilities: Andrew Waters, Fernand Gobet, and Gery Leyder
“Visuo-spatial abilities in chess players,” British Journal of Psychology 9
(2002): 557—565.

Q. reflexes are no faster: Sean Miiller and Bruce Abernethy, “Expertanticiparor
skill in striking sports: A review and a model,” Research Quarterly for Exercis
and Sport 83, no. 2 (2012): 175-187.

10. happened on the field: Paul Ward, K. Anders Ericsson, and A. Mark William:
“Complex perceptual-cognitive expertise in a simulated task environment,
Journal of Cognitive Engineering and Decision Making 7 (2013): 231-25 4.
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13.

14.

indoor rock climbing: Bettina E. Blasing, Iris Giildenpenning, Dirk Koeste
and Thomas Schack, “Expertise affects representation structure and categor
ical activation of grasp posturesin climbing,” Frontiers in Psychology s (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. Andei
Ericsson and Walter Kintsch, “Long-term working memory,” Psychologic:
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, htep://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 doctor: 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 Seprember 24, 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 ), 187-251.



15.

16.

17.

18.

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 3 4, 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 22, 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,” Journal of Surgical Education 72, no. 2 (2014): 271-277.
used in writing an essay: As rold in Marlene Scardamalia and Carl Bereiter,
“Knowledge relling and knowledge transforming in written composition,”
in Advances in Applied Psycholinguistics, ed. Sheldon Rosenberg (Cambridge,
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.



19. three thousand music students: Susan Hallam, Tiija Rinta, Maria Varvarigou,

Andrea Creech, loulia Papageorgi, Teresa Gomes, and Jennifer Lanipekun,
“The development of practicing strategies in young people,” Psychology of
Music 40, no. 5 (2012): 652—680.

20. performs a piece of music: Roger Chatfin and Gabriela Imreh, “*Pulling teecth

21.

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 self-report as sources of informartion abour 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,” 4dvances in Cognitive
Psychology 2, nos. 23 (2006): 113—-130.



World Memory Sports Council: 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.php?id=spokenr (accessed July 1s,
2015).

without writing them down: K. Anders Ericsson and Peter 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, “Repertory
actors’ memory for their parts,” in Eighth Annual Conference of the Cognitive
Society (Hillsdale, NJ: Lawrence Erlbaum Associates, 1986), 399—406.
mausical accomplishment: Some derails were provided in an earlier publication:
K. Anders Ericsson, Clemens Tesch-Rémer, 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 verified those judgments with other measures. In particular, we collected
information on how well the students had done in open music comperitions,
and we found that our “best” violinists had had greater success than the “bet-
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 pracriced 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
putting in at each stage.

relatively accurate: One possible issue was that the different groups of stu-
dents might have had different biases in their estimartes 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-
mated how much time they had spent practicing. Thus, any bias should have
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11.

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

played in their achievements: Carla U, Hutchinson, Natalie 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 14 (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 intelligence
really is rising,” Intelligence 27, no. 3 (1999): 235—250. Evidence for more effec-
tive training methods: Fernand Gober, Guillermo Campirtelli, and Andrew
J. Waters, “Rise of human intelligence: Comments on Howard” (1999),
Intelligence 30, no. 4 (2002): 303—311L

“deliberate practice”: Ericsson, Tesch-Romer, and Krampe, “The role of delib-
erate practice,” 367-368.

remember more than fifteen: David Wechsler, The Range of Human Capacities
(New York: Williams & Wilkins, 1935).

Feng Wang of China: K. Anders Ericsson, Xiaojun Cheng, Yafeng Pan,
Yixuan Ku, and Yi Hu. “Refined memory encodings mediate exceptional
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among individuals in various fields, including music, sports, education, and
other professions. See Brooke N. Macnamara, David Z. Hambrick, and
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NJ: Lawrence Erlbaum Associates, 1988), 311-342; Roger Azevedo, Sonia
Faremo, and Susanne P. Lajoie, “Expertnovice differences in mammogram
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assessment in radiologists’ reporting of breast cancer,” in Breast Imaging:
Proceedings, 12th International Workshop, IWDM 2014, ed. Hiroshi Fujira,
Takeshi Hara, and Chisako Muramatsu (Cham, Switzerland: Springer
International, 2014), 341-347.
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“Measuring situation awareness in complex systems: Comparison of meas-
ures study,” International Journal of Industrial Ergonomics 39 (2009):

490—500.



6% (LTI A= 25> R

research in various places: Dan McLaughlin has mentioned specifically read-
ing about my research in Talent Is Overrated, but there were already at that
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Isn’t Born. Its 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
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amongst professional and amateur men and women players,” International
Journal of Sports Psychology 35 (2004): 232-245.
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