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his or her particular talent field, out of
more than a half million others who
also began to study in that field

No individual in this study reached
this high le of artainment in less
than a dozen vears, and it took the
average person about 16 vears. In
most fields, the typical individual be-
gan learning at a very early age. This
was especially true in music and
sports. In the cognitive fields and in |
sculpture the individuals began very
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early to learn skills and subject marter
that later on turned out to be relevant
to their chosen field

The talented individuals we inter
viewed talked about the great amount
of practice and training time they de-
voted to their work. By adolescence,




most were spending about 25 hours a
week on practice and learning in the
talent field. And there were many
years thereafter when they practiced
as much as 50 hours each week. They
also described how they ‘“over-
learned” particular aspects of their
repertoire of skills. In preparation for
a public event, for example, pianists
might practice a particular set of
pieces of music for six months or
more before they and their teachers
were satisfied. The tennis players prac-
ticed particular subskills and parts of
the game endlessly. Even when they
reached the peak of their game, they
still practiced those skills almost daily.

Why does talent development re-
quire so much learning time? And why
is an early start in particular fields so
necessary?

We believe much of this time and
overlearning is necessary to develop
automaticity in the many subskills re-
quired to reach top-level performance
in a talent field. Even when individuals
reach this high level, they frequently
must practice a great deal to maintain
a high level of automaticity. Our talent
development studies support the 1899
research of Bryan and Harter who
were concerned with the develop-
ment of automaticity in expert Morse
Code telegraphers. They most elo-
quently described the benefits of auto-
maticity as an outcome of the learning
process
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The learner must come to do with one
stroke of attention what now requires half
a dozen, and presently in one still more
inclusive stroke, what now requires thirty-
six. He must systematize the work o be
done and must acquire a system of auto-
matic habits corresponding to the system
of tasks. When he has done this he is
master of the situation in his [occupational
or professional] field. . . Finally, his whole
array of habits is swiftly obedient 1o serve
in the solution of new problems. Automa-
tism is not genius, but it is the hands and
feet of genius.*

Some Illustrations of
Automaticity

Perhaps the simplest illustration of
automaticity is the walking of an adult
Unless they are having some special
difficulty, most adults give almost no
conscious thought to the process of
walking other than some notion of a
destination and occasional monitor-
ing—to check the traffic before cross-
ing the street, to note some change in
the surface of the road or path, or to
realize they are becoming overly tired
While walking, adults may think of
many things, but only rarely will they
consciously think of the process of
walking. Walking has become an auto
matic process. We can more fully ap
preciate this process by contrasting
the automaticity of an adult’s walking
with the efforts of a voung child just
learning to walk, or by contrasting our
normal walking with that of someone
learning to walk again after recovering
from leg injuries

There are two points to this illustra
tion of automaticity. The frst is that
over time we have developed our
walking (or running, jumping, stair
climbing, etc.) to a point where it
works well withowt conscious atten
tion. The second point is that we can
walk while consciously thinking about
something else; that is, we are able to
do two very different processes at the
same time?* And, in fact, if we con-
sciously concentrate un the process of
walking, it will not be as regular and as
efficient as when it is automatic *

A second illustration of automaticity
is reading. Suppose, while reading
this article, you were to spend a few
minutes timing how long it akes 1o
read the first letter on each Im(-ll
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several pages. You would find that you
can read about 80 letters a minute
Similarly, if you were to read only the
last word of each line of several pages,

vou would find that vou also read
about 80 words a minute. But if vou
were to read two or three entire pages
of this article, vou would discover that
vou read about 300 words per minute

How does one go from reading 80
letters a minute to 80 words (400
letters) per minute 300 words
(1,500 lewers) per minute?

The great speed of word reading.
versus letter reading, is possible be-
cause most of the words read are now
sight words for the adult who can
process them without paying attention
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to the individual letters. The even
greater speed of reading connected
discourse is because the adult is now
reading phrases, sentences, and ideas
rather than letters or individual
words. While we are in the process of
reading connected discourse, we may
also be making judgments about the
ideas, enjoving the storv, getting new
ideas and insights. or being involved
in other conscious processes. The
point is that the reading process has
become automatic for capable adult
readers, and much of our conscious
attention is now on the ideas, insights,
plot, and characters rather than on the
mechanics of the reading process.®
Again, as adults we may contrast our
reading with that of a child in the 1st
or 2nd grade of school o see how
reading has changed from a slow and
difficult process to a rapid and highly
automatic one. Or. we may contrast
our reading in the mother tongue with
reading in a foreign language studied
for less than a vear

A third illustranon of automaticity is
fypeuriting. Suppose you are a capa-
ble touch-tvpist: vou probably tvpe
about 50 or 60 words per minute (that
is. about 250 to 300 individual letters
per minute). If you can onlv type with
one or two fingers by the hunt-and-
peck method, vou probably tvpe only
about 10 to 15 words (50 to 75 letters)
per minute. However, in this hunt-
and-peck method much of vour con-
scious attention 1s on the letters and
how to find them quickly. In contrast,
the capable touch-typist doing 50 0 60
words per minute hasn't the faintest
notion of what each finger is doing at
any time. When vou use the tvpewriter
10 compose a letter or manuscript, vou
are thinking about the ideas you want
to get on paper, and vour speed of
tvping is controlled more by the speed
of vour thoughts than by vour typing
skill. What is more, your fngers are
not only automatically hitting the right
kevs, they are also spelling the words
automatically. If vou were to try to
concentrate on what each finger is
doing, the entire rvping process would
collapse. Conscious attention to what
the fingers are doing impedes the
automatic tvping process
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The Functions of Automaticity
Once a skill has been developed to a
high level of automaticity, it requires
frequent use but very limle special
ice to maintain at that level. If it
has been developed to an automatic
level, the process can be used with
great economy of effort. That is, it is a
very efficient process that involves a
minimum of wasted motion or effort.
For example, my walking without con-
scious thought about the process in-
volves a minimum of effort and for my
body build is likely to be very efficient.
My touch-typewriting after reaching
the automaticity level involves a very
economical use of my fingers and
hands and requires a minimum of
effort. 1 can type for long periods of
time at a relatively high rate of speed
without tiring. Similarly, my automatic
reading is at a high speed with very
lirle effort and with a minimum of
errors. If the book or the article is
i interesting, [ can continue at
this high rate of reading (300 words
per minute) with good comprehen-
sion and enjoyment for several hours.
While individuals are likely to vary
in the efficiency of their automatic
processes, it is likely that each individ-
ual uses these processes with a mini-
mum of effort. If one compares the
efficiency of a process when it is done
with conscious attention versus when
it is done automatically, there is little
doubt that the economy of effort is far
greater when done automatically.
Some processes, especially in sports
and cognitive fields, are done so rap-
idly under automatic control that the
same individual could not even come
close to this rate under conscious con-
trol. The Olympic diver doing a series
of a dozen or more subtasks automati-
cally in three or four seconds could
not possibly do them at this speed
under conscious control. The inter-

play between the different strokes in
tennis, handball, and fencing; the
speed of different actions in basket-
ball, football, and baseball; the speed
of reading and typewriting; and the
speed of fingering musical instru-
ments is so great that few individuals
could attain such speed if they had to
consciously control each action. Espe-
cially in races, games, and contests,
individuals must develop automaticity
to a high level in order to accomplish
a particular series of actions rapidly
enough to match an opponent.

A third function of automaticity is to
increase accuracy in carrying out a
particular process. Again, automaticity
in reading, speech, driving, piano play-
ing, skating, or dancing is far more
precise and accurate than the same
processes would be if they were done
with full conscious control. Further-
more, once automaticity reaches a par-
ticular level of accuracy and precision,
it can be maintained at that level over
long periods of time with only a small
amount of practice from time to time.
In 1908 William Book demonstrated
that once the individual had reached a
particular level of speed and accuracy
in typewriting, he was able to maintain
it with only a slight loss over more
than a year in which he did no typing.”

Thus, we have noted the functions
and qualities inherent in the various
types of automaticity® But there is a
fourth characteristic of most types of
automaticity: other conscious brain
functions may occur simultaneously
with the automatic functions. This is
most clear in an activity like walking,
during which the individual may be
thinking great thoughts, listening at-
tentively to music, giving a lecture,
planning some new enterprise, solv-
ing a scientific or mathematical prob-
lem, observing nature, or countless
other things. The walking does not
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appear to interfere with various con-
scious thoughts. In some cases, indi-
viduals find they are most creative
while walking. For “walking” one
might substitute running, riding a bi-
cycle, driving a car, typewriting, skiing,
swimming, eating, dressing, washing,
or almost any other process that has
become highly automated. Some re-
searchers believe that the clearest in-
dex of automaticity is that other con-
scious cognitive processes may take
place simultaneously with the auto-
matic processes.”

While separate automatic processes
and conscious processes do occur
simultaneously, this in and of itself is
not of great interest. What is amazing
is the evidence that automatic func-
tions can simultaneously serve higher
functions. The automatic typing func-
tions may serve simultaneously to re-
cord the author's story, ideas, or
thoughts. For the concert pianist, the
automatic playing of the correct notes
may occur as the pianist is thinking
about the qualities, style, or effect she
is trying to create with the music dur-
ing a concert. The athlete may be
involved in various automatic process-
es in the interaction with an opponent
while thinking and executing various
strategies to counter the opponent's
plays. Similarly, the actress who has
already automated her lines until they
are leuer-perfect may simultaneously
assumne the role she is playing with a
high level of imtensity. So, too, the
reader of a new book may automatical-
ly read it as he critiques it, analyzes it,
applies the ideas, relates the parts to
each other, or relates the reading mat-
ter to another set of ideas or works in
his mind

The use of automatic processes to
serve individuals as they rise to the
highest functions in a talent field
seems to this writer to be one of the
miracles of our learning and brain
functions. These functions enable hu-
mans to transcend daily existence and
to rise to creative heights in one or
more of the talent and occupational
fields

Theories, Speculations, and
Evidence on How
Automaticity Is Developed

Basically, there does seem to be some
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consensus about how automaticity is
learned or developed.’® The first
learning in a field rypically empha-
sizes very basic isolated details that are
learned to a high level. The second
fype of learning (which may overlap
with the first learning) emphasizes
larger units composed of the isolated
details already learned. The third hpe
of learning emphasizes series of units
and processes built out of the previous
units in the second type of learning.
The movement from the first to the
second type of learning typically re-
quires the individual to have thor-
oughly mastered the first type of learn-
ing. The movement to the third type of
learning requires the individual to
have already reached a mastery or
threshold level on the second type of
learning."" (This threshold may vary
greatly from field to feld, but the
notion is that the individual is comfort-
able enough with the second level of
learning to use these processes volun-
tarily when the occasion arises.)

In the case of hpewriting by the
touch method, the first type of learning
is devoted to learning the fingering of
the keys until the individual can do
this with a minimum of time and
thought. The second type of learning
is devoted to typing words and
phrases separately as well as in con-
text. Here there is an emphasis on the
most frequently used words as well as
sets of words that require the use of all
the keys with some frequency. The
third type of learning emphasizes
speed and accuracy in copying consec-
utive verbal material or in some cases
typing one's own thoughts and ideas
as they come to mind. With further
experience, frequent use of the type-
writer, and need for accuracy and
speed, automaticity develops to a high
level 2 This is especially true for the
processes (copying vs. composing)
emphasized by the typist.

In the case of reading, the basic
processes may be very similar to those
in typewriting. The first type of learn-
ing emphasizes letters and phonemes.
The second type of learning empha-
sizes frequently used words and
phrases, while the third type of learn-
ing emphasizes greater speed and ac-
curacy in reading connected discourse

“Some esses,

in and
cognitive fields, are
done so under

automatic control that
the same individual
could not even come
close to this rate under
conscious control.”

at the child's appropriate level of diffi-
culty and interest.

Some methods of teaching reading
with automaticity emphasize sight
words and their use in connected dis-
course. Other methods emphasize the
experience approach in which chil-
dren dictate brief stories and incidents
based on their own experiences.
These are typed out by the teacher and
then "read” by the child. The children
become very skillful in “reading” their
own stories. It is clear that in the early
years, the children's use of oral lan-
guage is very much ahead of their
reading—so that any method that
makes good use of this disparity is
likely to be effective. However, a high
level of automaticity in reading re-
quires that children at some critical
early point in the process do a great
deal of reading on thesr oun ideally
for their own interest and enjoy-
ment.!3

The development of automaticity in
motor skills requires the isolation and
practice of particular skills and subs-
kills.’* In tennis, these would involve
serving, forehand, backhand, accurate
placement of the ball, and game strate-
gies. In diving, these would include
the separate parts of a complex dive
learned in the order in which they are
to be done. That is, each new part
would be added to the previous parts.
In juggling, the individual learns to
juggle two balls, then three balls, then
four balls and more, reaching a high
level of mastery on one phase before
moving to the next phase.

In addition to the learning of each
part of a subskill to a high level of
mastery before moving to the next
phase, the learner, especially in sports,
must also make use of these subskills
in competitive situations so that the
mastered subskills are used as they are
relevant in the complex sport situa-

tion. In a sport like tennis, it is impor-
tant that players make use of their
subskills in playing with competitors
who are at least their equal or some-
what better.

What Can Be Automated

Table 1 lists some of the skills that can
be leamed to an automatic level. The
particular bodily control processes we
have listed are done almost daily by
each individual. Most individuals have
reached some level of automaticity on
most of these processes by the time
they enter school. They frequently do
them while thinking about something
else or at least with a minimum of
thought about the process while they
are doing it.

Housebold skills are also done fre-
quently, and the family members who
accept responsibility for them learn to
do them with economy of effort. Fre-
quently, these skills and chores be-
come highly routinized, and they can
be done while the worker is con-
sciously thinking about other things.
are used frequently until they are
done with great automaticity. In con-
versations, we rarely think of each
word as we say it; we apparently have a
set of intentions or responses, and the
words “come to us’ as we say them.
This appears to be much the same
when we write a letter or the first draft
of a paper. When waiching people
who are skilled in sign language, we
are likely to be fascinated by the great
speed of the process and the anima-
tion of the individuals in the sign
language conversation.

Man-instruement skills also become
highly automated when used frequent-
ly. After they are overlearned, they are
used with a minimum of attention to
the process involved. (We have listed
singing and dancing under this catego-
ry even though the voice and body do
not quite fit the notion of physical
instruments).

Man-machine skills are much the
same as the man-instrument skills in
that humans adapt to the different
types of equipment, and when they
use them frequently enough they de-
velop a high level of automaticity. A
possible danger in automaticity with
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machines is the chance of serious acci-
dents unless the operator maintains
sufficient vigilence.

QOur list of sports includes those that
primarily involve the use of the body
with little or no equipment as well as
those that involve equipment. Virtually
all sports require a great deal of train-
ing and conditioning to reach high
levels of performance. Automaticity is
essential because of the great speed
and accuracy needed in virtually all
skills used in mathematics, science,
professional fields. Although many of
these skills are highly automated by
frequent users of them, these areas
have not been as well explored as the
more obvious ones listed in Table 1.
Most of the processes and skills listed
here can be observed readily; few of
the cognitive skills can be observed
while they take place.

Neurology

We can find no clear picture of what
takes place in the central nervous sys-
tem when a process changes from a
highly conscious process to an auto-
matic one. Some neurologists view
automaticity as being similar to condi-
tioned responses although somewhat
more complex and continuing for
greater time periods.'> Some writers
(especially sports coaches) sometimes
refer to automaticity as muscle memo-
ry, as though the memory traces had
moved from the central nervous sys-

tem to the particular muscles in-
volved.’¢ Still other researchers have
found evidence that the location of the
memory is still in the central nervous
17

We are inclined to agree with this last
view. It is hard to imagine all the
possible locations for the different
automated processes if they become
separated from the sites of the relevant
conscious processes that preceded
them during the learning. Perhaps as
more is learned about the develop-
ment and maintenance of automaticity,
we will also learn more about the
neurological processes involved. In
any case, it is likely that we will learn
much more about the development
and uses of automaticity long before
we understand the way in which the
brain operates with these processes.

The Role of the School in the

Development of Automaticity

The school, especially at the elemen-
tary level, has some responsibility for
developing automaticity in the basic
skills and processes that students need
for more complex learning at later
levels. It is clear that the home, espe-
cially from age two 1o about five, has
the major responsibility for teaching
the child to speak and understand the
mother tongue (typically, the child has
developed a vocabulary of about 5,000
words before entering 1st grade).
Where the home is woefully delin-
quent in this, the school or the school
and the bome have some responsibil-
ity to do something about this defi-

ciency in order to ensure that the rest
of the child's required schooling will
not be disastrous. Because oral lan-
guage is used so frequently, most chil-
dren develop some automaticity in
language use (correct or not) by the
age of school entrance. The develop-
ment of early childhood programs,
including Head Start, was primarily
intended to help children in special
need during the years of three to five.
Some of these programs have been
very effective in meeting these lan-
guage needs—especially when both
the child and the parents were in-
volved.'®

Given the schools as they are now
with group instruction, textbooks, and
most instructing through the use of
oral and written language, reading
must be the central responsibility of
schools during the elementary years.
However reading is taught in the
schools, there should be a great em-
phasis on "voluntary” reading for plea-
sure and for the students’ own pur-
poses. Reading to mastery and
automaticity cannot be developed if
children read only for classroom pur-
poses. The babit of reading for several
years is necessary for automaticity to
develop.

Writing for personal use is also one
of the skills children should develop
in the elementary school years. Chil-
dren should be able to communicate
with others through writing, and the
basic writing skills should become
highly automated during these years.
While handwriting may be improved,

-

' Table 1. Some Possible Automated Processes
! Bodilly control Household Communication Man-instrument Man- Sports
s skills skills machine _

) sewing speaking musical- drivi swimming
m ; knitting reading instruments - llymg“s dMl:g
running m writing singing (trained) motor- running

% = Braille dancing (trained) boating jumping

= sweeping deaf sign- drawing motor- gymnastics

- throwing use of language painting cycling

 stair w computer- sculpturing tennis

T, B e e
washing sawing 1;-.:

. Morse code- wind-surfing
telegraphy skiing
sailboating
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it is even more important for children
to learn how to put their thoughts and
ideas into written form. Ideally, the
initial writing should be little more
than the equivalent of a one-way oral
conversation with someone who lives
some distance away and doesn't have a
telephone.

The basic arithmetic processes
should also be developed to a high
level during the early years of school.
These processes and skills will only
become automated if they are fre-
quently used outside of the classroom.
It is the type of thinking emphasized in
arithmetic that needs to be stressed
rather than the so-called facts in this
subject.

Other skills such as safety rules and
skills; some of the basic motor skills of
movement, use of hand and eye cooi-
dination; and some game skills may
also be emphasized in these early
years. If these skills are used frequent-
ly outside of school they will become
highly automated.

Ideally, an introduction to poetry,
music, art, sports, science, and a sec-
ond languge should begin at the ele-
mentary school level. (Some of these
may begin in the schools while other
ones may be provided by other agen-
cies.) It is the basic idiom of these
fields and some of the basic skills that
should be emphasized, learned in an
enjoyable way, and at least partly au-
tomatized.

In the past, schools were delighted
when they could bring a third or more
of their students to the level of mas-
tery. In the future, it is likely that the
schools will give more attention to the
development of automaticity in partic-
ular processes and skills that are pre-
requisites for later learning. It is likely
that some of these processes and skills
are learned well in the school and that
the individual students use them fre-
quently enough thar the skills become
automatized. It is also likely that when
some of these processes and skills are
not learned well enough for the stu-
dent to use them voluntarily, they do
not become automatized. Schools
should make an inventory of the skills
and processes that do become autom-
atized for the majority of students. The
school personnel should also give
thought to other processes and skills

that need 10 become automatized—if
further learning is to be effective.(

1. Benjamin S. Bloom, ed Tal-
ent in Young People (New York: Ballan-
tine, 1985).

2. William L Bryan and Noble Harer,
“Studies on the Telegraphic Language. The
Acquisition of a Hierarchy of Habits,” Psy-
chological Review (July 1899): 375.

3. Richard M. Shiffrin and Susan T. Du-
mais, “The Development of Automatism,”
in Cognirive Skills and Their

ed. John R Anderson (Hillsdale, N J.: Law-
rence Erlbaum Associates, 1981), p. 124.
4. Clayne R Jensen and A Garth Fisher,
Scientific Basis of Atbletic Conditioning
(Philadelphia: Lea and Febiger, 1979), 214.
5. Edmund B Huey, The Psychology and
Pedagogy of Reading (New York: The Mac-
Millan Co., 1908), 72-73; and David La-
Berge, “Unitization and Automaticity in
Perception,” Nebraska Symposium on Mo-
rivation (1980): 62,

6. David LaBerge and S Jay Samuels, “To-
ward a Theory of Automatic Information
Processing in Reading,” Cognitive Psychol-
ogy (1974): 314.

7. William F. Book, "The Psychology of
Skill,” University of Montana Studies in
Psychology 1 (1908); and William L. Bryan
and Noble Harter, "Studies on the Tele-
graphic Language. The Acquisition of a
Hierarchy of Habits,” Psychological Review
6 (July 1899).

8. Clayne R Jensen and A Garlh F:sher
Scientific Basis of Athletic C
(Philadelphia: Lea and Febiger, 1979), 212-
215; Donald G. McKay, “The Problems of
Flexibility, Fluency, and Speed-Accuracy
Trade-Off in Skilled Behavior,” Psychologi-
cal Review 89 (1982): 483-506; and Rich-
ard M Shiffrin and Susan T. Dumais, “The
Development of Automatism,” in Cogritive
Skills and Their Acquisition, ed. John R
Anderson (Hillsdale, NJ.: Lawrence Erl-
baum Associates, 1981): 123, 124. 123.

9. Harry P. Bahrick and Carolyn Shelly,
“Time Sharing as an Index of Automatiza-
tion,” Journal of E Psychology
56 (1958): 288-293; and David LaBerge
and S. Jay Samuels, “Toward a Theory of
Aulornar.lc Information Processing in Read-
ing,” Cognitive Psychology 6 (1974): 295.
10. William F. Book, "The Psychology of
Skill,” University of Montana Studies in
Psychology 1 (1908); and William L Bryan

and Noble Harter, “Studies on the Tele-
graphic Language The Acquisition of a
Hierarchy of Habits," Psychological Review
6 (July 1899)

11. David LaBerge, “Unitization and Auto-
maticity in Perception,” Nebraska Symgpo-
siurm on Motivarion (1980), 92.

12. William F. Book, “The Psychology of
Skill,” Unmersity of Montanta Studies in
Psychology 1 (1908), 92.

13. S. Jay Samuels, "Some Essentials of
Decoding,” Exceptional Education Quar-
terly 2 (May 1981): 11-25.

14. Tbid, p. 14; and A T Welford, Funda-
mentals of Skill (London: Methuen and co,,
Lid., 1968), 192.

book, The &'am (‘ia.n Francisco: W. H.
Freeman and Co., 1979), 98-106; and Rag-
nar Granit, The Basis of Motor Control
(London: Academic Press, Inc. (London)
Lid., 1970), 216.

16. Nick Bollettieri and Barry McDermott,
Nick Bollettieri’s Junior Tennis (New York:
Simon and Shuster, 1984), 105.

17. J. C. Eccles, The Understanding of the
Brain (New York: McGraw-Hill Book Co.,
1973); and Clayne R Jensen and Gordon
W. Schultz, Applied Kinesiology (New York:
McGraw-Hill Book Co., 1970).

18. Urie Bronfenbrenner, “Is Early Inter-
vention Effective?” in The Family as Educa-
tor, ed. Hope Jensen Leichter (New York:
Teachers College Press, 1974), 105-129
Author's note: 1 am grateful to the Oppen-
heimer Family Foundation and the Spen-
cer Foundation for support of this re-
search.

Copyright © 1986 bv Benjamin S. Bloom

Benjamin S. Bloom is Charles H. Swift
Distinguished Service Professor Emeritus,
Depantment of Education, The University
of Chicago, 5835 Kimbark Avenue, Chica-
RO, IL 60637, and professor of education,
Northwestern University, Evanston, IL
60201.

FeBRUARY 1986




Copyright © 1986 by the Association for Supervision and Curriculum
Development. All rights reserved.





