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K. Anders Ericsson
William G. Chase

There are scientific records of mem-
ory feats that deviate so markedly
from the normal that they are called
exceptional and are assumed to re-
fiect a memory system structurally
different from that of most people
Some recent research invelving
memory training of normal people
has led us to question this distinction.
We will first describe the empirical
evidence reported in support of the
idea that exceptional memory is dif-
ferent from normal memory. Then
we will present our research in sup-
port of the assertion that normal
memaory structure is sufficient to ex-
plain exceptional memory feats, if we
take into account differences in
practice and prior experience.

Let us first describe some laws
and general characteristics of normal
human memory and then specify
how exceptional memory deviates
from and contradicts them. The
contemporary view of the memory
system in normal adults is that in-
formation can be held primarily in
two different storage systems:
short-term and long-term memory.
When new information is perceived
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Exceptional Memory

Extraordinary feats of memory can be matched or
surpassed by people with average memories that have

been improved by training

and attended to, it is kept available
for a short time but then is irrevoca-
bly lost unless it is attended to again,
or rehearsed. This temporary storage
system is called short-term memory
(sTM). The amount of information
that can be held at one time in sT™M is
severely limited for normal people.
To be stored permanently, informa-
tion has to be placed in long-term
memory {LTM), which consists of an
essentially unlimited and permanent
base for storing information. Infor-
mation in LTM can be retrieved only
by precise retrieval cues, and failure
in retrieval is the major cause of loss
of information in LTM. For normal
people it requires conscious effort
and considerable time to commit
unrelated information to LIM in a
form that makes it available for re-
trieval.

Fairly early in psychelogy, at-
tempts were made to measure the
capacity of sTM. The most common
procedure was the memory-span
task, in which an experimenter pre-
sents a number of items to be recalled
in order. The items are presented at
a fairly rapid rate (1 item per second)
to minimize the amount of informa-
ticn converted to LTM. The inter-
esting conclusion was that the
memory span is limited and is ap-
proximately the same for many types
of symbols: around 7 different digits
or consonants and slightly fewer (5
or 6) colors, visually presented geo-
metrical designs, and words. Miller
(1956) summarized this research by
saying that STM has the capacity to
retain'7 plus or minus 2 symbols or
chunks. A chunk is a collection of
symbols, such as a phone number,
that acts as a memory unit: all the
symbols of the churik are forgotten or
retrieved together, and there is a
single retrieval cue for the chunk.

There have been many reports
of individuals whose exceptional

feats of memory appear to violate the
limitation of STM and other charac-
teristics of normal memory . Most of
these memory feats have used num-
bers and other kinds of meaningless
material, similar to those used to test
5TM in normal people Around the
turn of the century Binet {1894)
published a study of the exceptional
memory of mental calculators and
chess masters. The calculators were
able to multiply two 5-digit numbers
mentally without external memory
aids, and were also able to commit
large matrices of digits to memory
after a brief presentation. According
to the verbal reports of these mental
calculators, they stored the presented
digits as either auditory or visual
images, thus suggesting some prim-
itive copying process and leading to
the term “photographic memory.”

In the most cited and extensive
study of exceptional memory, Luria
{1968) examined the memory of a
newspaper reporter named S. V.
Shereshevskii (S) for over 20 years. S
showed an exceptional ability to
memorize meaningless information
such as nonsense syllables, mathe-
matical formulas, and poems in for-
eign languages. Although Luria un-
fortunately provided little actual
documentation of 5's memory feats,
he did publish a detailed description
of 5's memorization of a matrix con-
taining 50 digits 5 looked at the ma-
trix for 3 minutes and then, after the
matrix was taken away, was able to
describe all the information on the
matrix as if it were available to him in
a mental picture. Luria argued that
5's exceptional memory was struc-
turally different from normal and
was based on noncognitive, sensory
processes.

A few recent studies have used
modern experimental methods to
analyze and document the perfor-
mance of people with exceptional
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memory The most notable of these
studies is Hunt and Love's (1972)
analysis of VP, an excellent chess
player who displayed the best mem-
ory of recent subjects although he is
not up to the same level as Luria’s
S.

Several types of evidence have
been cited in support of the idea that
exceptional memory is qualitatively
different from normal memory First,
there is a marked difference in per-
formance, a difference so large that
the exceptional feat is judged to be’
outside the range of normal subjects.
For example, after having had their
memory span for digits measured,
most people find it inconceivable
that they could ever double or triple
their performance, regardless of the
amount of practice. A second differ-
ence concerns the processes and
structures involved in the transfer of
information to LTM. Subject 5 re-
ported forming a visual image by
simply looking at the digit matrix.
Most people form a verbal string by
using rote rehearsal, as they do for
other types of memorized informa-
tion such as the names of the months
and the national anthem. Further-
more, most people require extensive
effort and conceniration over pro-
longed periods of time to memorize
meaningless information. If the in-
formation is almost photographically
copied, it appears unlikely that skill
or other cognitive processes are in-
volved. The implicit assumption is
that, even with practice, normal
people’s memory processes are sim-
ply not powerful enough to generate
the performance exhibited by people
with exceptional memories. How-
ever, most normal people are simply
unaware of the existence of tech-
niques that can be used to improve
the memory

A type of superior memory 1e-
jated to exceptional memory has
been observed in experts for their
domain of expertise. If a chessboard
is shown for 5 seconds, a beginner at
chess can reproduce the location of
only 4 or 5 pieces. This is exactly
what the limits for normal STM
would predict However, a chess
master can, after the same short ex-
posure, recall all the pieces on the
chessboard virtually perfectly. Ex-
perienced chess players at interme-
diate levels of skill show better
memory than the beginner, but
worse than the expert. There is thus
a clear relation between level of skill

608 American Scientist, Volume 70
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Figure 1. Most normal people can
remember a sequence of randem numbers
only as long as 7 digits, and even people
with exceptional memories cannot
remember as many as 20 digits. Yet 5F, a
college student who ran long-distance
races, developed a set of mnemonic
associations based on running times that
enabled him to remember sequences of
about 80 digits. His memory span aver 20
months of practice is shown in black. DD,
another subject wha was a long-distance
runner, was trained to use SF's system, and
his memory span is shown in color.

and ability to recall. Investigators
have demonstrated this relation for
a large number of skills, using bridge
hands (Charness 1979}, circuit di-
agrams (Egan and Schwartz 1979),
and architectural drawings {(Akin, in
press).

In his original studies Binet
{1894) sent out questionnaires to
chess masters, inquiring about their
'mental representation of chess
games. The chess masters almost in-
variably reported having the chess-
board stored as a visual image, likea
mental photograph. However, Binet
found some differences between
regular photographs and these
mental visual images: the images did
not include the exact color and de-
tailed features of chess pieces or the
shadows cast by the pieces, and, in
general, the images seemed to take
on an abstract or schematic char-
acter.

Some more recent research has
definitely refuted the notion that
chess masters are able to make a vi-
sual mental copy of chessboards
{Chase and Simon 1973a, b; de Groot
1966). When investigators briefly
showed the chess masters completely
random arrangements of chess pieces
on a chessboard, the masters could
recall the locations of only 4 or 5
pieces, which was no better than the
novice chess players did with such
random boards. Thus, the superior

performance of chess masters Was:

closely linked to the presence of
meaningful chess patterns, patterng
that have become familiar with years
of practice.

In the rest of this article, wewi]]
argue that both exceptional and ex-
pert memory aré consistent with the
laws and limitations of normal
memory, and that all adults can de-
velop these forms of memory
through extensive practice. In theory,
extensive practice creates a large
knowledge base in LTM and new in-
formation can be stored efficiently in
a retrievable form by associating it
with familiar material in the knowl-
edpge base

Qur argument is based on three
sourees of data. First, we will dem-
onstrate that normal adults with
modest amounts of practice can
achieve memory performance that
equals the recorded performance of
people with exceptional memories.
By closely examining the develop-
meni of such a memory skill we will
show its relation to the limits of
normal memory. Second, we will
show that the cognitive structures
and processes acquired through
practice can account for exceptional
and expert memory. In particular, we
will compare in some detail the per-
formance of our trained subjects with
that of people with allegedly excep-
tional memory. Finally, we will
demonstrate that all normal adults
exhibit skilled and exceptional
memory in a domain where they are
experts.

Acquisition of exceptional
memory

We decided that it would be partic-
ularly interesting to study the effects
of practice on the digit-span task,
which is generally used to assess the
capacity of a person’s STM In this
task, a subject is read a sequence of
random digits at a rate of about 1
digit per second. If the subject repeats
the sequence correctly, then the next
sequence is increased by 1 digit;
otherwise, the next sequence is de&
creased by 1 digit. The estimated
span of a subject equals the length of
a digit sequence that the subject cant
repeat correctly half the time

We administered the digit-spat

task to an undergraduate, SF, for -

about 1 houraday, 3 to5daysa weeks
for 20 months, or for more than 2
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SF had only average memory abilities
and average intelligence for a college
student, his digit span steadily im-
proved from 7 to around 80 digits, a
truly exceptional memory perfor-
mance (Fig. 1}). Normal subjects have
spans of around 7 digits and only
rarely are spans of over 10 digits ob-
served, Even individuals with alieg-
edly exceptional memory do not
come close to this level of perfor-
mance (Table 1) The highest digit
span ever recorded previously is 18
digits, the span of the German
mathematics professor Rickle
(Mtller 1911).

It is important to note that dur-
ing this entire study SF was in no
way coached or instructed in how to
improve. However, he was highly
motivated and constantly tried dif-
ferent methods to improve his span.
His skill was thus self-taught.

In the first 4 sessions of the ex-
periment, S5F either rehearsed the
entire digit sequence or broke the
sequence into two groups and re-
hearsed the second group. He also
occasionally reported noticing nu-
merical patterns, such as 654 and 424,
This is exactly what we observe with
other normal subjects. During this
initial period, SF's memory span
stayed within a normal range of 7 to
9 digits.

In the fifth session, SF noticed
that some digit groups reminded him
of running times for different races,
(SF was a good long-distance runner
who competed in races throughout
the eastern United States.) As soon as
he started thinking of some digit
groups as running times, his digit
span increased markedly. What SF
did was begin mentally to encode 3-
and 4-digit groups as running times
for various races. For example, he
remembered 3492 as “3 minutes and
49.2 seconds, near world-record time
for running a mile.” In the early
phases of SF's practice, he discovered
only a small number of running-time
categories, which meant that he had
to remember many digit sequences
without mnemonic associations. But
during the first 4 months he gradu-
ally constructed an elaborate set of
mnpemonic associations based ini-
tially on running times and then
supplemented with ages (893 was
“89.3 years old, a very old person”)
and dates (1944 was “near the end of
World War I1”) for those sequences
not categorized as running times.
Running times account for 62%, and

Table 1. Digit spans of mamory experts

Memory Digit

investigator expert span
Binet {1894) Inaudi < 12
Plamondi < 12

Arnould < 12

Muller {191 1) Riickle 18
Luria {1968) 5 < 20
Hunt and Love (1972) VP 17
Hunter (1977) Altken 15

ages 25%, of 5F’s mnemonic associa-
tions.

As soon as we discovered SF's
successful technique of associating
digit sequences with running times,
we attempted to construct a model of
his cognitive processes. We simulat-
ed the processes involved in receiv-
ing and encoding a digit sequence by
constructing a computer program
that would transform digit sequences
into running times. We used our
computer model to generate digit
sequences that SF would not asso-
ciate with running times. When he
was faced with these uncodable se-
quences, SF's performance dropped
almost to his beginning level Inan-
other experimental session, we pre-
sented him with sequences that
could all be associated with running
times. His performance jumped by
22%, from an average of 16 to an av-
erage of 19.5 digits,

This last experiment also dem-
onstrates that SF's memory span for
digits was not unlimited even when
all the groups of 3 and 4 digits were
meaningful. SF was at that time able
to remember only three or four such
groups in addition to the 5 or 6 digits
at the end of a sequence that he re-

higher-level group

A

higherijevel group

Super  super sSUper super
4 4 4 4 4 4 3 3 3 13 3

hearsed to himself It was only after
he introduced a new level of encod-
ing, in which the digit groups were
combined into “super groups,” that
SF was able reliably to recall more
than four groups For example, to
remember 25 digits, SF normally
grouped the digits into three groups
of 4 digits each, three groups of 3
digits each, and a 4-digit rehearsal
group at the end. One indication of
this grouping structure is that when
a subject repeats the digits, there is a
falling intonation in his voice on the
last group of 4 digits and there is a
long pause before he repeats the 3-
digit group. With further practice, SF
continued to introduce further levels
into his hierarchical storage of digit
groups until he reached his highest
memory span of 82 digits. His orga-
nization of 80 digits is shown in
Figure 2.

In another series of experiments,
we demonstrated that SF stored these
digits in a retrievable form in L T™, as
shown by his ability to recall over
90% of the 200-300 digits presented
during an entire session. When SF
could regulate the speed of presen-
tation of digits, after about 100 hours
of practice he was able to reduce by
half the time he needed to memorize
50 digits.

On the basis of these and other
experiments, we concluded that S5F’s
memory skill consisted of efficient
and rapid storage and retrieval of
information in LTtM. SF did not
achieve his extraordinary perfor-
mance by simply improving his
ability to rehearse digits mentaily In
fact, he relied on rehearsal only to
remember the last few digits pre-
sented in each sequence He gave the

high/e{evel group

super super super rehearsal
group group group  group

4 4 4 33 3 4 4 4 5

Figure 2. 5T always grouped each sequence of digils in a specified order and arranged the
groups hierarchically as shown here. Except for the group of 5 digils at the end that he
rehearsed mentally, SF coded sequences of digits into groups of 3 or 4 digits, which, in
turn, were combined into “super groups.” These super groups were then combined into

higher-level greups.
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other inherently meaningless digits
meaningful interpretations as run-
ning times, ages, dates, and so on.
Throughout his development of the
memory skill there is no evidence
that 5F extended the limits of sTM.
The largest number of digits for
which he generated mnemonic as-
sociations was four, and the number
of encoded digit groups in a single
“super group” was never more than
four. Even after 20 months of prac-
tice, he almost never rehearsed more
than six digits to himself. We also
tested his memory span for another
kind of symbol—i.e, consonants—
and found that it remained at six
consonants,

We have elsewhere reported the
results of experiments analyzing er-
rors in recall and temporal patterns
of recall that strongly support the
description we have given here of
SF's skill (Chase and Ericsson 1981,
1982, Ericsson et al 1980). We have
also shown that other subjects can
acquire the same skill with practice
and initial coaching. Using SF's
techniques, another long-distance

Figure 3. At the right is a 25-digit matrix of
the type used by Alfred Binet to test his
memory experts. Binet asked his subjects to
repeat the whole matrix in the various
orders shown, or to repeat an individual
row as a 5-digit number. If the matrix is
memorized as a visual image, retrieving
the numbers in any order should be
equally fast. However, if the matrix is
memorized as a sequence, retrieving it in
the order in which it was memorized
should be much faster than retrieving it in
any other order.

rows

upward columns

A A A A A
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columns

runner, DD, has been able to improve
his digit span, which is currently at
about 75 digits (see Fig 1).

In this series of studies, we have
demonstrated that normal adults can
perform outstanding feats of memory
without extending any of the basic
limitations of normal memory. In
memory tasks in which normal
subjects rely on rehearsal in $TM, our
trained subjects rapidly encoded the
information meaningfully and were
able to store it in permanent and re-
trievable form in LTM.

LTM storage processes

Are the cognitive processes of
meaningful encoding and storage in
LTM sufficient to account for perfor-
mances of expert and exceptional
memory? Relatively little informa-
tion is available on the cognitive
processes used by exceptional
subjects to commit information to
memory. However, Miiller (1911)
analyzed in detail how Riickle, who
had the highest observed digit span
reported in the literature, memorized

spiral

backward rows

digit sequences. Riickle reported di.
viding 18 digits into three groups of
6 digits and meaningfully encoding
each of these groups by using his
extensive knowledge of numbers
For example, 893047 was encoded as
893 = 19 X 47; 047 = 47

From Luria’s (1968) analysis of §
we know that S committed infmma:
tion to LTM, as evidenced by hig
ability to recall the information days,
weeks, and years later S reported
that he generated meaningful asso-
ciations for many types of nonsenge
materials, such as foreign poems, to
aid memorization. (S denied using
such associations for numbers. We
will return o this fact later )

Mnemonic associations like
those described by S have been
known since the time of the ancient
Greek orators, who developed tech-
niques to aid them in memorizing
lists of items and names. An example
of these techniques, which have been
refined and extended over the
centuries (Lorayne and Lucas 1974;
Yates 1966), is the generation of a
mental image to connect otherwise
unrelated words. The word pair
“cow, ball” can be effectively re-
membered if one forms an image of
a cow kicking a ball.

It has been shown fairly recently
that even without practice normal
people can use these techniques to
improve their memory significantly
{Bower 1972). In fact, people do not
normally commit nonsense infor-
mation to memory simply by rote
rehearsal. Psychological experiments
have demonstrated that normal
subjects almost invariably generate
meaningful associations when they
memorize nonsense words (Mont-
ague et al. 1966, Prytulak 1971) For
example, the nonsense syllable “cts”
can be remembered as “cats without
an a ” Mnemonic techniques appear
to be simply more effective versions
of methods that people normally use
to memorize information, and people
can easily learn to use mnemonic
techniques to improve their perfor-
mance. Thus, the techniques used by
individuals with exceptional mem-
ory are not qualitatively different
from the methods used by normal
people.

We have tried to show that feats
of exceptional memory exhibit the
same characteristics as the feats of our
trained subjects. We will now com~
pare one subject’s performance ona
certain task with the performance of
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the exceptional people. We have se-
lected memorization of matrices of
digits as the task, because S regarded
numbers as “the simplest type of
material” (Luria 1968, p. 60} and be-
cause numbers were the only kind of
material for which S did not report
generating mnemonic associations.

Process and structure of
exceptional memory

In comparing people with allegedly
exceptional memory to our trained
normal subjects, we are interested in
showing not only that the perfor-
mance of the two groups is compa-
rable, but also that their cognitive
processes and subsequent memory
structures—the ways in which they
store information—are similar. The
first problem is to evaluate the
memory structure.

Fortunately, there are data that
have been used to infer the structure
of exceptional memory. Suppose that
a subject is asked to memorize a ma-
trix of digits like the ores shown in
Figures 3 and 4. Binet (1894) used
such a procedure to study the mem-
ory of mental calculators, and Luria
used a similar procedure to assess §'s
memory structures. The underlying
idea is quite simple and straightfor-
ward: once a subject has memorized
the matrix we can examine the
memory structure by seeing how the
information is retrieved.

According to the theories that
came to be accepted around the turn
of the century, there are basically two
ways that a matrix can be stored in
memory. It can be stored as a list of
auditory symbols, the way most
people store the alphabet or the na-
tional anthem. Alternatively a matrix
can be stored visually, which pre-
serves its spatial structure. If the
matrix is stored auditorily, then the
information can be rapidly retrieved
only in the same order in which it
was committed to memory Retriev-
ing the matrix in any other way, such
as backward or by columns, would be
much harder and would take longer.
On the other hand, if the matrix is
stored visually, it should be possible
to retrieve the information in almost
any way with about the same speed.
The implicit assumption is that re-
trieval from a visual image is analo-
Bous to scanning a visual display

To assess how the information
was stored, the subjects were in-
Structed to recall the digits in many

different ways, several of which are
illustrated in Figure 3. The time
needed by several mental calculators
and other subjects to study and then
to retrieve the 25-digit matrix are
given in Table 2; Table 3 gives similar
results for Luria’s 50-digit matrix.
Before we turn to a detailed
discussion of these resulls, let us
briefly report how they were origi-
nally interpreted. Binet (1894) argued
that the data shown in Table 2 sup-
ported the reports of the mental cal-
culators Inaudi, who claimed to en-
code the digits as auditory symbols,
and Diamondi, who claimed to en-
code them visually, as Diamondi was
much faster than Inaudi in retrieving
the digits. Luria (1968) argued that
the data shown in Table 3 upheld S's
reports of generating a visual image

of the digit matrix, as his retrieval
times were about the same regardless
of the order in which the digits were
recalled These data are the only ob-
jective evidence supporting Luria’s
claim that 5 had a structurally unique
memory The rest of §'s memory
performance is based on standard
maemonic technigues

We had our trained subject, SF,
and a few other undergraduates
perform the same tasks {see Tables 2
and 3). Furthermore, we found that
Miiller (1917} had collected data on
normal subjects and on the mathe-
matics professor Riickle for Binet's
25-digit matrix (see Table 2) We can
see that the normal subjects took
much longer than our trained subject
and the exceptional subjects to study
the matrices. However, there is no

Figure 4, Aleksandr Luria used a 50-digit matrix to test the memory of his subject, 5.
According to Luria, $s memory was structurally unique becanse 5 could retrieve digits in
the matrix in any of the orders shown with equal speed.

entire matrix third column
6 6 8 0 L o *» s 4 o
5 4 3 2 e ¢ o 4 o
Tt 6 B8 4 g gy e o 4 =»
7 9 3 5 o e o ¢ d& o
4 2 3 7 D e e e ¢ d o
3 8 9 1 o — s o 4 o
1 0 0 2 L e s e o 4
3 4 5 1 D e e s & 4 o
2 7 6 8 L ™28 e o 4§ =
t 9 2 8 g « o 4 o
2 8 6 7 O gy s e .
5 5 2 o L aae s o e ® d

(U Lo s . "i’

second column
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Table 2. Time (in seconds) needed to study and retrieve Binel's matrix

Study time
Refrieval time
Rows
Individual row as 5-digit number
Backward rows
Columns
Upward columns
Spiral
Diagonals

2 Binet 1894
b Mitller 1917

¢ An average based on the limes of elght subjects reported by Milller (1917)

Riickle
{rnore than one Normal Number of
Inaudi®  Diamondi®  Rickle® yearlaten®t SF subjects © retrievals

45 180 20.2 12.7 26.8 2296
19 g 72 a7 418 24 5
7 9 7.8 8.3 28.7 312 5
- —_ 9.0 70 229 339 §
[s14] 35 239 191 640 716 25
86 38 2486 18.5 585 —_ 25
80 a6 297 85 433 73.8 11
168 53 587 18,4 926 124.0 25

evidence that the mental calculators
and 5 were faster than SF and Riickle.
Rather, there is a clear indication to
the contrary.

Let us now proceed to the times
required to retrieve the memorized
digits in different orders. A visual
inspection of the retrieval times re-
veals no clear, systematic differences
between the exceptional, trained,
and normal subjects. Although it
took the normal subjects many times
longer than the experts to memorize
the matrices, they were able to re-
trieve parts of the matrices almost as
fast as the experts. From experimen-
tal studies, we know that the speed of
retrieval is closely related to the extra
study time spent beyond that re-
quired for memorization alone {see,
for example, Newell and Rosen-
bloom 1981} Thus, it will be the rela-
tions between different retrieval
times of a subject that will give us
information about the memory
structure, rather than the absolute
retrieval times, To take a simple ex-
ample, are the experts able to retrieve
a matrix by columns as fast as by

rows? Such a result would support
the idea that the experts are retriev-
ing information from an uncoded
visual image.

We can measure the similarity of
the pattern of retrieval times for any
two subjects by calculating the cor-
relation coefficient. A high positive
correlation shows a very similar
pattern of retrieval times for the
subjects and suggests that they have
similar memory structures. For the
25-digit matrix shown in Figure 3,
the correlations between all subjects
are very high and positive; in Table
4 we have given the correlations be-
tween the average retrieval time of
normal subjects and that of each ex-
ceptiorial subject in Table 2.

When we calculate the corre-
sponding correlations for the 50-digit
matrix shown in Figure 4 and the
subjects in Table 3, we find them to
be low and within chance variation
(Table 5) The retrieval times for this
matrix appear to be about the same
regardless of the retrieval instruc-
tion, and this same pattern of uni-
form times is indicated by all

subjects—which would lead to the
low correlations in Table 5 The in-
teresting result to notice is that
subjects are able to retrieve the entire
matrix row by row as fast as they can
retrieve a single column.

Given our knowledge of the
cognitive processes used by trained
subjects, can we account for the ob-
served pattern of retrieval times? SF
reported commiting the matrices to
memory in a manner similar to the
way in which he memorized digits in
the digit-span task. Using his mne-
monic associations, he coded each
row of the matrix as a single digit
group, and he stored each row in a
memory structure similar to that
shown in Figure 2. He 1etrieved the
matrix row by row and extracted the
tequired digit or digits from each
row.The time-consuming phase was
retrieving the next digit group; once
& group was retrieved, finding the
digits within a row was almost im-
mediate. Similar verbal reports were
obtained from our normal subjects
and were given by Riickle (Miller
1911, 1917) as well as the mnemonist

Table 3. Time (In seconds) needed to study and retrieve Luria's matrix

SF (one

SF year later) se ypo ABe g4 §24d
Study time 187 81 180 390 222 798 1,240

Retrieval time
Entire matrix 43 57 40 42 51 77 g5
Third cotumn 41 58 80 58 56 125 147
Second column 41 46 25 39 40 81 110
Second column up 47 30 30 44 54 112 83
Zigzag diagonal 64 as 35 — 52 123 107

2 Luria 1968
b Hunt and Love 1972

¢ Bubject with mnemonics training
9 Normal subject

Number of
53¢ 549  Average® retrievals
885 715 8860
42 51 66 13
42 78 90 13
31 40 66 13
46 63 78 13
78 94 101 12
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ve {I‘;Ivt;n;aavx;ddgséz; zZ?x?ﬁpIe model Table 4. Correlation coefficients of retrieval time for Binet's matrix
Number of of retrieval, based on these reports, in Rickle (more than Normad
= 3 3 :
retrigvals gﬁ;hmsati?i}s;stsnﬁ?rﬁy arti ;itgfg; Inaudi  Diamondl  Ruckle  one year later) 8F  subjects
groups in LTM. This model predicts  Normal subjects 098 098 09w 0.80¢ 0 90
that the time needed to recall a ma- IN=5 (N=5 (N=86) N = §) (N = 6)
5 trix in any order is a linear function  Model
5 of the number of times a new digit All retrieval 0765 0 B4e 073 098> 0.867  086°
5 : group or row is retrieved. In the last instructions N=6) (N=6) (N=T) (N=7) N=7) (N=8g)
25 { column of Tables 2 and 3 we have )
25 given, for each retrieval instruction, ~ Famifiarretrleval - 082°  1.00°  1.00° 0.99° 092° 098
11 the number of times a new digit instructions (N=4d) (N=4) (N=B5) {N = §) N=0) (N=4)
25 group has to be retrieved. The model
does a remarkably good job of pre- 5?23'23 ]
dicting retrieval times in Table 2 for  cp £ g5
the 25-digit matrix: retrieving the
matrix by rows, which involves 5
digit groups, is faster than retrieving  over 10,000 hours of practice (Chase ferences in memory but with practice
sad to the | the matrix by columns, which in- and Simon 1973a, b). Although we in t'he efficient use of LM We also
‘5 The in- volves 25 groups, and retrieving lack d'ata onlthe me‘ntal calculators  believe that such superior memory
'e' is that | TOWS backvya{d takes attout the same Inaudi ar}d Diamondi, we know from can be, an.d is, acgulred by any nor-
the entire time as retrieving tk}em in the natural  our studies of atnqther rr.lental calcu-  mal adglt in certain areas qf expertise
s they can left-to-right direction. The correla- lator, AB, that similar estimates of the and skill. Because individuals de-
tions between the model’s predic- amount of practice are reasonable. velop skills in a variety of domains,
ge of the tions and the pbserved retrieval In"formation ~on mathematicians itisdifficult to find a set of skills that
Sy trained | times are very high for all retrieval  Riickle and Aitken and other expert all normal adults have invariably
0}; the ob- instructions and even .higher if ?he sub]ect‘s also provides evidence of acquired. However, all adults are
times? SF unusua_i instructions—i.e, the §p1rai extensive practice. Corr:esponcling experts in using their native lan-
\atrices ko and diagqnal patterns in Figure data. on amount of practice are not guage Evenaftera hupdre;i hours of
ilar to the 3—are omitted, as shown in the bot- available for the mnemonists $ and  practice and instruction in a new
d digits in tom two rows of Table 4. The model VP. However, Huntand Love (1972) language, a person is still a be-
his mne- furt}le: accurately predicts that the noteci' that both 5 and VP were edu- ginner.
Jded each retszeval_ times in Table 3 for the cated in Latvia, whose school system It is well known that.normal
aple digit | various instructions used with the relied primarily on rote memoriza- people’s memory for prose is many
16°e dig t 50-digit matrix should take approxi- tion, and thus the mnemonists were times better than that for nonsense
‘rfct’;“’ iﬁa‘i mately the same length of time: the given ample opportunities and mo- material (Kintsch 1974; Kintsch and
jeved the | Entire matrix as well as single col- tivation  for developing their Van Dijk 1978). Although people’s
racted the | WWNS requires 13 r.etnevals,. memories. Further evxc_ience of t'he %ong—term retention of exact wording
rom each | . ‘Bef:ause we f1n§1 cons@erabie importance of extensive practice is poor, they virtually always recall
>hase was similarity and consistency in the comes from styd:es des;gned to sentences that are semantically con-
oup; once pattern of the retrieval times for all :dent}gy the differences in basic sistent with the presentec.:l sentence.
. din’g the subjects, we argue that the dlff@{"ence cognitive processes I?etween normal Most errors concern lexical substi-
lmost im- between .no_rmal and exceptional and exceptional subjects. Hunt and  tutions without_effect on meaning,
orts were | MEMOTY lies in the speed of encoding Love (1972) gave VP a large number suc!n as exck_langmg defm‘zte and in-
| subjects and successful storage in LTM. of .psycho;qetnc tests measuring definite articles and alt.efrmg prepo-
- (M 31 Her Amount of practice appears to be the basic cognitive processes. His per- sitions. Sometimes modifiers, such as
- .. | major factor in the speed of storage. formance was not outside the range adjectives and adverbs, are omitted.
Nemonist | goth SF and Riickle showed a re-  of the best normal subjectsonany of Insum, people’s long-term retention
markable reduction in their study the tests except for those concerned of prose is based on the semantic
times when they were tested with with memory content.
matrices again after at least a year of So far we have argued that su- What about short-term reten-
umber of intervening practice (see Tables 2 perior or exceptional memory is not tion? Several investigators, using
elrievals and 3). At the second testing they associated with any structural dif- slightly different procedures than
were clearly better than the corre-
sponding exceptional subjects.
Table 5. Correlation coefficients of retrieval time for Lurla's matrix?
13 Is exceptional memory SF (one
- really exceptional? SF yearlater) s v ABY
13 We now evaluate the possibility that ~Normal subjects 0.73 ~0 18 040 089 055
12 the performance of the exceptional (N=5) N =5) N=8) (N=4) (N =15
::1:2 ?Igiicjd?ﬁciiles g‘;g tgfe:}t}t:;-s- zCoefiicients are all within chaf-nce variation
masters, we know that they have had Subject with mnemonics tralning
1982 November-December 613
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those in the regular memory-span
test, have shown that normal subjects
are in fact able to retain for a short
time the exact wording of sentences,
markedly surpassing the normal sIM
limit of only 6 or so unrelated words
(Aaronson and Scarborough 1977;
Jarvella 1971).

In order to compare memory for
prose directly with the standard es-
timates of memory span, Ericsson
and Karat (1981) used a procedure
closely analogous to the digit-span
task. They took meaningful sen-
tences with different numbers of
words from short stories and novels
by Steinbeck. The longer sentences
were used intact and were also
scrambled to form meaningless se-
quences of the same words. These
two types of stimuli correspond
closely to the regular and scrambled
chessboards studied by Chase and
Simon (1973a, b) Both intact and
scrambled sentences were read in the
same monotone and at the same
speed of one word persecond Atthe
end of each sentence, the subjects
wrote down as much of it as they
could remember.

There was a striking difference
in the amount remembered between
the meaningful sentences and the
scrambled words, The subjects had
perfect recall half the time of scram-
bled sequences of only about 6
words, in complete agreement with
the estimates we cited earlier of
memory span for unrelated words.
As predicted, the subjects’ ability to
recall the exact words of meaningful
sentences was much befter; sentences
of 12 to 14 words were recalled per-
fectly about half the time Although
the average percent of perfectly re-
called sentences decreased as the
number of woids in the sentences
increased, several well-formed sen-
tences with as many as 28 words were
recalled perfectly by some subjects
To take one example, 2 of 20 subjects
recalled the following 28-word sen-
tence perfectly: “She brushed a cloud
of hair out of her eyes with the back
of her glove and left a smudge of
earth on her cheek in doing it.”

In terms of the amount recalled,
these memory feats by normal
subjects seem almost as impressive as
those exhibited by the chess masters
and digit experts. The question is
whether we can account for normal
subjects’ supetior memory for sen-
tences with reference to the same
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mechanisms that underlie excep-
tional memory.

We designed an experiment to
evaluate the hypothesis that L1M is
responsible for the superior memory
span for sentences. For scrambled
words, little or no LTM would be ex-
pected We presented intact and
scrambled sentences alternately, and
asked the subjects for immediate
written recall after each sentence.
The major difference from earlier
experiments was that we also unex-
pectedly asked the subjects to recall
all the presented information after-
ward, when they were cued by a
unique word from each sentence.

The main result of this experi-
ment was that the subjects’ cued re-
call of the intact sentences was 1e-
markably high, but their recall of the
scrambled sentences was virtually
nenexistent. In only 12% of the cases
could the subjects recall anything
from the scrambled sentences, and in
only 4% were they able to recall more
than a single word. In contrast, they
recalled words from intact sentences
79% of the time, generally remem-
bering more than half the presented
words This result clearly indicates
the involvement of LIM in the supe-
rior memory for sentences,

In our experiments we have also
consistently found systematic indi-
vidual differences in the ability to
recall sentences Using traditional
methods for calculating memory
span, we found the span for words in
sentences to range from 11.0to 20 5
words for different subjects. When
we analyzed our data in terms of the
number of perfectly recalled sen-
tences or the percent of recalled
words we found reliable individual
differences as well,

We conducted a final experi-
ment to explore the relation between
the subjects’ language skill and their
memory span for sentences. Lan-
guage skill was assessed by a test of
correct language use and verbal rea-
soning To be able to refute the im-
portance of general intelligence, we
also gave the subjects a test of nu-
meric reasoning. The number of
correctly recalled words was very
well predicted by both the language
usage test (r=072,p < 0.001)and the
verbal reasoning test (r = 074, p <
0.001). For the number of correctly
recalled whole sentences, the verbal
reasoning test {(r = 0.66, p < 0.001)
was a slightly better predictor than

the language usage test (r = ( 50 p<
0.01). The numeric reasoning test was
only weakly related to these mea-
sures of accuracy and did not con-
tribute any additional information
Similar results have been reported by
Daneman and Carpenter (1980)

It appears thaF normal people’s
memory for prose involves the same
mechanisms that underlie expert
memory. People’s memory for prose
can exceed their STM capacity if they
use their knowledge of semantics
and syntax to store information in
L1M. Further, one can interpret the
large individual differences in prose
memory as due primarily to differ-
ences in language skill People who
have spent many years building up
their language skills have acquired
an extensive verbal knowledge base
in L'TM that can be used more effec-
tively to store the meaning and
structure of sentences

We noted earlier that feats of
exceptional memory have been ex-
hibited for information that is unfa-
miliar or meaningless to normal
subjects. Normal subjects” memory
for such information is severely
limited and appears to reflect some
fixed structural limits of the cogni-
tive processing system for briefly
presented information However, we
have shown that normal subjects can,
through extensive practice, vastly
improve their memory for certain
types of information, even surpass-
ing the performance of individuals
with allegedly exceptional memory.
The patterns of retrieval used by
these trained normal subjects and by
people with exceptional memories
for large matrices of digits are similar
to the processes used by untrained
normal subjects to remember mean-
ingful sentences

In our analysis of large differ-
erces in memory performance, we
have found that certain limits remain
unchanged. We noted that the num-
ber of chunks of information that out
subject SF kept in mind was limited
to four, regardless of whether the
chunks corresponded to digits ré-
hearsed in SIM, digits stored as 2
group, ot groups of digits stored asa
super group In fact, we have not
found a single exception to this limit
in our analysis of the memory pPer”
formance of normal subjects, experts
and mnemonists. .

Exceptional memory 15 4 skill
based on learned cognitive processes
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developed through extensive prac-
tice and experience, that allows for
rapid and efficient use of L TM. Fur-
ther, this skill is developed within
the basic abilities and limits of the
normal cognitive system. In every
recorded feat of exceptional memory
we have identified the same compo-
nents: the importance of prior expe-
rience and practice, the availability
of meaningful associations, storage
in LTM, and efficient retrieval of in-
formation from LIM. A single model
is adequate to describe all adult
memory.
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