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K. Anders Ericsson
William G. Chase '

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

/Then are scientific records of mem-
ory feats that deviate so markedly forashort time but then is irrevoca-

from the normal that they are called - bly lost unless it is sttended to again,
exceptional and are assumed to re- or rehearsed. This temporary stocage

flect a memory system structurally
different from that of most people.
Some -recent research involving
memory training of normal people

. is called short-term memory
(ST™). The amount of information
that can be held atone time in STM is

Hmited formrn\dpeoyle

has led us to question this distinction. To be stored permanently, informa-
We will first describe the empirical tion has to be placed in long-term

evidence reported in support of the memory (LT™), which consistsof an -

idea that exceptional memory is dif- essentially unlimited and permanent
ferent from normal . Then base for storing information. Infor-
wemllmmmmmp- mation in LT can be retrieved only
post of the assertion that normal by precise retrieval cues, and failure
memory structure is sufficient to ex-  in retri¢val is the major cause of ioss

practice and prior experience.

Let us first describe some laws
and general characteristics of normat
human memory and then specify
how exceptional memory devistes
from and comtradicts them. The
contemporary view of the memory

systein in normal adults is that in- -

fo- mation can be held primarily in
two different storage systems:
short-term and long-term memory.

Whtnnewiatornﬂhnbp«cdnd.

mmbmmhm
Department of Pychology ol the Uniscrsity of
Calorade ot Bewider, wheve he hes werked since
1969. He sbisined bis Ph.D. from the University
of Steckholm in Sweden and in 1977-80 was o
resesrch esswcime in the Department of

Poythalogy ot Carnegiv-Nttion Univernty. His ﬂ‘)mmﬂb
pritmary revcovch interests ave wadels of meweory ’ designs, and words. Miller
ond theupht, and in puvvicalor o vevbal reports  (1956) sushmarised this research by
can provide duss for tuch sadeis. Williom G. that sTM has the capacity to
Chase has beew Profsseor of Prychulegy = retain 7 plus or minus 2 symbols or
muumuum% A.uh .m. lmh;‘
and s MA. nd PLD. from the Universiy of m:ul:;uyun:allm'
mmmmumu ymb sls of the chunk are forgotten er
performiance. The authers wieh to resrieved togather, and there is a
qumhb i seval cus for the chun
umwm Stder, CO ‘There have besn many reports

7 }‘
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, exceptional feats, if we. of information in LTM. For normal
wmn mummcu in people it requires consclous effort

and considersble time t0 commit

information to LTM in &

brnﬂmmuwdhbkform-
Paisly early in peychelogy,

at-

were made to messure the

capucity of STM. The most common

w-ﬂnm-cpm

task, in which an
Mlmdwbhn&

in order. ‘l'hﬁnzamn‘n
a fairly rapid rate second)

mum&"mm
tion converted. to LTM. The inter-

memory

dmmummuml

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 meaningiess
material, similar to those used to test
STM 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 sble to commit

Rewspaper reporter
Mﬁﬁ)hmﬂms
showed an exceptional ability to
memorize mesningless information
such as nonsense mathe-
a un-
MWW ittle actual
documentation of 5’s memory feats,
he did a detailed description
of S's memorization of a matrix con-
50 digits. S 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 90 him in
a montal . Luria argued that
L] myuoml was struc-
tuslly different from au-ll and
was based on noncognitive, sensory

processes.

A few recent studies have weed
modern methods to
anal decument the perfor-

.mnzrofpeophmw
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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
got up to the same level as Luria’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
structurés involved in the transfer of
information to LTM. Subject S 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 concentration over pro-

or other itive

volved. The implicit sssumption is
that, even with practice, normal
people’s processes are sim-
&m enough to generate

80 200 250 300
Practice (days)

Fu

0 50 100

Figure 1. Most nermal people can
mb«nmof::‘m.mbl:n
only as 287 digits, SVen peop
with e, memories

cannet
remember s 4 20 digits. Yet SF, »
Wum::zomm
races, developed a set of maemenic
assecistions based on running times that
ensbled hiin to remember sequences of
abeut 80 digits. His memery spaa over 20
months of practics is shown in black. DD,
anether subject whe was s long-distance
runner, was trained te use SF's system, and
his memory span is shown in color.

and ability to recall. Investigators
have demonstrated this relation for
2 numhtefddlhmbﬂdf‘l

(Charness 1979), circuit di-
agrams (Egan and Schwartz 1979),
and srchitectursi drawings (Akin, in

press).

In his original studies Binet
(1894) sent out questionnasires to
chess masters, inquiring about their
imental representation of chess
games. The chess masters almost in-
variably reported having the chess-
anduuvhdinage.l&k:a
mental photograph. However, Binet
ity phs and hn:

lar t
mnhhﬂ the images did
not include thve exact color and de-
tailed features of chess pisces or the

' chess masters are able 10 make a vi-

susl mental cepy of chemsboards
(Chase and Simon 1973s, b; de Groot
1966). When in briefly
mm” of chess pleces
on & chessboard, the masters could
recill tive locations- of only 4 or §

7/ pieces; which wes no-better than the

il with such
., the superior

performance of chess masters was
closely linked to the presence of

meaningful chess patterns, patterns
that have become familiar with years

~ of practice.

In the rest of this article, we.will
argue that both exceptional and ex-
pert memory are 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 LT™M and new in-
formation can be stored efficiently in
a retrievable form by associating it
with familiar material in the knowl-
edge base.

Our argument is based on three
sources 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-
ment of such a memory skill we will
show its relation to the limits of
normal . Second, we will
show that the cognitive structures
and processes acquired through
practice can account for exceptional
and memory. In particular, we

, expert
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

Wcmﬂmhmldbepuﬁc‘
s o g
on ,
whid\'hd mdba-;:;‘hi:
capeci a person’s STM.
hs?,?!nbhﬁhnda uence of
Gigit porseconc. H the subjec epess
t per second.
3'5 e correctly, then the next
sequence is increased by 1 digit;
otherwise, the next sequence is de-
Spem of s cebfect Squal the length of
a
mmmmmman
repest correctly half the time.

We administered the digit-span
task 0 an undery , SF, for
sbout § houra dey, 3 10 S days a week,
for 20 months, or for mare than 230
howrs of laborasory testing. Although




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 alleg-
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 Riickie
(Mdller 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 highl
motivated and constantly tried (liiY
ferent methods to improve his span.
His skill was thus self-taught.

In the first 4 sessions of the ex-
periment, SF either rehearsed the
entire digit sequence or broke the

sequence into two groups and re-

hearsed thé second group. He also
occasionally reported noticing nu-
merical such as 654 and 424.
This is exactly what we observe with
other normal subjects. During this
* initial period, SF’s memory span
uycdwitbmaa«-dnngeofﬂo
9 digits.

In the fifth session, SF noticed
that some digit groups reminded him
:&‘fl’ running times for different races.

was a good long-distance runner
who competed in races throughout

tMmUNMSMM.)ann.

hcmmdthinkin.dmeh :l git
groups as running times, his digit
span incressed markedly. What-

mmmnenhuylom¢3-
) 4-digit groups as ruan mes
for various races. Fer example, he
remembered 3492 a8 3 minutes and
49.2 seconds. near werid-record time
for & mile.” In the early

dumwﬂncm:l\cgndu-
ally constructed an elaborste set of
mnemonic associations based ini-
tislly on mmm and then

S sl o
8
wmamw:"nmmm«

.w«uwumhvmmm

net, -
Running times account for m

- ciate with

Table 1. Digit spans of memory experts

Memory  Dight

nvestipator oxpert span
Binet (1894) naudi <12
Diamondi <12

Amould <12

Miller (1911) Rickie 18
Luria (1908) S <20
Hintandlove (WT) W 17
Hunter (3979 ARken 18

ages 25%, of SF'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 , We simulat-
ed the s involved in receiv-

was faced with these uncodable se-
quences, SF's performance dropped
almost to his beginning level. In an-
other experimental session, we pre-
sented him with sequences that
‘could all be associated with running
times. His performance jumped by
22%, from an aversge of 16 to an av-
erage of 19.5 digits.
Thhlme?dmulndem-
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 remil’n'lm- only thr;; o; foursuch
'addition to or 6 digits
mndofammthnhen-

» hearsed to himself. it was only after

he introduced a new leviel of encod-
ing, in which the digit groups wer.
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 isa
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 LTM, 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 prese

tation of afmahoulmhoun
of practice he was able to reduce by
haif the time he needed to memorize

=
the basis of these and other
-experiments, we concluded that SF's

memory skill consisted of efficient

and rapid storage and retrieval of
mlomaﬁoa in LrM. SF did not
adliln his extraordinary- perfor-

mance by simply improving his
ability to rehearse digits mentally. In
fact, he relied on rehearsal only to
remember the last few digits pre-
sented in each sequence. He gave the

¥ m

144 aa

Mzumm
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-MMMHhmdB*QM“M

groupe
robuarsed montully, 5¢ coded soguonm of digitg inte groups of 3 or ¢
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" acquire the same skill with

other inherently meaningless digits mnmr. DD, has been able to improve
meaningful interpretations as run- di;is which is currently at
ning times, ages, dates, and so on. about m(nel?igl)
Throu;l\outhndevelommonhe' In this series of studies, we have
memory skill there is no evidence demonstrated that normal adults can
that SF extended the limits of sTM. orm ou feats of memory
The largest number of digits for without extending any of the basic
which he generated mnemonic ds- limitations of normal memory. In
sociations was four, and the number memory tasks in which normal
of encoded digit groups in a single subjects rely on rehearsal in sTM, Our
“super group” was never more than  trained subjects rapidly encoded the
four. Even after 20 months of prac- information y and were
tice, he almost never rehearsed more  able to store it in permanent and re-
than six digits to himself. We also trievable form in LTM.

tested his memory span for another
-LTM storage processes

kind of —i.e., CORsOnants—
and found that it remained at six
COnSonants. Are the cognitive processes of
We have elsewhere reported the encoding and storage in
results of experiments analyzinger- LM to account for perfor-
rors in recall and temporal patterns menolmndmpuoud
of recall that strongly support the Hetle informa-
description we have given here of tion is available on the
SF’s skill (Chase and Ericsson 1981, processes used by exceptional
1982; Esicsson et al. 1980). w«m subjects to commit information to
also shown that other subjects ca . However, Miller (1911)
unlyud in detail how Rickle, who
and initial coaching. Using SF's had the highest cbeerved digit spen
techniques, another lon;-dm reported ix: the litessture, memorized

Figure 3. At the is 2. 25-digit matvixef - }
the type used by Binet to test his 46 7 1 0 2
m%' M%&Mh '
ovbers ohowa, or to non individual 3 e d
mau!-dxm. matrin 2 1 1 & &
the numbers in any erder should be .o
qullymm “&m?ﬂa e T 4 2 9

MhMEm Tt 8 2 7 9
Mh-ub!“th-mlh
any other evder. .

o columns opirat

o 4

':&ineq::n‘:iu.kﬁckluepomddi-
ng 1 ts into three groups of
6 digits and meaningfully encoding
each of these groups by using his
extensive k of numbers,
‘For example, was encoded as
893 = 19X 47,047 = 47.

From Luria‘s (1968) analysis of S,
we know that S committed informa-
tion to LM, a8 evidenced by his
obm:yu:;nllﬁnil:fomsﬁondays,
weeks, years later. S reported
that he generated meaningful asso-
ciations for many of nonsense
materials, such as gn poems, to
aid memorization. (S denied using
such associations for numbers. We
will return to this fact later.)

Mnemonic associations like
those described by S have been
known since the time of the ancient
Greek orators, who developed tech-

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, bull” can be
mhudifmiommw;eo(
acow kickingaball.
It hae been shown feirly 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 nossense infor-
mation to memoty simply by m
have demonstrated that nomal

ague ot al. 1966; Prytulek 1971). For'
exampie, the ndasense sytiable “cts”
<un be remembered as “cats without

TS S Voot a1
3




digits as the task, because S
numbers. as “the simplest type ol

generating mnemonic associations.

Process and structure of
exceptional memory

the exceptional people. We have se-
lected memorization of matrices of
resﬂded

material” (Luria 1968, p. 60) and be-
cause numbers were the only kind of
material for which S did not report

In comparing people with allegedly
exceptional memory to our trained
normal subjects, we are interested in

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 results, let us
briefly report how they were origi-
naily interpreted. Binet (1894) argued
that the data shown in Table 2 sup-
parted the reports of the mental cal-
culators lmudx. who claimed to en-
code the digits as auditory symbols,

of the digit matrix, as his retrieval
times were about the same

of the order in which the digits were
recalled. These data are the only ob-
jective evidence supporting Luria’s
claim that S had a structurally unigue
memory. The rest of $'s memory
performance is based on standard
mnemonic techniques.

We had our trained subject, SF,
and a few other u uates
perform the same tasks (see Tables 2
and 3). Furthermore, we found that
Maller (1917) had collected data on
normal subjects and on the mathe-

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

is uked to memorize a ma-
tnxot‘d ts like the ones shown in
Figures 3 and 4. Binet (1894) used
such a procedure to study the mem-
ory of mental .and Lusia

mmw
md.omau
the matrix we can examine the

informetior: is ret .
g to the theories that
came o be

of the centucy, are besically two

mphmhdpm«m.m

only in the same order in which it
was committed to memory. Retriev-
the matrix in any other way, such
wasd or by columns, would be

mudl harder and would take longer.

stored visually, it should be possible

any way with about the shme speed.
The implicit assumption is that re-
trieval from a visusl is d:phym
«nam\i s
‘“Tomnhgw tive information
was stored, the subjects

Ma“ﬂamﬂmbm&‘a :

mm,

structure how the
memory by seeing

around the turn
ways that a matrix can be stored in -

mhmhmnawo"
symbols, the way most

On the other hand, if the mateix is -
to retrieve the information in almost

were in-

and Diamondi, who claimed to en- matics
code them visuall ..aninmondi was
much faster than

the digits. Luria (1968) argued that
the data shown in Table 3 upheld §s

reports of generating a visual image

and the

professor Rilckle for Binet’s
25-digit matrix (see Table 2). We can
see that the normal subjects took
much longer than our trained subject

subjects to study

the matrices. However, there is no

Figuse 4 Alekssndr Luris used 2 50-digit matrix te test the memecy of his subject, 5.
9 Luria, §'s memery was siructusally unique because § could retrigve digits in

the matrix in any of the orders shown with equal speed.

ontire matrix
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Table 2. Time (in seconds) needed 10 study and retrieve Binet's matrix
Rickie

 oBinet 1894

® Moller 1917

28381 w3 &

-t

(mare $han one
your isten)*

127

Dismondi®  Rickie®

202

12
18
20
239
46
2.7
87

8.7
8.3
1.0
9.1
18.5
as
18.4

* An sverage bieed on the times of eight subjects reported by Mller (1917)

a
S
B2BBowae

evidence that the mental calculators
and § were faster than SFand Riickie.
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-
vesis no clear, : differences
between the , -trained,
and normal subjects. Although it
took the normal many times
longettl\mtheexmeomoﬁu
the matrices, they were able to re-
mnpmofthemuu&
fast as the experts. Fros
tal studies, we know tha
" retrieval is m»m

bloom 1961). Thus, it will be the rela-
tions between different. retrieval
tinaohn*enhuwm'inu
‘information about the memory
structure, sather thant the absolute
mﬂmromaw
asple; are the experts sbie- /i

almrixbyeolnmuuhduby

j

rows? Such a result would support
ing information from an uncoded
visual image.

We-can mensure the similarity of
the pattern of retrieval times for any
two by caledlating the cor-

correlation shows a very similar
dmmmm

mmwm
structures. ﬂlt

similar memory
-’wmmnws.
hﬂm  the

25-digit
mm

form times is i

subjects
relation coefficient. A high positive

subjects—which would lead to the
low correlations in Table 5. The in-
teresting result to notice is that

- subjects ave able to retrieve the entire

matrix row by row as fast as they can
retrieve a single column.
Given our knowledge of the

mns.mmm“nmmmmim |

B¢ (one
'.;-run

m i

-

‘;'
K |
T
u”
o

i mnd o Tap g

v
-t




VP (Hunt and Love 1972).
We have devised 2 simple model

dumnﬂ&uﬂuuhnuwmum

miul.'m.l’hhnodclm
that the time needed to recall a me~
trix in any ovder is a linear function
oﬁl\ommﬂﬁnua new digit
group or row is retnieved. In the last
column of Tables 2 and 3 we have
given, for each retrieval instruetion,

the- number of times a new digit .

m»ummm

mlwbly good job of |
retrieval times in Table 2 for
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‘1muuwWNmnupmmamuu ferences in memory but with practice
and Simon 1973, b): Although we  in the efficient use of L.TM. We also

Jock dats on the mental calculators believe that such superior memory

- mmw.nmm, can be; and is, acquired by any nor-

- O of snsthermentalcslcy- mal adult in certain aress of expertise

- ond skill. Because individuals de-
skills in a variety of domains,

: m
-it js difficult to find a set of skills that

. -all normal adults have invariably
of - acquired. However, all adults are
in using their native lan-

experts
”Ma&sahmdhouuof

and instruction in a new
a person is still a be-

o8 anvé miv: . matesial (Kiniach 1974; Kintach and
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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 sTM
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 meaningiess 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. At the
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-

,bledsequencesofon!yabouts

words, in complete ent with
the estimates we cited earlier of
mwkmn forunnmed'“':m
the subjecty’ ability to
recall the exact words of meaningful
sentences was much better; sentences
of 12 to 14 words were recalled per-
fectly about half the time. Although
the average: pcmntofp«fecdyn-
called sentences decreased s
number of words in mm

tences with as
recalled perfectly by some subjects.
To take one exampie, 2 of 20 subjects
recalled the following 28-word sen-
tence perfectly: “She brushed a cloud
of hasroul;:: l;;rd :amth the bl:k‘
of her g a
earth on hver cheek in Mn'm":r

In terms of the amount recslled,
these me fests by nermal
subjects seem a8 impremive a8
those exhibited by the chess masters

nd is
:vm‘big'mmmg
:cmu with reference nlhm

mechanisms that under'~ excep-
tional memory.

We designed an experiment to
evaluate the hypothesis that LTM is
responsibie 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 re-
markably high, but their recall of the
scrambled sentences was virtually
nonexistent. 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 inta"t sentences
79% of the time, generally remem-
bering more than haif the presented
words. This result clearly indicates
the invoivement of LTM in the supe-
rior memory for sentences.

Inour we have also
consistently found systematic indi-
vidual differences in the ability to
recall sentences. Using traditional
methods for calculsting memory
span, we found the span for words in
sentences to from 11.0 to 20.5
words for different subjects. When
we analyzed ourdntl in terms of the
number of recalled sen-
tences or the t of recalled
words we found reliable individual
differences as weil.

We conducted a final experi-
ment ©© the relation between
the subjecty’ skill and their
memory span sentences. Lan-
m skill was ssweseud by a test of

use and verbal ree-
nnmg To be able to refute the im-

snml intelligence, we
also pvc t bjects a test of nu-
meric remsoning. The number of
oomctly nca!lcd words was very

both the langua
(r-oyz <mx)=:¢u5:
ml mt(r =074,p <
0.001). For the numberofcomuy

, the vm

the language usage test (r = 0.50, 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 that 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
LT™. 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 lan, skills have acquired
an extensive verbal knowledge base
in LTM 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
limvited and appears to reflect some
fixed structural limits of the cogni-
tive processing system for briefly

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
gop!e with exceptional memories
Iuge matrices of digits are similar
used by untrained
namul subjects to remember mean-
ingful sentences.

In our analysis of large differ-
ences in memory ce,
have found mmmmmm
unchanged. We noted that the num-
ber of chunks of information that our
subject SF kept in mind was limited
to four, regardiess of whether the

chunks corresponded to digits re-
hearsed in ST™, ts stored as a

group, or Buondan

super m‘.{:“ﬁ fact, we have not
found a single exception to this limit
in our ana of the memory per-

formance of normal subjects, experts,
udmm
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" deGroot, A. D. 1966.

developed through extensive prac-
tice and experience, that allows for
rapid and efficient use of LTM. Pur-
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 LT™, and efficient retrieval of in-
formation from LTM. A single model
is adequate to describe all adult
memory. .
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BOULDER, CO 80309

Dr. Fred Melf

SESAME

¢/0 Physics Departaent
University of Califernia
Berkely, CA 98720

Dr. Andreuw !l. e

Americen Institutes for Research
1055 Thomas Jefferson St. W
Washington, DC 20007

Dr. Ernst 1. Mothiepf
Bell Laboratories :
600 Mountain Averiue
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Non Govt

1 DR. WALTER SCHMEIDER
DEPT. OF PSYCHOLOGY
UNIVERSITY OF ILLINOIS
CHAMPAIGH, IL 61820

1 Dr. Alan Schoenfeld :
Departaent of Mathematics
Hamilton College
Clinton, NY 13323

1 Committee on Cognitive Research
: % Or. Lonnie R. Sherrod
Social Science Research Cowncil
605 Third Avenue
New York, NY 10016

1 Robert S, Siegler
. Associste Professor -
Carnegie-Mellon University
Department of Psychology
Schenley Park :
Pittsburgh, PA 15213

.1  Dr. Robert Smith

Department of Computer Seience
Rutgers University
New rmuxek. NJ 08903

"1 Dr. Richerd Snow

School of Bfusstion
Stanford University
Stanford, CA SRY0S

1  Dr. Rodert arnberg
Dept. of Psyuholeogy
Yale niversity ’
Box 11A, Ysle RNation
New Haven, CT 06520

1 DR, ALBENT STEVENS
BOLT BERAREX & umn. e
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Non Govt

Dr. David Stone
ED 236

SUNY, Albany
Albany, NY 12222

DR. PATRICK SUPPES

INSTITUTE FOR MATHEMATICAL STUDIES IN

THE SOCIAL SCIENCES
STANFORD UNIVERSITY
STANFORD, CA 94305

Dr. Kikumi Tatsuoks

Computer Based Education Rcuareh
Labératory

252 Engineering Research Laboratory

University of Illinois

Urbana, IL 61801

Dr. John Thomas

IBM Thomss J. Watson bamh Center
P.0. Box 218 .

Yorktown Maights, NY 10598

DR. PERRY THORNDYXE
THE RAND CORPORATION
1700 MAIN STREET ‘
SANTA MONICA, CA ' 90%06

Dr. Douglas Towns ,
Univ. of 3. Californie
Behaviorisl Testitology lads
Medondo lneh_. CA 90277

COr. 3 hlemer

mémm. .
6271 Variel ivenwe
Woodlend Hills, CA 91364

Dr. Benton J. Underwood
Dept. of Payétmlegy
Northue sterd Winriuy ‘

. Dvagstén, 3 620V

or. Myllis !linr e
O'Mhm of ﬁamca
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1 Dr. David J. Weiss
N660 Elliott Hall
University of !Minnesota
75 E. River Moad
Minneapclis, MN 55455

i 1 DR. GERSHON WELTMAN

PERCEPTRONICS INC.

f 6271 VARIEL AVE. ‘
WOODLAND HILLS, CA 91367 R

1 Dr. Xeith T. Wescourt ) f
i Information Sciences Dept. ‘ |
The Rand Corpocration ) ;
; ©° 1700 Main St. |
. Santa Monica, CA 90406 :

1 DR. SUSAN E. WHITELY . ‘ i
PSYCHOLOGY DEPARTMENT ' . ‘
UNIVERSITY OF KAMNSAS :

LAWRENCE, KANSAS 66048

1  Dr. Christopher Wickens ) ? j’
Department of Psychology o .
University of Illinois
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