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PHONEMIC MODEL OF SHORT-TERM AUDITORY MEMORY

Ss generally recall strings of acoustically similar
(AS) letters less accurately than strings of acoustically
different (AD) letters (Conrad, 1963).1 A deficit in recall
of AS letters (4S-deficit) occurs not only with sequential
auditory letter presentations, but also with sequential visual
presentations and even with simultaneous visual presenta-
tion of the letters, It occurs in partial report, full report,
and running memory span tests of recall.l The phonemic
model of short-term auditory memory (STAM) proposed
here predicts AS-deficits from the phonemic structure of an
AS alphabet and from parameters established from ADrecall
scores, i.e., without requiring any parameters to be esti-
mated from experiments with AS-stimuli.

Estimating capacity. The model distinguishes capacity
and performance. Performance refers to the score observed
in a recall task; capacity is a theoretical limit on all
performances. For example, scores in total recall tasks are
less than the capacity because, in attempting to report some
letters, S forgets others.

The interference of recall with retention is minimized
in partial report procedures which require S to report only
a small number of letters—designated at random—from the
stimulus. In the theoretical limiting case, when the number
of letters to be reported is one, and when the cue
designating the letter is easily interpreted (i.e., without its
interfering with the contents of memory), the partial report
procedure estimates capacity directly. In practice, partial
reports of 4 letters from among 12 suffice to give estimates
of capacity (after correction for the occasional inability to
report just 4 letters).

Using this method, Sperling and Speelman (1967)
estimated capacity of STAM as 7.5 AD-letters (plus an
auditory poststimulus cue) and 5.3 AS-letters (plus the
cue). The estimates varied less than +% letter with
presentation rate,

Phonemic model of capacity. The basic assumptions of
the phonemic model are: (a) when letters are presented (or
when they are rehearsed), all phonemes of the letters are
stored in memory; (b) once in memory, constituent
phonemes of letters are retained or lost independently; (c)
at recall, if only 1 of the 2 phonemes of a letter is still
available, a guess is made from among those letters of the
alphabet which contain the retained phoneme in the same
position (initial or terminal). For example, in the AS
alphabet (b, c, d, g), retention of the phoneme ¢ is of no
value because it does not discriminate between the letters
of the alphabet,

If the probability p(i) of recalling a constituent
phoneme i of the first n letters in memory is p(i) = 1, 1 <i
< 2n, and of the remaining letters is p(i) = 0, i >2n, then
obviously no difference in memory will be observed for
stimuli of different alphabets. In the phonemic model,
differences between alphabets result only from partial recall
of letters. To make an exact prediction of the difference
between alphabets requires knowledge of how p(i) varies
from 1.0 to 0.0. While there is considerable basis for
assuming exponential decay processes in memory (Atkinson
& Shiffrin, in press; Norman, 1966), it is parsimonious to
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avoid the usual dual-parameter description of exponential
decay, in which strength decays with one parameter and a
second parameter relates strength to p(i). Therefore, it is
assumed simply that p(i) decays exponentially with i (see
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Fig. 1. Theoretical phonemic memory. (Abscissa: phonemic
recency, most recent phoneme is numbered 1. Ordinate: recall
probability defining function. Shaded areas indicate p(i), the
probability of recalling the i/th phoneme. The f’s indicate condi-
tional probability of correct recall of a letter given recall of only its
first (f1) or its second (f5) phoneme.)

Fig. 1). This choice of p(i) yields a one-parameter descrip-
tion of the contents of memory in terms of the total
number of phonemes (area under p(7)).

An AD letter capacity of 7.3 letters implies a phonemic
capacity of a = 16 or 25 phonemes, depending on whether
or not the poststimulus cue is considered to be in memory.
The AS capacity-deficit then is predicted to be 1.7 or 1.8
letters, again depending on whether or not the poststimulus
cue is considered to be in memory. Fortunately, assump-
tions about the poststimulus cue or about the exact shape
of distribution are not critical for predicting AS-deficits.

Predicting performance. To predict performance di-
rectly from the phonemic model of memory, it would be
necessary to make detailed assumptions about Ss’ pat-
terns of rehearsal, and about how rehearsed letters are
stored in STAM. (It was not necessary to make these
assumptions to estimate capacity because capacity of
STAM appears to be independent of rehearsal—Sperling &
Speelman, 1967). The procedure for predicting perform-
ance consists of two parts: () the phonemic model for
capacity, (b) a set of rules—more closely related to the data
than the model—to calculite performance from capacity.

Rules. The pivotal concept of the rules is the memory
span, which is derived from the letter capacity a of STAM
but which is reduced by an amount r which depends on
presentation rate. The mean memory span m is given by m
=g - r, where r equals 0.7, 1.0, 2.3 letters for presentation
rates of 1/sec., 2/sec., 4/sec. Memory span is assumed to be

'For additional references and for details see Sperling and
Speelman (1967).
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normally distributed with o = 1.2 letters. (¢) When a subject
attempts to report all the letters he can from a presented
list of length n, the predicted score, span-, is given by the
smaller of (m,n). (b)) When he makes a partial report of n
letters from among k presented letters, the predicted mean
score is (span-n) (a/k), for k > a > n. (Usually the partial
report score is converted into “number of letters available”
by multiplying it by k/n.) (¢) In a running memory
experiment (S reports only the last letters of a long list) the
predicted score is simply .6m.

Because alphabet does not enter into the rules, all
differences in performance between AD and AS stimuli
derive from the initial differences in letter capacity for
these alphabets, The rules translate the initial capacity
difference into predicted AS-deficits. A large capacity
difference does not necessarily imply a large predicted
AS-deficit in performance. For example, predicted and
observed performance on lists of length-3 is virtually
perfect for AD and AS alphabets.

Goodness of fit. Predictions were based on 38 condi-
tions studied by Sperling and Speelman (1967) which
included 3 procedures (whole report with list lengths of 4
to 12 letters, running memory span, and partial report), 3
presentation rates (1/sec., 2/sec., 4/sec.) and 2 alphabets
(AD=f,h,k,1,mq,x,y;AS=b,c,d,80p,t,v,2). An
iterative optimization procedure was used to obtain the
best overall values of the parameters; these are the values
given in the text, The predictions account for .96 of the
variance of the 38 observed scores (Fig. 2).

These same parameters are not optimal for predicting
the 19 observed AS-deficits, nevertheless they account for
.78 of the variance of these data, Considering the small
range of observed AS-deficits and their greater error (each is
the difference of 2 scores), this also is a satisfactory
prediction.

How well can the rules account for the AS scores when
their parameters are estimated only from AD scores, and
the capacity deficit is estimated simply from the phonemic
structure of the alphabets? This prediction uses no data
whatsoever from the 19 AS-scores; it accounts for .90 of
their observed variance.

The value of the AS capacity-deficit which gives a best
fit to all the data is 1.79 letters, which happens to be
identical to the value predicted from the difference in
phonemic efficiencies of the AD and AS alphabets. How-
ever, when the AS capacity-deficit is estimated from only
the partial report scores—which theoretically give the best
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Fig. 2. Scatter plot- of observed vs. predicted scores in 38
auditory conditions. (Diagonal strokes indicate presentation rate:
up-right = 1/sec., down-right = 2/sec., down-left = 4/sec. Procedures
indicated are: partial report [scored for number of letters available] ,
whole report, and running memory span.)

estimates of capacity—it is 2.25 letters. This discrepancy,
and some other smaller ones, suggest that even the good
observed fit of theory to data is not without strain, that a
better theory is needed.

Conclusion. The twin concepts of memory for pho-
nemes and of phonemic efficiency of an alphabet yield
good predictions of observed AS-deficits. Simple phonemic-
inefficiency of AS alphabets accounts for most of the
adverse effect of acoustic similarity on recall.
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