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Retention in perceptual memory:
A review of models and data

DONALD LAMING and PETER SCHEIWILLER
University of Cambridge, Cambridge, England

Five contemporary models are surveyed and four experiments reanalyzed in a review of present
knowledge of how the discriminability of two tones or of two lines of different lengths varies with
the temporal interval (1 to 60 sec) between their presentations. Although discriminability (d')
decreases roughly in proportion to the logarithm of the time elapsed, existing experiments have
difficulty in discriminating between the alternative models, and there are practical constraints
on repeating those experiments with significant improvements in precision. However, previous
work suggests that all the models might fail at very short intervals (< 1 sec);certain experiments
with auditory stimuli have found d' to decrease at these short intervals, reversing its principal
trend. A fifth experiment attempts to replicate this finding with visual stimuli; one subject, but
not the other, shows a clear maximum in discriminability at an interstimulus interval of0.25 sec.
This finding is compared, speculatively, with reminiscence and with specific psychophysical sen­
sitivity to changes in the stimulus field.

If two stimuli-two tones or two lengths of line-are
presented in succession for comparison, the accuracy of
that comparison generally decreases with increase in the
temporal interval between the stimuli. We are concerned
here with the quantitative nature of the relation between
the accuracy of the comparison and the time elapsed; and
we shall measure that accuracy by a threshold value [the
stimulus difference that affords 75 % correct two­
alternative forced-ehoice (2AFC) responses] or by the dis­
criminability index d' for a fixed stimulus difference.

This topic has a long history, but has been largely
neglected in this present century, possibly because of the
extreme difficulty of obtaining conclusive results, as will
appear. Nevertheless, we think it worth attention for these
three reasons:

(1.) It is easier and much more common to study for­
getting in the short term using words or digits or non­
sense syllables, but such verbal stimuli suffer a unique
disadvantage. There are only a finite (or at most a count­
able) number of such stimuli, which are, of necessity,
known to the subject and may be envisaged as discrete
neighborhoods in a multidimensional space of acoustic
waveforms. Now, these stimuli (indeed, any stimulus)
may be recalled spontaneously by the subject; and spon­
taneous recall, being a conscious mental experience, cre­
ates its own trace in memory which may itself be recalled
in due tum. If the stimuli are discrete, then recall, provid­
ed it is not too long delayed, is virtually error-free; that
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is, knowledge of the discrete set of possible stimuli may
be invoked to correct any potential errors in recall. And,
by rehearsing the stimuli in this way, it is possible to re­
tain a limited amount (e.g., the digit span) of verbal
material without error for an arbitrary period of time; this
is very well known. But tones and lengths of line may
take a continuum of possible values; and, although such
stimuli may be recalled spontaneously, it is, for this rea­
son, not possible to correct errors in recall.

In experiments with verbal stimuli, it is necessary to
impose a distractor task to prevent rehearsal (e.g., the
Brown-Peterson paradigm); but without collateral obser­
vations one cannot know how effective such a distractor
task is, nor whether it introduces explicit interference with
the material to be remembered. Using a continuum of
stimuli, however, renders this device unnecessary.

(2.) One might expect the retention of any stimulus to
depend on its psychologicalproperties-words have mean­
ings and associations and these have long been known to
be related to memorability (Noble, 1952a, 1952b). In
comparison, the stimuli employed in the experiments be­
low are much simpler and their psychological properties
better understood (see Laming, in press). In addition,
signal-detection theory provides a well-tried model for the
analysis of the data.

(3.) There are a few experiments in which discrimina­
bility has, paradoxically, improved with lapse of time,
up to a second or so, and it is possible that further study
of the conditions under which this is observed might pro­
mote some radical development of our understanding of
retention.

The study of the retention of simple stiinuli in percep­
tual memory has a long history, which begins with a var­
iety of casual observations about mnemonic function
reported by Weber (1834/1978, 1846/1978; see Ross &
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(P.correct)/(P.wrong) = k/(log t) + c, (2)

which is very similar to the equation fitted by Ebbinghaus
(1885/1913/1964; see the translation by Ruger and Bus­
senius, p. 77) to his own data on the retention of lists of
nonsense syllables over much longer periods of time
(19 min to 31 days). The recall of a variety of different
kinds of material seems to depend on retention interval
via the medium of its logarithm (i.e., log t in Equation 2;
see Woodworth & Schlosberg, 1955, pp. 724-728), and
as a representative of this kind of relation we explore the
more modem equation

The Diffusion Model
Suppose the presentation of the standard stimulus to be

represented by a random sample from a normal distribu­
tion, as in signal-detection theory. Suppose that during
the retention interval this representation suffers many
small independent random perturbations occurring at a
uniform rate, and so evolves in a manner analogous to
Brownian motion. The cumulative effect of these pertur­
bations can be represented by an increase in the variance
of the normal distribution, an increase proportional to the
time elapsed. The presentation of the comparison stimu­
lus is represented by a random sample from the other dis­
tribution in the signal-detection model; and the combined
variance of the discrimination between the two stimuli in­
creases with the retention interval as (1 + at), so that

Kinchla and Smyzer (1967) first proposed this model
and reported experiments on the discrimination of visual
position and of auditory amplitude in good agreement with
Equation 4, but explored only the range of retention in­
tervals from 0.5 to 2 sec. Kinchla and Allan (1969) de­
veloped this idea into a model of visual movement per­
ception, and Keller and Kinchla (1968) and Kinchla and
Allan (1970) contributed further experiments, but still only
over the range 0.5 to 2 sec.
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Murray, 1978) in connection with his measurements of
sensory thresholds. Inspired by Weber's observations,
Hegelmaier (1852) published what is possibly the first psy­
chological experiment (using "experiment" in its modem
sense of a systematic, planned, bodyof observations) un­
der the title "On Memory for the Length of a Line."
Hegelmaier's work contains some very elementary errors
of procedure, but is nevertheless of great historical sig­
nificance, since it is the source of the method of constant
stimuli. Hegelmaier's experimental paradigm was subse­
quently used for the study of memory by others, espe­
cially Wolfe (1886) and Lewy (1895), whose data we
reanalyze below. These two studies, and many others of
lesser precision, were reviewed by Kennedy (1898),
whose article, so far as we can discover, is the most re­
cent survey of this small backwater of memory research.

We began by replicating Hegelmaier's experiment with
the benefit of modem instrumentation, modem ex­
perimenal design, and modem statistical analysis. Add
to this a handful of studies published around 1970, con­
ducted, it would seem, without awareness of the 19th cen­
tury work, and the time is ripe for a further review. In
this review, we list the alternative models that have been
proposed and then show, by reanalysis, the extent to which
the best of the extant sets of data discriminate between
them. This exercise clears the decks prior to further
research in this area.

FIVE MODELS FOR THE RETENTION
OF SIMPLE STIMULI

If we were proposing a theory of perceptual memory,
we would need, as a very difficult preliminary, to justify
a specific measure of memory' 'strength. " But, instead,
we look on the models that follow simply as calculational
vehicles for the analysis of experimental data and resolve
this question pragmatically. It happens that all the psy­
chophysical properties of a discrimination between two
separate stimuli are nicely scaled by the value of the
threshold (Laming, in press, chap. 5); so we shall use the
inverse threshold or, what is proportionate, the
discriminability index d I as a pragmatic measure of the
strength of memory.

d'(t) = d'(1) (1 - a In t).

d'(t) = d'(O) (1 + att'h.

(3)

(4)

The Exponential Model
The exponential model is

d'(t) = d'(O) e-at,

The Dual-Trace Model
Wickelgren (1969) substantially replicated Wolfe's ex­

periment with the additional insertion of an interfering
tone during the retention interval. He fitted his estimates

(1) of sensitivity for retention intervals ranging from 1 to
180 sec to the equation

Estimates of a from three subjects ranged from 0.115 to
0.29 sec:' (corresponding to a short-term trace) and of
b from 0 to 0.025 sec? (the long-term trace).

where t is the retention interval. This equation makes for­
getting analogous to the loss of charge from a capacitor,
or the decay of radioactive material, or the damping of
the oscillations of a pendulum. This idea seems to have
been first proposed by Nipher (1876; see Stigler, 1978),
who used the third of these analogies.

d'(t) = 'Ae:" + Be-bl . (5)

The Logarithmic Model
Wolfe (1886) varied the retention interval from 1 to

60 sec and fitted the purely empirical equation

The Storage-Interference Model
Massaro (1970a) proposed a storage-interference model

specifically for the memory of the frequency of a tone.
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FOUR EXPERIMENTS

d'(t) = d'(O) exp[ -a(1-e-bt
) ] . (6)

Since the memory of a tone deteriorates during blank in­
tervals much longer than 0.5 sec, Equation 6 might plau­
sibly describe this forgetting.

Wickelgren (1969)
Wickelgren substantially replicated the work of Wolfe,

with the additional interposition of an interfering tone be­
tween the standard and the comparison. The standard tone
(ranging from 400 to 490 Hz in lO-Hz steps) lasted 3 sec.
The interfering tone was always 930 Hz and filled the en­
tire retention interval, which ranged from 1 to 180 sec.
The comparison tone was either equal to the standard (on
half the trials) or differed from it by ± 10 Hz. Subjects
expressed their judgments on a 9-point scale, from which
estimates of d' were calculated. The numerical estimates
are included in the legend of Figure 6 in Wickelgren
(1969, p. 26), and the d' scores are plotted in Figure 8
(p. 32) of the same article.

quency assumed one of 11 different values in the range
144 to 1004 Hz and was, in addition, varied by a further
±4 Hz to preclude absolute judgment of the comparison
tone.

Lewy (1895)
As his stimulus to be remembered, Lewy used the dis­

tance between two small ivory disks (1.5-mm diam)
viewed against a black cloth background from a distance
of 50 em, One disk was fixed; the other could be moved
on a black silk thread and its position read off from a mil­
limeter scale. On each trial, the subject viewed, for 5 see,
a standard separation between the two disks (which ranged
on different trials from 60 to 200 mm). During the reten­
tion interval, the subject closed his eyes and the ex­
perimenter displaced the movable disk. At the end of the
retention interval, which ranged from 1 to 60 see, the sub­
ject reopened his eyes and gave directions to the ex­
perimenter to restore the movable disk, as near as he (the
subject) could judge, to its previous position-a kind of
method of average error. If the standard deviation of the
variable error of adjustment is expressed as a percentage
of the standard stimulus and averaged over the different
standards, then Figure 2 shows the inverses of those
averages-the inverses being proportional to d' scores­
for two subjects. Each data point in Figure 2 is based on
96 separate adjustments.

Our Experiment 1
To these three, we add our replication of Hegelmaier's

experiment.
Our stimuli were generated in reverse on a video dis­

play unit, appearing as horizontal black lines on a bright
green ground. The ground extended 23 em horizontally
and 13.5 em vertically, but only the central 16 x 9.5 cm
was used for the stimuli. On each trial, a standard line
was presented for 0.5 sec in some randomly chosen lo­
cation within the central part of the ground. The standard
was chosen to have one of seven different lengths at ran­
dom, ranging from 30 to 120 of visual angle. After a
retention interval between 1 and 64 sec, a horizontal com­
parison line was presented, also for 0.5 sec, in some in­
dependent random location. The comparison line was
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Memory strength was assumed to increase according to
a negative exponential function during the presentation
of the standard tone and also during any blank interval
(in practice, of 0.5 sec duration) that followed the stan­
dard; and to decrease during the presentation of an inter­
fering tone according to the equation

Wolfe (1886)
Wolfe used a set of about 300 metal reeds to produce

tones in the frequency range 32 to 1024 Hz. In his ex­
periment, he presented a standard tone of 1 sec duration,
followed by a silent interval in the range 1 to 60 sec and
then a comparison tone which might be equal to, or greater
or less (by 4 Hz) than, the standard. Figure 1 displays
the proportions of correct judgments from the two of
Wolfe's subjects who contributed the greatest numbers
of observations. Each data point is based on 297 (Leh­
mann) or 841 (Wolfe) separate trials. The standard fre-

We reanalyze below the data from three experiments
by Lewy (1895), Wickelgren (1969), and Wolfe (1886),
and add a fourth of our own. The numerical data for each
of the three experiments have been published and cover
a wide range of intervals (at least 1 to 60 sec); we be­
lieve they are the only three. In addition, since the origi­
nal publications by Wolfe and Lewy are not readily ac­
cessible, we republish the best of their data in Figures
1 and 2.

Figure 1. Proportions of correct responses from two subjects judg­
ing a comparison tone that differed by ±4 Hz from, or was equal
to, the standard. The straight lines are least squares regression lines,
and the data are taken from Wolfe (1886, p. 555, Tabelle VIII).



Figure 2. Inverse probable errors of adjustment for two subjects
attempdngto recreate a previously seenseJllll'lltion between twosmall
white disks togetber witb least squares regression lines. The data
are taken from Lewy (1895, p, 242, TabeUe I).

ANALYSIS OF THE DATA

Least Squares Analysis
It is generally found that the standard deviation of in­

dependent estimates of a threshold is itself proportional
to the threshold (Crozier, 1936), and there are theoreti­
cal reasons why this should be so (Laming, in press,
chap. 5). Accordingly, we minimized the sums of squared
deviations of In threshold or In d' about the predictions
of each of our five models. Table 1 shows the minimum
mean square deviation for each model and each separate
subject in the four experiments; and it is immediately ap­
parent that all the models represent the data to about the
same degree of precision. The magnitude of each statis­
tic reflects the concordance between model and data com­
pounded with the precision of the individual experiment,
and for this latter reason comparisons between different
experiments, or even between different subjects within
the one experiment, may not be meaningful. But com­
parisons within each row (i.e., between models) are
directly meaningful, since mean squared deviation is the
statistic that most accurately reflects the concordance be­
tween model and data. And we immediately remark that
Wickelgren's experiment shows a profile of squared devi­
ations very different from the other three.

It is not possible to evaluate statistical comparisons be­
tween the different models, except that the exponential
model is a special case of both the dual-trace model (delet­
ing the long-term trace in Equation 5) and of the storage-

(1966) on the accuracy of reproduction of a movement;
by Posner and Konick (1966) on the recall of the location
of a point on a line, and a replication by Dale (1973) on
the recall of the position of a dot within a square; and
finally by Phillips (1974) on the recognition of matrices
of black and white squares. The experiments reanalyzed
here were selected as being the most informative with
respect to the question of present interest.
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either shorter or longer than the standard by some multi­
ple of 2 %. The presentations of the standard and of the
comparison lines were each preceded by a brief auditory
warning signal, and each response was followed by
knowledge of results before the next trial commenced.

The percentage difference in length between compari­
son and standard was initially set at 10% and thereafter
adjusted up or down according to a staircase procedure
which converged on that difference in length, which af­
forded 71% correct responses (see Levitt, 1971). A
separate staircase was generated for each different reten­
tion interval, so that the experiment consisted of seven
subexperiments randomly interleaved; but within such a
subexperiment no distinction was made between the differ­
ent lengths of the standard line. The two authors served
as subjects, and each completed five experimental ses­
sions. Each session continued until 11 reversals of the
direction of adjustment had been generated in each of the
seven staircases; this took about 100 min. Estimates of
the inverse thresholds for each subject in this experiment
are shown in Figure 3.
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Other Experimental Work
There have, of course, been other experiments on the

retention of simple stimuli of lesser precision or cover­
ing a lesser range of retention intervals. The 19th cen­
tury work is catalogued by Kennedy (1898). Since that
time there have been, among others, experiments by
Bachem (1954) on the retention of a pure tone (this ex­
periment is discussed below); by Adams and Dijkstra

Time elapsed in set.

Figure 3. Inverse thresholds from Experiment 1, together with
least squares regression lines.
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Model

Goodness-of-Fit
It is not possible to assign any significance level to in­

dividual statistics in Table 1 because there is no way of
calculating what those mean squared deviations should be
a priori. But such a calculation is possible with our own
data because we have the individual judgments at hand.
We model each response as an independent binomial trial
with a probability that varies as a normal integral with
respect to the stimulus difference; and the inverse stan­
dard deviation of the normal integral is made to vary with
the retention interval according to one or another of our
five models. On this basis, we calculated a likelihood­
ratio statistic for all except the dual-trace model (where
technical difficulties supervened), and the results are dis­
played in Table 2.

We emphasize at once that all of the models account
for the data to within the limits ofexperimental error. The
values of the chi-square statistics are close to their respec­
tive numbers of degrees of freedom, which are also their
expected values. But there is, as above, a valid compari­
son between the storage-interference model and the sin­
gle exponential. The storage-interference model demon­
strates a significant improvement in fit for Subject D.L.
(xt = 5.618, p < .05) but not for Subject P.S.

The statistics in Table 2 illustrate the difficulty of
research into the retention of simple stimuli. The numer­
ical predictions (after the optimal adjustment of at least
two free parameters) from the models so far proposed are
very close to each other in relation to the precision that
can be achieved in anyone experiment. To improve this
precision one might:

(1) Record a much larger number of observations from
each. subject-though that will not resolve a choice be­
tween models, all of which are only approximations to
the true state of nature.

(2) Extend the range of retention intervals compared.
For example, extrapolation of the logarithmic model
(Equation 3) indicates that d'(t) will reach zero when
t = exp(l/a), and least squares estimates of the param-

Table 2
The Concordance of Each Model with the Data from Experiment 1

Subject D.L. Subject P.S.

X' df X' df

note scribbled on a memorandum pad. Looking back at
the first of the arguments in our introduction, we recom­
mend that future work on the question of the discrimina­
tion of auditory frequency, at the least, should use no in­
terfering stimulus.

Single Exponential
(Equation I)

Logarithmic
(Equation 3)

Diffusion
(Equation 4)

Storage-Interference
(Equation 6)

Wickelgren, 1969

B.F. 0.672 0.398 0.161 0.015 0.031
D.W. 0.209 0.108 0.095 0.005 0.005
M.S. 0.327 0.244 0.263 0.044 0.028

Lewy, 1895

AI 0.018 0.012 0.012 0.013 0.011
v. Sch. 0.060 0.031 0.030 0.037 0.031

Present Experiment 1

D.L. 0.050 0.025 0.031 0.031 0.042
P.S. 0.076 0.048 0.056 0.049 0.083

Exponential Logarithmic Diffusion Dual-Trace Storage-
Subject Model Model Model Model Interference

Wolfe, 1886
A.L. 0.008 0.020 0.050 0.009 0.008
H.K.W. 0.019 0.022 0.026 0.023 0.021

Table 1
Minimum Mean Square Deviations for Each Subject

in the Four Experiments

interference model (letting b- 0 while ab remains fixed
in Equation 6). So the reduction in the total sum of
squared deviations occasioned by the introduction of the
additional two (or one) free parameters permits the cal­
culation of an F ratio. In Wickelgren's experiment, the
dual-trace and the storage-interference models achieve a
significant improvement with respect to the exponential
model, significant in every case to at least 0.01. In the
other three experiments, only one such comparison is sig­
nificant [in Lewy's experiment the storage-interference
model shows a significant improvement over the exponen­
tial model in the analysis of von Sch. 's data; F(l,6) =
7.671, P < .05]; and, much more to the point, the tech­
nical reductions in the total sum of squares when fitting
both the dual-trace and the storage-interference models
to H.K.W. 's data (Wolfe, 1886) were so small that they
were lost in the rounding errors of the calculations. This
means that in this one case the F ratios were significant­
1y smaller than one would expect by chance.

The reasons for this difference become apparent on ex­
amining the least squares estimates of the model
parameters. In Wickelgren's experiment, the rate of de­
cay of the long-term trace (parameter b in Equation 5)
was estimated (by our weighted least squares procedure)
to be 0.000, 0.010, and 0.000 for the three subjects,
respectively, so that within the range of retention inter­
vals explored d' tended to a stable limiting value which
was estimated to be 0.30, 0.18, and 0.13, respectively.
The single exponential model, on the other hand, requires
this limiting value to bezero, and the value estimated from
H.K.W.'s data (when fitting the dual-trace model) was
indeed negligible « 5 x 10-5

) . We think the difference
is due to Wickelgren's use of an interfering tone to fill
the retention interval. Massaro (l970b) has shown that,
with short retention intervals (::5;4 sec), the interfering
tone makes the discrimination of frequency more difficult.
But over much longer intervals, the interfering tone might
function as a point of reference serving to preserve the
memory at a low level, somewhat analogous to a brief
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Figure 4. Estimates of d' for each interstimulus interval in Ex­
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Our Experiment 2
We used the same stimuli presented exactly as in Ex­

periment 1 and for the same duration (0.5 sec). The se­
quence of events on each trial was as before, except that
the difference between the standard and comparison lines
was now fixed and the subjectexpressed his posterior con­
fidence, on a 6-point scale, that the comparison line was
shorter/longer than the standard, using the paradigm in­
troduced by Swets, Tanner, and Birdsall (1961, pp. 325­
329). Seven different interstimulus intervals, measured
between the offset of the standard line and the onset of
the comparison, were compared: nominally 0 (i.e., im­
mediate succession), 1Ia, 114, 112, 1,2, and 4 sec. In addi­
tion, a true simultaneous condition was included in which
both lines appeared together, but in different random lo­
cations. These eight experimental conditions were ran­
domly interleaved in the sequence of experimental trials.

The two authors again served as subjects, completing
a total of 500 trials under each experimental condition.
In the light of the results of Experiment 1, the difference
in length between the standard and comparison lines was
fixed at 4% for D.L. and 8% for P.S.

Results. The 500 trials under each different interstimu­
Ius interval were analyzed according to the normal, equal
variance, signal-detection model, and the maximum­
likelihood estimates of d' are displayed in Figure 4. Of
the 16 goodness-of-fit statistics, 4 were significant at .05
(but not at .01). The corresponding sets of data points

interval of about 200 msec, with a less dramatic decrease
at shorter intervals. The decrease of efficiency over these
shorter intervals has been studied in detail by Taylor and
Smith (1975), who report that the stimulus needs to be
brief to demonstrate the effect reliably.

Since all this recent work has used auditory discrimi­
nations, we conducted a secondexperiment with our visual
task, exploring a range of shorter intervals of time.

NONMONOTONIC RETENTION FUNCTIONS

eter a indicate that this critical duration varies in the ex­
periments here from 2 to 70 min. We would not, however,
expect the memory to disappear entirely within that finite
time.

There are obvious practical difficulties in collecting a
sufficient number of judgments combined with so long
a retention interval. Nevertheless, Bachem (1954) has
reported such an experiment, studying the accuracy of dis­
crimination of auditory frequency when the standard and
comparison tones were separated by, variously, 1,3,15,
and 60 sec, 1 h, 1 day, and 1 week. For two subjects
without the faculty of "absolute pitch," Bachem's results
appear to conform (very approximately) to the logarith­
mic model up to, perhaps, 1 h; but thereafter the rate of
loss of discriminability is much less than extrapolation of
Equation 3 would indicate. Two other subjects possess­
ing "absolute pitch" reached an asymptotic lower limit
of discriminability after about 1 min. This lower limit is
mediated by categorizing the chroma of the tone relative
to the notes of the musical scale and remembering that
verbal label; it works only for frequencies within the usual
musical range (up to 4 kHz).

(3) Look for some related phenomenon which might in­
dicate how to increase the variety of relevant observations.
Such a phenomenon is, we believe, the dramatic loss of
discriminative efficiency reported in some experiments
with very short interstimulus intervals, and we now tum
to an examination of this phenomenon.

All of our five models describe a strictly monotonic loss
of discriminative efficiency as the retention interval in­
creases. So, if it could be established that under certain
conditions discrimination actually improved with increase
in the retention interval, a radical revision of all five
models would be required.

The data from Lewy in Figure 2 and from one of
Wolfe's subjects in Figure 1 show a lower threshold or
greater proportion of correct responses after an interval
of 2 sec than after 1 sec. Although this finding is coun­
terintuitive, it is possibly empirical confirmation of We­
ber's (1834/1978) report (see Ross & Murray, 1978,
pp. 94-107) that successively presented stimuli are more
easily discriminated than simultaneous ones. More re­
cently, Tanner (1961, Figure 9) has shown that the effi­
ciency of discriminating two brief I-kHz tones of differ­
ent amplitudes presented successively in Gaussian noise
varies in a remarkable way with the interval between their
presentations. Efficiency was maximal at an interstimu­
Ius interval of600 msec. At longer intervals, it decreased
roughly according to the diffusion model (Equation 4);
at shorter intervals (300, 100, and 50 msec), it decreased
dramatically. This result has been replicated for monaural
discriminations by Sorkin (1966), who also showed that
a dichotic discrimination behaved differently. When the
two tones (of 50 msec duration) were presented to differ­
ent ears, peak efficiency was obtained at an interstimulus
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P("longer"lshorter line)

I
5
I

4
I
2

0.031
0.769

26.358*

7.800
0.126

128.898*

Subject P. S.

2.393
1.517
0.916

Interstimulus Interval s Mean d' X' df

Subject D. L.
1.865
1.390

*Significant at .001.

Sim, %
0, Va, V2, I, 2,4
Residual

Sim
0, Va, %, 112, I
2, 4
Residual

What is the Shape of the
Forgetting Function?

Frankly, we do not know. When forgetting is examined
over a sufficiently wide range of retention intervals
(Woodworth & Schlosberg, 1955), it clearly is not an ex­
ponential decay; the loss of memory increases more nearly
in proportion to the logarithm of the time elapsed. The
logarithmic relation cannot be mathematically correct­
it assumes negative values after a finite lapse of time and
tends to infinity as the retention interval tends to zero.
However, it fits most of the data here (Wickelgren's ex­
periment excepted).

We now take up certain more general questions posed by
our analysis.

crimination (see Woodworth & Schlosberg, 1955,
pp. 220-228).

Table 3
Comparisons of d' Estimates from Experiment 2

Is Perceptual Memory MEMORY?
That is, is the faculty we have been studying the same

as, or related to, that studied by many others with non­
sense syllables, digits, words, sentences, pictures, and so
on? We think the answer should be "Yes," because the
trend of memory loss in the other experiments we have
analyzed can be approximately described by the same kind
of equation (3) that has been found applicable to the f~r­

getting of the other kinds of materials listed above, WIth
retention tested over much longer intervals of time (see
Woodworth & Schlosberg, 1955, pp. 724-728). Physi­
cal processes that evolve even approximately in logarith­
mic time are, at the least, uncommon; and for this reason
we think it likely that the mnemonic function we have been
studying here has much in common with those other
mnemonic functions studied elsewhere.

This is an important issue, because, if the relation be­
tween memory for simple stimuli and memory for words,
pictures, etc., is conceded, then the techniques and theo­
retical groundwork of sensory discrimination and of
signal-detection experiments can be brought to bear on
the study of memory more acutely than they have been
hitherto. Tanner (1961) has already indicated what might
be achieved by this means.

DISCUSSION

08

Simultaneous •
Zero delay 0

1/8 sec •
1/4 sec 0

112 sec •
1 sec 0

2·sec -
4 sec !;

060·40·2
0·0 -+---~--"-------'----r----1

0·0 1·0

deviated from the normal operating characteristic in show­
ing too sharp a "knee"; this deviation is exemplifi~~ by
the data for the simultaneous, 1/4-, and 112-sec conditions
in Figure 5.

We next compared the estimates of d' from the differ­
ent experimental conditions and discovered that those.con­
ditions could be partitioned (differently for each subject),
as set out in Table 3. Estimates from conditions within
the same group do not differ significantly; the differences
between the common d' estimates from different groups
are highly significant. Thus, Subject D.L. (bu.t not ~.S.)
shows a peak in discriminative sensitivity at an mterstimu­
Ius interval of 1/4 sec. This appears to replicate the find­
ings of Tanner (1961) and Sorkin (1966); but we do not
know why only one subject showed this effect. It is not
the case that the significance of D.L. 's data is only mar­
ginal; the probability of obtaining a xf as great as 26.358
by chance is less than 10-6

•

Finally, we looked for shifts in criteria within those
groups of conditions in Table 3 which admit a common
estimate of d'. Subject P.S. showed no such changes. But
D.L. showed a systematic change as the interstimulus in­
terval increased through the values 1, 2, and 4 sec,
whereby the criteria assumed lower values, leading to an
increased proportion of "longer" judgments. Since the
temporal difference between intervals of 1and ~ and 4 sec
is readily perceptible, it is plausible that the subject should
adjust his criteria in this way. And the nature of the ad­
justment accords with a great deal of earlie~ work sum­
marized in Kohler's (1923) model of a fading memory
trace, a model with which he sought to explain the prepon­
derance of negative time-errors in psychophysical dis-

Figure 5. A signal-detection plot of the proportions of each kind
of judgment made by Subject P.S. at each interstimulus interval
in Experiment 2. Three operating characteristics are shown for com­
parison, with d' equal to 0.916, 1.517, and 2.393.
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What of the Peak in Sensitivity for Subject D.L.
After a Retention Interval of Y4 sec?

This could be no more than a chance deviation, but the
significance level attaching to this result is extreme. Since
similar phenomena have been reported by Tanner (1961)
and others listed above, we think mere chance is unlikely
to be the explanation. Taking this result at its face value,
two possible, though speculative, analogies spring to
mind:

Reminiscence. Ballard (1913) found that schoolchil­
dren set to learn poetry showed an improvement from an
immediate written recall to an unexpected second recall
up to 5 days later. Likewise, Ward (1937) demonstrated
an improvement in the recall of nonsense syllables,
presented for massed learning on a memory drum, for
groups of subjects tested after 1/2, 2, and 5 min relative
to a control group tested immediately. There might be a
superficial similarity to these two results and others like
them, different kinds of material passing through a simi­
lar phase of reminiscence followed by forgetting, albeit
at very different rates.

The comparison of difference discrimination and
increment detection. The discrimination between two
separatestimuli of levels X and (X+~X) is psychophysi­
cally different from the detection of an increment ~X ad­
ded to a continuous background oflevel X, and may even
exhibit a lower threshold (see Laming, in press, chaps.
1 and 4, and Leshowitz, Taub, & Raab, 1968, Figures
9 and 10, for explicit examples). It might be meaningful
to compare the zero-delay condition in Experiment 2 to
an increment detection and the Y4 -sec condition to an op­
timum difference discrimination. And it might eventually
tum out that the decay described by our five models is
of the same psychological nature as ordinary forgetting,
but that the nonmonotonicity at very short interstimulus
intervals is of sensory origin.

What Further Experimental Work
Would Be Desirable?

We have reanalyzed the best existing data with respect
to the temporal course of the retention of sensory dis­
criminability, and that reanalysis has failed to discriminate
reliably between any of the different models that have been
proposed. Experiments of a sufficiently increased size
with much larger numbers of trials and covering much
wider ranges of retention interval appear impracticable,
but might ultimately prove to be the only way to study
this question. We suspect that examining the possible oc­
currence of a peak in discriminative sensitivity after some
short interstimulus interval offers a more hopeful way for­
ward. In preliminary studies, Taylor and Smith (1975,
p. 15(0) found no variation in sensitivity for long-duration
(0.5 sec) auditory signals; such variation was found only
for short signals, which is perhaps why our Experiment 2
was relatively uninformative. But if Tanner's peak in dis­
criminative efficiency can be shown to be a robust
phenomenon, and if it can be related to our present un­
derstanding of sensory discrimination, there might be, in

addition, some profound intuitions about how to model
the retention of simple stimuli over longer periods of time.
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