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Memory strategies in absolute identification
of "circular" pitch
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Shepard (1964) has devised a sequence of synthesized tones that appear to constitute a
"circular" pitch dimension; each tone in the sequence appears to be higher in pitch than the
preceding one, and yet the first tone also seems higher than the last. Two series of such stimuli
(a six-alternative and an eight-alternative set) were used to investigate memory processes in
absolute identification performance whenend stimuli are unavailable as possible anchors. Clear
evidence was obtained for short-term anchoring strategies in this task, but none was ob­
tained for the stable retention of those stimuli corresponding to the ends of the response con­
tinuum. The results are examined in the light of Eriksen and Hake's (1957) subjective-standard
hypothesis.

The original development of the method of absolute
judgment (or single stimuli) as a rating procedure for
measuring discrimination thresholds was based on
the assumption that people are able to remember
the values of the judgmental categories. This memory
assumption seemed to be justified, since difference
thresholds determined by the method of absolute
judgment were in close agreement with those ob­
tained from the other psychophysical procedures
(Wever & Zener, 1928; Woodworth, 1950, pp. 425­
426). However, it should be noted that the stimuli
in these early experiments were very closely spaced,
so perceptual resolution was a major limiting factor
in performance (cf. Pynn, Braida, & Durlach, 1972).

Since the late 194Os, the task has been used primar­
ily to study identification performance. The stimulus
alternatives are assigned unique numerical labels in
order of magnitude or level and are spaced so widely
that they would be impossible to confuse in a simple
discrimination task. Nevertheless, if the stimulus al­
ternatives vary along a single sensory dimension,
errors occur when seven or even fewer alternatives
are presented (Miller, 1956). Clearly, in these exper­
iments, performance is no longer constrained by
limits of sensory discrimination, yet, despite the ex­
plicit assumption underlying the introduction of the
absolute judgment procedure, memory processes
were largely neglected as a possible explanation of
the low limit on identification performance (but see
Pollack, 1954, 1956, 1959).

Recently, Siegel (1972) has reported some studies
of pitch identification with feedback that demon­
strate the importance of short-term memory processes
in this task. He found that identification of a tone
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was much improved if that same stimulus had oc­
curred shortly before in the sequence of trials, and he
concluded that people make their judgments by
trying to match the value of the presented stimulus
to the unstable memory traces of the preceding
stimuli.

It seems likely, however, that additional anchoring
strategies are involved. For example, in Siegel's ex­
periment, performance did not fall to chance level
even when several trials had intervened since the
previous occurrence of the presented tone, and, in an
earlier study by Hartman (1954), also on pitch iden­
tification, a burst of noise presented before each test
tone to "wash out" the traces of preceding tones
had only a limited disruptive effect.

The possible existence of longer term memory
processes in absolute identification was recognized
some time ago by Eriksen and Hake (1957) in their
subjective-standard hypothesis. They suggested that
the observer attempts to retain the values of a few
stimuli in the series as standards for judging the
remainder and thus, in effect, transforms the task
into one of relative judgment. More specifically, they
proposed that people tend to adopt the two extreme
stimuli in the series as anchors and hence make their
judgments by interpolation between the remembered
values of these subjective standards (see also Durlach
& Braida, 1969; Lockhead, 1973). The "end effect"
in absolute identification performance would seem to
provide good evidence for such an anchoring strategy;
identification of the extreme stimuli in the series is
usually markedly enhanced. There are, however,
several alternative explanations for the end effect,
although two of these can be readily eliminated. The
end effect does not result from a tendency to over­
employ the end response categories, since it is found
even when (theoretically defined) bias-free measures
of resolution are used (Braida & Durlach, 1972). Nor
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can the end effect be attributed to a failure of Weber's
law for the extreme stimuli; it appears to be a true
context effect, .. since the confusability of adjacent
stimuli is a function of their position in the set rather
than of their levelsper se (Hartman, 1954).

Two additional rivals to Eriksen and Hake's account
of the end effect cannot be dismissed so easily. The
first, suggested by Garner (1953), is that the end
stimuli are better identified simply because errors
in identifying these can occur in only one direction
(cf. John, 1973). The second possibility is that the
end stimuli are in some way perceptually distinct.

These alternative explanations are difficult to assess
if we consider only the identification of stimuli
varying along bipolar sensory dimensions such as
loudness or length. But, some sensory dimensions,
such as the "color circle," have no obvious ends, in
which case the stimuli can be labeled from any point
we choose. Then, Eriksen and Hake argued, the ob­
server will adopt as subjective standards those stimuli
associated with the ends of the response continuum,
so an end effect should be found even for circular
stimulus dimensions. On the other hand, if the end
effect in judgments of bipolar dimensions results
from the greater distinctiveness of the end stimuli
or because errors in identifying them can occur in
only one direction, then no end effect should be
found for judgments along a circular dimension.

Eriksen and Hake investigated absolute identifi­
cation of a series of stimuli whose color varied only
in hue and which were spaced evenly around the
color circle. They instructed observers to use the
numbers 1 through 20 to identify the colors along the
series, but, for one group. numbering began in the
red region of the color circle, while, for the other
group, it began in the blue-green region. For the first
group, an end effect was found, the stimulus asso­
ciated with the beginning of the response series being
better identified than the others, but the results of the
second group were not so clear, and no obvious
end effect occurred.

The interpretation of Eriksen and Hake's results
is complicated by the presence of especially distinctive
hues along the color circle; furthermore, although
few of us possess "perfect pitch," we all have "per­
fect color." What is needed for a clearer test is
another circular dimension, but there are few, and
the most convenient, angular orientation, is ruled
out by the existence of distinctive positions along
the continuum (the horizontal and vertical). Fortu­
nately, Shepard (1964) has devised an interesting se­
quence of complex tones that has the property of cir­
cularity. Each of the tones consists of 10 frequency
components spaced by octaves, the energy of each
tone being concentrated within the middle compo­
nents. Each successive tone is obtained by shifting
the base frequency slightly higher and then adding
the additional components. The loudness levels of

the components are adjusted to conform to a spectral
envelope, identical for all of the tones in the set.
Eventually, a tone is obtained whose base frequency
corresponds to the second lowest component of the
very first tone in the sequence but whose highest
component is an octave above that of the first tone.
Now we can replace this tone with the first, since
the two differ only in their extreme components,
which are of low intensity and hence virtually in­
audible. Thus, a circle of tones spanning an octave
is obtained. Every tone in the sequence sounds higher
than the one before (although similar in quality and
loudness), and yet the first tone in the sequence also
sounds higher than the last. The resulting sequence is
therefore analogous to the never-ending staircases in
Escher's pictures, which appear to be continuous
although every step seems higher than the one before.

Such a sequence of "circular pitch" stimuli was
used in the present experiment to reexamine Eriksen
and Hake's explanation of the end effect in terms of
their subjective-standard hypothesis.

METHOD

The circular pitch stimuli were generated by means of a PDP­
11/20 computer, which was also used to control the experiment
and to record the responses. Each tone consisted of 10 frequency
components spaced by octaves, the loudness levels of the com­
ponents being set according to the spectral envelope specified by
Shepard (1964). The base frequencyof the first tone in the sequence
was 6.8 Hz.

The waveforms of the tones were computed prior to the exper­
iment, and a cycleof each successive tone was stored as a sequence
of digital values on disk. These digital values specified displace­
ment as a function of subsequent presentation time at a rate of
14,200 samples/sec via a digital-to-analog converter. Sampling
noise was eliminated by means of a fifth-order Butterworth
filter, with a 3-dB cutoff at 4.4 kHz and a slope of 30 dB/octave.
A circuit that produced a 2Q-msec exponential rise and fall of the
presented tones ensured click-freeswitching.

The toneswere presented to both ears through AKG-K60 moving­
coil earphones, the loudness of the tones being set at a comfort­
able level for the listener. A total of 24 undergraduate students
were tested individually in a quiet cubicle. The response panel
consisted of a horizontal line of push buttons, numbered in order
from left to right, with a feedback light besideeach button.

One group of 13 observers judged a sequenceof six tones spaced
evenly around the pitch circle by equal logarithmic steps in fre­
quency. Each person took part for two sessions run on con­
secutive days. A session consisted of two blocks separated by a
rest period of not less than 5 min. The order of the 90 trials within
each block was determined by random selection without replace­
ment from a set consisting of 15of each of the 6 tones.

Two labeling conditions were employed, the numbers 1 to 6
being assigned to the tones in order of pitch. For six of the ob­
servers, numbering of the tones started from the first tone in the
sequence on the first session but from the fourth tone in the se­
quence on the second session. The remainder of the observers
were presented with the two labeling conditions in the reverse
order. They were not informed that the labeling of the tones
had been changed on the second session.

The six-tone series was consistent with the tuning of Western
musical scales of equal temperament and, in fact, constituted
a whole-tone scale. An additional group of 11 observers judged
a sequence of eight circular pitch stimuli not consistent with
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RESULTS AND DISCUSSION

the fourth tone in the sequence on the second session,
a day later (open circles). Figure IB shows ordinal
position effects for the second group of observers,
who received the labeling conditions in the reverse
order, for the first session (filled circles) and the
second session (open circles). Performance did im­
prove from the first session to the next, but there
is no evidence that ordinal position effects developed
with practice.

A three-factor repeated measures ANOVA re­
vealed that none of the main sources of variance
(ordinal position, labeling condition, and order in
which the labeling conditions were given) was reliable.
There were two reliable interaction effects. The first,
the interaction between labeling condition and ordinal
position, indicates a slight but reliable effect due,
presumably, to an unevenness in quality of the tones
[F(5,120) = 2.76, p < .05]. The second, the inter­
action between labeling condition and the order in
which it was presented, corresponds to the effect
of practice on overall performance [F(I,I20) = 31.26,
p < .05].

Similar results were obtained when the number of
alternatives was increased to eight tones. Figures lC
and ID show performance under the two labeling
conditions and across the two sessions. Again, no
end effect occurred, and the only reliable effect was
that corresponding to the improvement in the overall
level of performance from the first to the second
sessions [F(1,135) = 24.46, p < .01).

The results for both the six- and the eight-tone
series indicate, therefore, that no end anchoring to
the extremes of the response continuum occurs when
people make absolute judgments of circular pitch
stimuli. It should be noted that the manner in which
the tone series was initially presented, as well as
the linear layout of the response panel, favored an­
choring to those tones associated with the ends of the
response continuum. Nevertheless, although a num­
ber of the observers reported that at the outset of the
experiment they regarded Tone 1 as the "tonic" of
the set, they no longer thought of this tone as in any
way special once the "circular" nature of the series
had been experienced.

Short-Term Anchoring Strategies
Analysis of sequential effects indicated the existence

of strong short-term anchoring strategies in this task.
Figures 2A and 2B represent performance as a func­
tion of "retention interval" (i.e., the number of items
intervening since the previous occurrence of the pre­
sented stimulus). The measure of performance makes
allowance for the influence of preceding stimuli on
subsequent response tendencies; the accuracy asso­
ciated with each retention interval is expressed as.the
ratio of the number of times each stimulus was cor­
rectly identified to the number of times the corre­
sponding response had been used (both correctly and
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Western musical scales but, again, spaced by equal logarithmic
steps. Two labeling conditions were again employed, five of the
listeners being given the condition in which numbering began
from the first tone of the generated sequence on the first session.
Each of the tones occurred 12 times within each block. In other
respects, the procedure was identical to that used for the six­
tone set."

Before each block of judgments, the full set of tones was
presented twice, in order of labeling, with a pause of 4 sec between
each presentation. Each of the tones lasted for 300 msec, an? the
interstimulus interval was 1 sec. After a delay of 2 sec, the Iden­
tification task began. Stimulus presentation lasted for 300 msec,
and the listener could record a response only after the tone had
ended. Feedback was given immediately by means of a light
beside the correct push button, and then, 2 sec later, the next
tone was presented for identification. The task was thus self­
paced but with a minimum interstimulus interval of 2 sec.

The observers were told that the tones were equally probable
and were presented in a random order, and they were also in­
formed of the unusual (i.e., circular) nature of the pitch series.

Ordinal Position Effects
Identification of the six-tone set will be considered

first. Figure 1 represents performance as a function
of the position of the tone along the response con­
tinuum. The measure of performance is that used by
Eriksen and Hake (1957), the percentage of responses
correctly assigned. No end effect is apparent, accuracy
being no higher for the tones labeled 1 and 6 than
for the intermediate tones. Figure lA shows the
effect of ordinal position for the first group when
numbering began from the first tone in the generated
sequence on the first session (filled circles) and from

Figure 1. IdentificatioD performance as a fUDctioD of toae label,
both for the six-toDe set, A and B, and for tbe eight-toDe set,
C and D. TIle upper fIpres show the resultsfor the observers for
whom Dumberiq bepn from the first tone iDthe sequeDce OD tbe
first seaion (filled drdes) and from the fonrtll tone in the sequeDce
OD the second _ioD (OpeD circles). The lower figures show tbe
results of the other observers, who received the labellDgcODditions
iD the reverse order, for tbe first sessioD «("dIed circles) aDd tbe
secoDdsessioD(opeD circles). The measure of performaDce is tbe
perceDtageof responses correctly assigDed.
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Figure 2. Retention Interval effects In the six-tone condition (A)
and In the eight-tone condition (8). Identification accuracy as a
function of extrapolation Interval In the six-tone condition (C)
and In the eight-tone condition (D). The filled circles represent
performance on the first session, and the open circles represent
performance on the second session. The measure Is the percentage
of responses correctly assigned.

incorrectly) after the same number of intervening
items. Figure 2A represents the averaged results of
the individuals in the six-stimulus condition, and
Figure 2B represents the results for the eight-stimulus
condition; retention interval curves for both the first
session (filled circles) and for the second session
(open circles) are given. Identification was very
accurate when the presented tone had also occurred
on the immediately preceding trial, but retention
appears to have been equally poor for all other
retention intervals, and the pattern of these retention
interval effects was relatively stable over the two
sessions.

The reports of the observers concerning their per­
formance suggested that they had used the remem­
bered value of the immediately preceding stimulus
not only on repetition trials (by the matching process
proposed by Siegel, 1972), but also on nonrepetition
trials by means of extrapolation; they had tried to
estimate the number of category steps between the
presented tone and the one presented just before.
The existence of such an extrapolation strategy was
confirmed by an analysis of identification accuracy
as a function of the difference in category steps be­
tween the presented and immediately preceding stim­
ulus (Figures 2C and 2D). (Again, the measure of
performance is the percentage of responses correctly
assigned.) The results for both the first session
(filled circles) and for the second session (open cir­
cles) show that identification accuracy was high when
the immediately preceding tone was close in value to
the presented tone and decreased as a function of
the extrapolation interval.

The Subjective-Standard Hypothesis
The implication of Eriksen and Hake's subjective­

standard hypothesis is that the choice of the ends of

a bipolar stimulus continuum as a reference for
judgment is optional; when end stimuli are not avail­
able, the prediction is that those stimuli associated
with the ends of the response continuum will serve
as anchors for judgment. The present experiment
indicates that such response anchoring does not
occur in judgments of circular pitch. Furthermore,
the results suggest that the observers relied heavily
on short-term anchoring for their judgments.

Nevertheless, there can be little doubt that longer
term memory strategies can occur in absolute judg­
ment performance. In a study of loudness judgments
by Ward and Lockhead (1970), the entire stimulus
set was shifted up or down in level from day to day;
although the observers were not informed of the
shifts in loudness, constant errors occurred in the
direction of the previous scale values. Clearly, a
relativelystable impression of the stimulus range was
retained from one day to the next. Further evidence
of long-term anchoring comes from Cuddy's research
on the training of pitch judgments (Cuddy, 1968,
1970; Cuddy, Pinn, & Simons, 1973). Initially, the
middle tone in the set was presented much more fre­
quently than the other alternatives, but, as training
progressed, its frequency of presentation was grad­
ually decreased until all of the stimuli were equally
probable; even when the tones were presented equally
often, identification of the middle and neighboring
tones was improved.

In conclusion, long-term anchoring can occur in
absolute judgments and may even account (in part
at least) for the end effect in judgments of bipolar
sensory continua. What the results of the present
experiment do indicate, however, is that the choice
of subjective standards is not as "subjective" as
Eriksen and Hake's hypothesis seems to imply. Long­
term anchoring occurs only to a stimulus that is
intrinsically distinctive in some way, such as an end
stimulus, perhaps, or a more frequently presented
item.
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