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The question examined was whether a naturalistic sound is remembered chiefly
in terms of the “object interpretation’” S assigns to it (e.g., sonar pings,
crickets chirping). If so, and if the sound is reinterpreted in a different way
during testing, then S should not remember having heard it in an carlier sct.
Subjects listened to a set of ambiguous sounds and received a later recognition
memory test with old and new stimuli. Some Ss labeled the sounds themsclves
whereas others had the sounds labeled for them during study and testing.
Recognition memory was much higher for old sounds given their old labels
during testing than for those receiving new (though plausible) labels, with
equal effects for S-labeled and E-labeled stimuli. Moreover, false alarms to
new sounds were partly determined by their eliciting the labels of old stimuli.
It is concluded that recognition memory largely reflects the similarity of the

referential interpretations that .S provides for the study and test sounds,

This study investigates the influence on
recognition memory of the perceptual or-
ganization of the learning material both
at the time it is studied and when it is
tested. Most of the earlier work on this
topic has used visual stimuli (e.g., Leeper,
1970) or verbal materials (e.g., Light &
Carter-Sobell, 1970). The present work
extends these investigations to ‘‘natural-
istic sounds,” a relatively unexplored stim-
ulus domain for psychologists.

It is assumed that when S hears a
naturalistic sound (e.g., a carpet sweeper,
crickets chirping), he tries to interpret the
referent of that sound, perhaps by com-
paring it with a set of prototypes in
memory. When the test is sufficiently
close to a prototype sound, we will say
that S assimilates the input to that pro-
totype. In a recognition memory experi-
ment in which § hears many different
naturalistic sounds to remember, it is as-
sumed that he establishes an association
between each ‘“sound-as-interpreted’” (the
referent) and a context marker. This as-
sociation essentially encodes the proposi-
tion, “In the study list I heard a sound
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like that made by an X' (see Anderson
& Bower, 1972). If this association is
formed and if the later presentation of
the same sound in a test list is also re-
interpreted as “an X,” then .S will re-
member that he heard this sound in the
study list. In this theory, then, recogni-
tion memory requires that the sound be
encoded or interpreted in essentially the
same way during studying and testing.
Unambiguous stimuli are of little value
for testing this hypothesis, since they are
reliably identified in an invariant way.
More interesting possibilities are provided
either by ambiguous stimuli, which can be
interpreted in several ways, or by vague
patterns, which are hard to organize
(which require much searching to find
any interpretation, possibly with many

failures). In the visual domain, examples
of ambiguous pictures are the ‘‘wife vs.
mother-in-law’’ picture or the “duck-

rabbit" picture, whereas vague, hard-to-
organize patterns are exemplified by the
Mooney pictures with deleted contours
(Mooney, 1957) or incomplete object fig-
ures (Leeper, 1935). Ambiguous stimuli
are useful for testing the recognition hy-
pothesis insofar as contextual factors can
influence how they are organized and
interpreted (Leeper, 1935; Light & Carter-
Sobell, 1970). Hard-to-organize figures
are similarly useful insofar as an S either
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succeeds or fails in seeing the complete
figure, and his later recognition memory
will be poor if he fails to see something
or if during testing he sees something he
failed to see before (Wiseman & Neisser,
1971). In order to manipulate stimulus
encoding, the following experiment on
sound recognition used as critical stimuli
sounds that were prerated by listeners as
ambiguous, with several plausible but dif-
ferent interpretations.

The question of interest is how recog-
nition memory depends on the similarity
of encoding of the sound during study and
testing. We have the option of either
letting .S determine how to interpret an
ambiguous sound, or having E suggest a
particular interpretation as .S listens to
the sound. Since the encoding configura-
tions of interest may occur in either case,
both conditions were run in this experi-
ment. For one group E supplied inter-
pretations for each sound S heard during
study ; the studied sounds were then divided
into equal subgroups, and were later tested
by being played along with the same
label, a different (but equally plausible)
label, or no label (S was asked to either
remember E's earlier label or to supply
his own for the sound). For the second
group, while E labeled a few of the study
sounds, S tried to interpret and label the
majority of them; at the time of testing,
these Ss tried to label each sound and to
judge whether that exact sound had oc-
curred in the study list. In either case,
recognition memory for the sound should
be poorer either if S achieves no inter-
pretation of it (at input or at test) or if
the interpretation he achieves during test-
ing differs substantially from that achieved
during study.

MEeTHOD

Design. Each S listened to a study tape of
sounds (stimuli), then returned a week later for
a recognition memory test with a second tape
composed of half old and half new stimuli. The
design of the experiment is shown in Table 1,
which depicts the composition of the study and
test lists for the 2 groups. The study list of 80
sounds was comprised of 60 critical sounds pre-
selected for their ambiguity, and 20 easily iden-
tified “fillers” included to increase task difficulty
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TABLE 1

ScHEMATIC COMPOSITION OF STUDY AND TEST
Lists For Groups EL. aND SL

Study list Test list
Group EL
60 El. 20 old + same ElL
20 old 4 SL.
20 old 4 different EL
+20 EL tfillers 40 new + EL
20 new + SL
Group SL
40 SL 60 old + SL.
20 EL
420 fillers 60 new - Sl.

(10 SL, 10 EL)

Note. The terms EL and SL denote E-labeled and S-labeled
stimuli, respectively.

but which were not tested later. For Group EL
(E labeled), during the study trial each sound was
preceded by an appropriate E label. The 60 criti-
cal stimuli were then divided into 3 sublists of 20,
to be presented randomized on the test list either
with the same label, a different (though also ap-
propriate) label, or no label. These 60 old sounds
were mixed in with 60 new test sounds, 40 of which
were labeled by E while 20 were not. Whenever
E did not supply a label, S was asked either to
recall or to think up a label for the sound (denoted
S labeled or SI. henceforth). For the second con-
dition, Group SIL., S labeling of the sounds was
emphasized; § of the study-list stimuli and all
of the test-list stimuli were to be labeled by S.
For each test stimulus, S was first to decide how
to label it, and then decide whether or not he had
heard that sound in the study list. He judged old
or new, and also rated the confidence of his judgment
on a 3-point scale.

Muterials. The study list contained 80 sounds
(60 critical ones, 20 fillers), and the test list con-
tained the 60 old critical sounds mixed with 60
new sounds. The 140 sounds were selected from
several albums of “sound effects” records produced
commercially by Jac Holzman and Audio Fidelity,
Inc. We recorded the first 12 4 sec. of each
sound strip on a tape recorder for the actual pres-
entation. The 60 critical stimuli were preselected
by a panel of 3 listeners to be ambiguous; that is,
these were sounds for which at least 2 different
interpretations were plausible and were commonly
supplied (one of these was invariably the label
for the sound supplied on the record jacket).
Three example pairs were sonar pings vs. jungle
insects, heartbeat vs. bouncing rubber ball, and
soldiers clumping down stairs vs. horses trotting
through the streets.
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TABLE 2

REeLATIVE OLDNESS RATINGS (R;) BY GrRouP EL
FOR OLD AND NEW TEsT SounDps DEPENDING
UPON THEIR LABELING BY E
DURING THE TEST

Stimulus Label Ri score Corrected
Old Same L .80 .67
No L .59 .29
Different L 47 .19
New L .34 —
No L. 43 —

Note. The corrected score is the difference in scores for old
minus new stimuli divided by 1 minus the score for new stimuli
(EL = E labeled; L. = label.)

For Group EL, only one study list was con-
structed, using 1 of the 2 labels selected randomly.
Three different test lists were then composed,
each used with 4 Ss of Group EL; the test lists
differed according to which critical stimuli re-
tained the same label as during study, were changed
to a different label, or were tested with no label,
Across Ss in Group EL, each critical sound was
tested equally often in the 3 conditions of same label,
different label, or no label.

For Group SL, 3 study lists- were constructed
differing according to which subset of 20 critical
sounds were labeled by E. Five Ss learned each
study list. For Group SL there was only one test
list since neither old nor new stimuli were labeled.
As an incidental task during the study trial, Ss
in Group SL also rated the “fittingness’’ or “appro-
priateness’ of the label given (by E or S) to each
sound. This rating was on a S-point scale from very
poor to very good fit between label and sound.

Procedure. The Ss listened to the tape-recorded
sounds in small groups of 2-6. Each sound stretch
was 12 = 4 sec.,, with a 5-sec. pause between' the
sounds. If E supplied a label (1-5-word phrase),
it was given in the interval preceding the sound.
The rate of stimulus presentations was the same
during testing as studying. In case no E label
was given for Group EL, E said “Your guess!"
just before the sound came on, indicating that S
was to write down on a numbered answer sheet
his interpretation of the sound. Since Ss in Group
SL were to label all sounds on their test list, they
were not told “Your guess' before each test sound,
but simply wrote their interpretations. The re-
tention test sheet contained 120 blanks (for labels,
if needed) alongside the 6-point recognition rating
scale ranging from 1 = sure old though 6 = sure
new. It was carefully explained to Ss that they
should make their recognition memory judgments
with respect to the sounds per se, since some of
the labels would be changed. No fittingness judg-
ments were required during recognition testing.

Subjects.  The Ss were 27 Stanford under-
graduates; 18 were paid $3.00 for their participa-

tion whereas 9 were fulfilling a service requirement

for their introductory psychology course. There
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were 12 Ss in Group EL and 15 in Group SL,
with approximately equal numbers of males and
females in the 2 groups.

Scoring protocols. Several measures were derived
from the recognition protocols. One measure for
SL test stimuli is the proportion of cases when
S recalled during testing the same label as the one
given to that sound (by E or S) during the study
trial. A lenient criterion of synonymity was used
for classifying 2 labels as substantially the same
in meaning. The recognition responses were con-
sidered first as dichotomous observations, yielding
proportion of old judgments for each class of
stimuli. A second measure used the 6-point con-
fidence rating, rescaling the mean score so that it
is interpretable as S's average rating of the likeli-
hood that test items of a given class are old. 1f
C; is the average confidence rating for items of
Type 4 (where 1 = sure old), then the relative old-
ness rating, R;, was defined as (6 — C;)/(6 — 1).
This Ry index varies from 0 to 1 as the average
judgment ranges from sure new to sure old, The R;
index can be viewed as an estimate of a probability
(see Green & Swets, 1966) and corrected for false
alarms.

REesuLts

Condition EL. The exposition is sim-
plified if the results from the 2 groups
are discussed separately. The main results
for Group EL are shown in Table 2 which
gives the average relative oldness ratings
for old and new test stimuli depending on
the labeling of the sound during testing.
For old stimuli, recognition is best when
they are heard in the context of the same
E-supplied label and poorest when E's
test label differs from that supplied during
the study trial. An overall analysis of
variance on the transformed (arc sine)
relative oldness scores for the 3 classes of
old stimuli yielded a significant effect,
F (2, 22) = 32,8, p < .001. Newman-
Keuls comparisons (for correlated mea-
sures) revealed that all differences among
the R; measures to old stimuli for the
3 conditions were significant (p < .01).
Essentially similar results and significance
levels were obtained with dichotomous
scoring of old vs. wmew recognition re-
sponses. The corrected relative oldness
scores in the final column of Table 2 are
(R, — Ry)/(1 — R,), where R, and- R,
are the mean relative oldness ratings of
items in particular old and new conditions
(with or without labels). This is like the
standard ‘‘correction for false alarm rates”
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in high-threshold detection theory (see
Green & Swets, 1966). Note that R,
differs depending on the presence or ab-
sence of a label for the mew stimulus.
(This difference in R, falls short of statis-
tical significance.) Another analysis of
variance on the corrected oldness ratings
for the 3 classes of old stimuli produced
outcomes similar to those of the former
analyses with uncorrected scores.

Each S in Group EL received 20 un-
labeled test stimuli and was asked to
supply (or remember) a label for each.
We may categorize S's label as being
either substantially the same as or dif-
ferent from the label E originally gave for
that sound during the study trial. Only
309, of the test stimulus labels were
categorized as the same as their mate
given by E during the study trial (were
“remembered’’). However, this sameness
of encoding strongly influenced recognition
memory for SL sounds. Old sounds which
S labeled the same as during training were
rated as old 849, of the time, whereas
sounds for which S provided a substan-
tially different label during testing were
rated as old only 459, of the time. These
proportions differ reliably, X2 (1) = 8.41,
p < .01,

When we say that .S gave a test stimulus
a label different from that supplied for it
by E during the study trial, we do not
exclude the possibility that .S labeled the
test sound by a label which £ had given
to some other old sound during training.
If S’s interpretations are a major deter-
minant of his recognition memory deci-
sions, then we may expect any sound to
which S assigns an old label to be called
old with a high probability, regardless of
the history of the test stimulus. The
clearest demonstration of this control by
reactivation of a prior label is provided
by the S-labeled new stimuli. We ex-
amined the 240 cases of labels supplied
by EL Ss to their new unlabeled test
stimuli. In 46 cases Ss gave to a new
stimulus an old E label from the study
list; of these cases, 33, or 729, were
judged to be old sounds. This false alarm
rate contrasts with that for the remaining
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TABLE 3

ReLATIVE OLDNESS RATINGS (R;) FOR CATEGORIES
oF TEsT STIMULI (Group SL), AND PERCENTAGE
oF RESPONSES OF VARIOUS CATEGORIES

Slabel cf)fei?ceer%tag;e Riscore | Corrected
Old:EL
Same 35 74 57
Different 65 .53 .23
Old SL
Same 41 .84 74
Different 50- . .54 .25
Not labeled on study 9 46 A1
New
—_ — .39 —

Note. On the study trial, Old:EL items were labeled by E;
Old :SL items were left for § to label, Either the same or a dif-
ferent label was generated by .S on the test trial. Data are tabu-
lat%d separately for sounds which .§ was unable to label during
study.

new stimuli which received new labels;
these were called old only 279, of the time.
Clearly, then, S’s sound recognition is
being partly mediated through his inter-
pretation of the sound, and this correlation
is as strong for false alarms to new stimuli
as for correct recognitions to old stimuli.

Condition SL. The results for Group SL
are summarized in Table 3. Test items
have been categorized according to whether
they are old or new, and old stimuli are
further divided according to whether they
were E labeled or S labeled during study
and whether the S label during testing
was the same as or different from the
study label. The average relative oldness
rating is reported for each item category;
these ratings corrected for performance to
the mew stimuli, (R, — Ryn)/(1 — Ry), are
shown in the right-hand column.

As in Group EL, the probability that
S labeled an old test sound with the same
label it received during study was just
slightly over %. There was no reliable
difference in label memory for the E-la-
beled and S-labeled stimuli (i.e., 359, vs.
419,). However, in each case, there was
a strong influence of the identity of the



364

study and test labels on recognition mem-
ory: Test sounds receiving the same label
were recognized at a higher level than test
sounds receiving a different label. A 2 X 2
analysis of variance for repeated measures
was carried out on the ratings for the 4
conditions defined by the factorial combi-
nation of E vs. .S labeling and same vs.
different labeling during testing. Same-
labeled stimuli were rated reliably higher
than differently labeled stimuli, ¥ (1, 14)
= 125, p < .001. When S recalled the
same label, he was somewhat more likely
to recognize the sound as old if he rather
than £ had labeled the sound during
study; however, this difference was not
statistically reliable. Performance was
poorest on that small set of items that S
attempted but failed to label on the study
trial; these are stimuli for which S could
find no interpretation, and they are not
reliably discriminated during testing from
new stimuli (i.e., Ri scores of .46 vs. .39).
Comparing performance across Groups EL
and SL (Tables 2 and 3), the overall levels
and patterns are rather similar. What
seems important for recognition is not
whether S or E labeled the stimuli during
study but whether .S reinterprets the sound
during testing the same way it had Deen
labeled during study.

Recall that Ss in Group SL rated each
of -their own (or E’s) labels for each
study sound on a 5-point fittingness scale.
We examined the correlation between
judged label fittingness and subsequent
recognition by tabulating all judgments of
old test stimuli in a 5 (Fittingness Ratings)
X 6 (Later Recognition Ratings) contin-
gency matrix. The contingency correla-
tion was an insignificant —.05. This low
correlation may only reflect a compressed
range of “‘true” fittingness judgments, since
all of E's labels and most of S’s presumably
were chosen so that the labels were fitting
and plausible interpretations of the sounds.
An independent experiment would be re-
quired to vary this fittingness attribute
over a larger and possibly more potent
range (see the influence of label associa-
tivity on shape recognition, Ellis, 1973).

One may ask why old but differently
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labeled sounds were recognized as old
more often than mew unlabeled stimuli
(see Tables 2 and 3). A first possibility,
especially likely for Ss in Group EL, is
that an old test sound (or one or more of
its_distinctive features) is remembered per
se and that it elicits the label £ had asso-
ciated with it during the study trial. In
this case, .S would recognize the sound as
old despite the changed E label during
testing—in fact, S may notice the ambi-
guity of the sound or even reject the
changed E label as implausible. A second
possible explanation stems from the fact
that the ofd stimuli were preselected so
that they would be ambiguous, whereas
the mew stimulus lures were picked from
the remaining pool of relatively unambig-
uous sounds. Thus, the new stimuli were
probably somewhat more likely to elicit
a confident label, and because that label
was new, the sound was likely to be
identified as mew with high confidence.
Therefore, this stimulus materials factor
could account for part of the difference in
recognition between old differently labeled
and new unlabeled stimuli.

A third possibility is that S uses a dif-
ferent criterion than does E for deciding
what are same vs. different labels (inter-
pretations) for the same sound. To illus-
trate, suppose that during the study trial .S
(or E) labeled a particular sound ‘‘car,”
whereas he labeled the corresponding test
sound “engine’’ or ‘“‘motor” or ‘‘vehicle”
or “bus” or “trolley” or “motor-driven
pump,”’ and so on. Which of these label
pairs are the same and which are dif-
ferent? The question is central to our
enterprise but is rather difficult to answer.
Obviously, the same-different dichotomy
results from just one (vague) cut point on
an underlying continuum of ‘‘referential
similarity” of the 2 labels for S. In
scoring S’s labels in Group SL, we were
lenient in accepting semantically similar
labels as same (less than 59, of the label
pairs seemed questionable). In selecting
the critical sounds and label pairs for
Group EL, we chose only those for which
the primary referents of the labels seemed
intuitively far apart. Nevertheless, to
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check on the plausibility of this label
similarity factor, we reexamined our label
pairs and selected 20 pairs (of the 60 EL
sounds) for which the pair of labels seemed
more similar referentially than was the
case for the remaining 40 pairs. We shall
refer to these as the ‘close” and the
“distant’’ different sets of label pairs. We
then examined recognition ratings for
Group EL for these 2 sets of sounds,
when no label was given at testing com-
pared with when the different label was
given. The results were that for the set
of 20 close labels, probability of correctly
responding old to unlabeled tests was .69
whereas to differently labeled tests it
was .56. These do not differ reliably.
On the other hand, for the set of distant
labels, the corresponding probability for
unlabeled tests was .37 vs. .39 for dif-
ferently labeled tests. . These latter per-
centages do differ reliably, x2 (1) = 9.37,
p < .01. Thus, even in terms of this
relatively crude classification of different
labels for the same sound as close or
distant from one another in meaning, one
finds a greater loss in recognition (with
respect to the corresponding control items)
for test items whose label is referentially
more distant from the label studied.

DiscussioN

The present experiment fits into a long
tradition of research on the influence of verbal
encoding upon memory for nonverbal mate-
rials. Most of that research has used visual
shapes (see Ellis, 1973, for a recent review).
Naturalistic sounds would appear to provide
a rich domain of stimulus materials for use
in psychological experiments. Our data
showed that while the label or ‘“interpreta-
tion" of the test sound was very influential
in S's recognition decision, it did not totally
dominate that judgment. There was still a
residual effect due to the test sound being
old or new, irrespective of how it was labeled.
It would thus appear that S’s memory trace
is a composite system comprised of some
crude physical description of the sound (e.g.,
a salient feature) associated with a meaningful
label, this entire complex associated with a
list marker of the form, “I heard this X in
the study list.”” The recognition rating given
to a test sound is presumably higher the
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greater the degree to which its internal rep-
resentation or encoding overlaps with the
composite memory trace of its corresponding
target from the study list. The present
results suggest that the label (or ‘referential
situation’’) carries relatively greater weight
than do the sensory parameters in deter-
mining the recognition ratings. This weight-
ing seems introspectively correct: We typically
remember a nonmusical sound sequence by
recalling a scenario of visual images of the
objects making those sounds. If one alters
the referential imagery evoked, one corre-
spondingly alters the identification of the
sound. .

An elementaristic analysis of recognition
memory would suppose that recognition ratings
depend systematically upon the degree of
change in some sensory parameters of the
sound pattern (e.g., loudness would probably
be an inconsequential variable) and the
change in the referential meaning of the label
given to the sound. An E label not only
serves to interpret the sound but also would
be expected to focus attention upon- different
distinctive (acoustic) features of the sound
train. Thus, even the basic ‘“sensory de-
scription' of the sound would vary depending
on the label.

However, one should not overemphasize
this referential biasing of sensory descriptions.
After all, during a lifetime we obviously learn
reasonably accurate sensory (acoustic) de-
scriptions of the common sounds things make,
since it is with these acoustic descriptions
that we classify a sound as a new exemplar
of a category (e.g., a barking dog, a car
backfiring). However, once these categories
are established, later descriptions of sounds
(e.g., as in our recognition memory studies)
become assimilated to the categories, and the
category prototype seems to replace the unique
set of sensory parameters characterizing each
exemplar. These categorical judgments, in
turn, seem to exert a potent influence over
recognition memory of the sort studied here,
This categorical determination of recognition
memory has an analogue in the visual mo-
dality with ambiguous figures: If S is biased
to interpret the duck-rabbit figure as a duck,
he cannot later retrieve from memory the
picture’s exact appearance to recategorize it
as a rabbit. :

There still remain many puzzles concerning
the interplay between sensory situations,
referential labels, and recognition memory.
First, it is well known that the same stimulus
event can be described with degrees of detail
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varying all the way from the specification
“the Vienna Boy's Choir singing Handel's
Messiah” through “a choir singing music”
to “human voices” or even ‘“‘sounds’” as the
most general category. We may suppose
that a person identifies (or describes) an
event with the degree of specificity most
frequent for his repertoire of discriminative
skills (e.g., compare a concertmaster's with
an aborigine's identification of a piece of
symphonic music). Accordingly, an S’s inter-
pretation is not likely to be influenced by
providing him during study with a label
which identifies a more general and less dis-
criminating category than he can already
provide on his own. Similarly, during testing
with E-labeled stimuli, the more general and
abstract the E label, the less likely it would
be to selectively retrieve a more highly speci-
fied memory trace of the appropriate study
stimulus. The important issue in recognition
memory experiments is whether the test label
permits retrieval of traces of a prior inter-
pretation of the stimulus pattern as well as
providing for differentiation of an old from
a new set of items. For example, a test EL
such as “This is a mechanical sound” is too
nonspecific to be helpful when the interpreta-
tion S must achieve is “‘carpet sweeper’’ and
what he must reject is “Waring Blendor.”
Research on this important role of label
specificity on recognition memory is yel to
be done.

A second, independent issue awaiting re-
search is whether recognition memory for a
particular sound is influenced by the organized
setting in which it occurs. For example,
a Gestalt psychologist would be concerned
with the “laws' determining how the sound
S; becomes ‘‘unrecognizable as S»” when it
is embedded in the context of other sounds
as So8,S:2S:S4; the context may bring out
“emergent properties,” either altering the
meaningful interpretation of S, or altering its
distinctiveness so that .S may no longer be
able to segregate Sy out of the pattern as a
unit to be recognized.

GORDON H. BOWER AND KEITH HOLYOAK

This discussion illustrates the research po-
tentialities awaiting exploration with natural-
istic sounds. Our preliminary findings estab-
lished strong communalities with visual form
perception : Recognition memory for nonverbal
stimuli is enhanced if a label suggests the
same perceptual interpretation for it at the
time of its study and test, whereas recogni-
tion is seriously impaired if a perceptual
interpretation is not achieved, or is completely
altered to a different referent or meaning.
Although there appears to be some memory
for naturalistic sounds per se, that effect is
small relative to the determination by the
perceptual interpretation of the stimuli.
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