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Exposure effects on
music preference and recognition
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In three experiments, the effects of exposure to melodies on their subsequent liking and recognition
were explored. In each experiment, the subjects first listened to a set of familiar and unfamiliar
melodies in a study phase. In the subsequent test phase, the melodies were repeated, along with a set
of distractors matched in familiarity. Half the subjects were required to rate their liking of each melody,
and half had to identify the melodies they had heard earlier in the study phase. Repetition of the stud
ied melodies was found to increase liking of the unfamiliar melodies in the affect task and to be best
for detection of familiar melodies in the recognition task (Experiments 1, 2, and 3). These memory ef
fects were found to fade at different time delays between study and test in the affect and recognition
tasks, with the latter leading to the most persistent effects (Experiment 2). Both study-to-test changes
in melody timbre and manipulation of study tasks had a marked impact on recognition and little influ
ence on liking judgments (Experiment 3). Thus, all manipulated variables were found to dissociate the
memory effects in the two tasks. The results are consistent with the view that memory effects in the
affect and recognition tasks pertain to the implicit and explicit forms of memory, respectively. Part of
the results are, however, at variance with the literature on implicit and explicit memory in the auditory
domain. Attribution of these differences to the use of musical material is discussed.

As music listeners, we are conservative: We like the
music that we already know. This knowledge does not need
to be extensive. Often, a single prior exposure with a par
ticular musical selection will induce a positive reaction to
ward it. This phenomenon has been known for a long time
by social psychologists (see Meyer, 1903, for the pioneer
ing study). It may also account for the effectiveness of
advertising jingles, as it may explain the appeal of some
highly repetitive music. However, the mechanisms that un
derlie this memory-biased attitude toward music remain
largely unknown. The goal of the present set of studies
was to explore one possible theoretical framework for the
mere exposure effect on liking judgments by relating it to
the current conceptualization of implicit memory.
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The Mere Exposure Effect for Music
Most people have experienced a mere exposure effect

at one time or another. Some may even report how they
came to like a given musical genre that they had disliked
initially. Often, this occurs through passive exposure to
samples ofa novel musical genre by an enthusiast impos
ing this new music on them. This positive effect of prior
exposure on music liking-which we will refer to as the
mereexposure effect-is not limited to private experience.
It can also be demonstrated in a laboratory setting.

The first to document this phenomenon was Meyer
(1903), who presented to subjects a dozen repetitions of
a piece ofOriental-like music (containing quarter-tone in
tervals instead of the semitone intervals to which Western
listeners are accustomed) that he had composed. After
the last repetition, most subjects declared "that the aes
thetic effect is improved by hearing the music repeatedly"
(p. 474). This frequency-affect relation has been con
firmed in many subsequent studies (Gilliland & Moore,
1924; Heingartner & Hall, 1974; Johnson, Kim, & Risse,
1985; Krugman, 1943; Lieberman & Walters, 1968;
Moore, 1914; Mull, 1957; Verveer, Barry, & Bousfield,
1933; Washburn, Child, & Abel, 1927; Wilson, 1979; but
see Brickman, Redfield, Harrison, & Crandall, 1972, and
Heyduk, 1975, for negative results) for a large variety of
music. Mere exposure effects on affect judgments have
been obtained with classical music (both tonal and atonal:
see, e.g., Gilliland & Moore, 1924; Mull, 1957),jazz (see,
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e.g., Verveer et aI., 1933), Korean (Johnson et aI., 1985),
and Pakistani (Heingartner & Hall, 1974) music, as well
as random tone sequences (Wilson, 1979). It is worth
noting that all these studies used very few excerpts (on
average, 4.6, ranging from 1 to 9 stimuli). The fact that
a large majority of these studies nevertheless obtained
evidence for a frequency-affect relation suggests that the
mere exposure effect is a pervasive phenomenon in music.

Despite its robustness, there has not been much study
on the effect of repetition on liking in recent years. Thus,
little is known about the conditions and parameters that
enhance or reduce the exposure-affect relation. Of most
relevance to the present study is the observation that the
connection between stimulus repetition and likability
was typically disclosed to the subjects in these past stud
ies (with the notable exception of Johnson et al.'s (1985)
study, to which we will return shortly). That is, the sub
jects were aware that frequency of exposure was the ex
perimental variable at study. Awareness of such a relation
may influence performance in unpredictable directions.
Some subjects may view repetition as tiresome, whereas
others may view it as instructive, consequently engaging
in cognitive activities that can be quite remote from the
mere effects of repetition. However, the observation ofa
rather systematic positive bias in preference suggests
that cognitive evaluation of the task does not play an im
portant role.

This has been more recently confirmed by Johnson
et al. (1985), who showed that prior exposure can posi
tively bias affect for music, with little or no conscious
awareness. In that study, both neurologically intact sub
jects and Korsakoff amnesic patients were presented
with Korean musical excerpts that were repeated a vari
able number of times (1,5, or 10 times) in a study phase.
The subjects were required to judge whether the stimuli
sounded Chinese or American; they were not informed
about the connection between this study phase and the
following tests of affect and recognition judgments (per
formed in that order a few days apart). In the affect test,
the subjects were presented with the studied melodies
mixed with unstudied ones and were required to rate
their liking ofeach stimulus on 5-point scale (1 meaning
dislike most, and 5 meaning like most). Both amnesic and
neurologically intact subjects exhibited a robust effect of
repetition on liking judgments-that is, they rated the
studied melodies higher than the non studied ones. This
preference emerged after a single prior presentation and
did not reliably increase with repetition number. In the
recognition test, the same subjects were required to judge
which melody out of each pair (formed by one studied
and one nonstudied melody) sounded familiar and to rate
their level of confidence in their decision on a 3-point
scale. On recognition judgments, amnesic patients were
(by definition) impaired, as compared with normal con
trols; thus, they demonstrated memory-biased perfor
mance in liking with little recognition. On the other hand,
for normal subjects, an increased number of repetitions
improved recognition, while having little impact on af-

feet judgments, thereby further strengthening the disso
ciation between the memory mechanisms that govern
liking judgments and those that subserve recognition.

Such dissociation between affect and recognition is
not specific to music. It has been recurrently observed
notably, in the visual domain-that stimuli that cannot be
recognized can still be distinguished on the basis of af
fective ratings (see Bornstein, 1989, for a review). Zajonc
(1968), who reviewed much ofthe early evidence and who
introduced the term mere exposure effect to refer to this
phenomenon, considered it to arise from the operation of
a precognitive emotional system that is distinct from the
memory system. However, this interpretation was later
questioned, notably by Mandler, Nakamura, and Van Zandt
(1987), who demonstrated that the mere exposure effect
is not restricted to emotional evaluation. In their study,
which involved briefexposures to random polygons, sub
jects selected unrecognized targets when asked to choose
the brightest of a target-distractor pair, whereas another
group chose the same targets when asked to select the
darkest stimulus. Thus, repeated, unreinforced exposure
to a stimulus can lead to a more positive evaluation of
brightness in both directions. This finding has led a num
ber of researchers (e.g., Bornstein & d'Agostino, 1994;
Jacoby & Kelley, 1987; Seamon, Brody, & Kauff, 1983)
to view the mere exposure effect as resulting from an in
crease in perceptual fluency due to repetition. By this ac
count, repeated exposure to a stimulus facilitates subse
quent perceptual processing of the stimulus, and subjects
attribute this facilitation to liking the stimulus or to any
other nonemotional judgment (e.g., the brightness judg
ment). As we will argue next, these perceptual fluencyef
fects, or the mere exposure effects, fit with the current con
ceptualization of implicit memory.

The Mere Exposure Effect
as an Implicit Memory Phenomenon

In our view (along with many others, including Greve
& Bauer, 1990; Schacter, 1987; Seamon et aI., 1995;
Squire, 1992; Tobias, Kihlstrom, & Schacter, 1992), the
mere exposure effect is best conceptualized as an im
plicit memory phenomenon. First, the mere exposure ef
fect fits with the definition of implicit memory, as is
clarified below. Second, viewing the mere exposure ef
fect in terms of implicit memory provides a theoretical
framework that is presently lacking. Third, studying the
mere exposure effect as pertaining to the class of implicit
memory phenomena allows us to exploit research strate
gies that have proven to be effective in uncovering the
nature of the underlying mechanisms. Therefore, relating
the mere exposure effect to implicit memory research is
worthwhile from both a theoretical and an empirical
point of view.

Implicit memory refers to the behavioral changes that
are attributable to a prior episode with an item and that
cannot be accounted for by explicit memory for that
event. Typically, implicit memory is revealed by tasks
that do not require intentional or conscious recollection
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ofevents (Schacter, 1987). For example, in their pioneer
ing study, Warrington and Weiskrantz (1970) presented
a list ofwords to be studied to amnesic patients and their
normal controls. Later, they asked the subjects to com
plete a series ofnonstudied and studied word stems with
the first word that came to mind. Both amnesic patients
and control subjects exhibited a bias to complete the
stems with the studied words. When required to intention
ally recall the studied words as completions for the same
stems, not surprisingly, amnesic patients performed
poorly. Thus, both amnesic and normal subjects showed
facilitation in stem completion that was attributable to a
prior experience. Nevertheless, amnesic patients were
unable to remember the experience itself. This situation
illustrates the dissociation between implicit and explicit
memory (for a review, see Moscovitch, Vriezen, &
Goshen-Gottstein, 1993). It should be apparent that this
type of dissociation is very close to that observed by
Johnson et al. (1985) on music with affect and recogni
tion tasks.

The dissociation between implicit and explicit memory
is not limited to amnesic patients, where explicit mem
ory is impaired and implicit memory is spared. Similar
dissociations can be experimentally induced in the per
formance ofnormal subjects. The research strategy con
sists of selecting variables that differentially affect per
formance on explicit and implicit memory tasks. For
example, levels ofprocessing (LOP) ofthe studied items
affect performance on subsequent explicit tests but not
on implicit ones; in contrast, changes in modality between
study and test affect most forms of implicit memory
tasks but not explicit memory ones (see Roediger & Me
Dermott, 1993, for a review). In keeping with the word
stem completion task originally developed by Warring
ton and Weiskrantz (1970), it has been shown that having
subjects judge the pleasantness ofwords or the clarity of
pronunciation has no effect on the subsequent (implicit)
completion ofthe stems ofthese words. In contrast, pleas
antness judgments improve explicit recall of the presented
word, when cued with its initial segment (see, e.g., Schac
ter & Church, 1992). These findings suggest that stem
completion depends on a processing system that does not
represent the meaning of a word, whereas explicit cued
recall does involve such representation. In contrast, stem
completion is sensitive to the perceptual form of the
studied word. Changes in the structural aspects of the
words between the study phase and the stem completion
phase, such as those produced by a change in modality
of presentation (i.e., from auditory presentation of the
word to visual presentation of the stem), reduce the mag
nitude of the implicit memory effects but not of the ex
plicit ones (see, e.g., Bassili, Smith, & MacLeod, 1989;
Carlesimo, Marfia, Loasses, & Caltagirone, 1994; Craik,
Moscovitch, & McDowd, 1994; Marsolek, Kosslyn, &
Squire, 1992; Rajaram & Roediger, 1993).

Although studies of implicit memory most commonly
have been done with words, in principle a large variety
of tasks and materials can reveal the impact of prior ex-

perience on subsequent judgments or actions. It can be
demonstrated in movement reproduction (see, e.g., Vander
Linden, Lories, & Cornille, 1993) and in object decision
tasks on line drawings (see, e.g., Schacter, Cooper, &
Delaney, 1990; Schacter, Cooper, Delaney, Peterson, &
Tharan, 1991). Likability or affect judgments, as used in
the mere exposure paradigm, represent one more class of
judgments that can reveal the operations ofimplicit mem
ory mechanisms. This account has been recently sup
ported in the visual domain (Seamon et aI., 1995). Sea
mon and his collaborators based the design oftheir study
of the mere exposure effect on the studies, conducted by
Schacter and his collaborators, of implicit and explicit
memory for possible and impossible visual objects. They
presented line drawings in a study phase and then required
subjects to perform a forced-choice affect task ("Which
stimulus do you like best ?") or a recognition task ("Which
stimulus did you see before?") on target-distractor pairs.
The reasoning behind the research was that, if the mere
exposure effect on liking demonstrates implicit memory,
it should be influenced by experimental variables in the
same manner as in Schacter et al.s work. The outcome was
largely consistent with those of Schacter et al. Notably,
number of stimulus exposures had no effect on implicit
memory in either the affect task or the object decision
test, and subjects demonstrated stochastic independence
between implicit and explicit memory judgments in both
experimental situations. The implicit nature ofthe affect
task was further demonstrated in Seamon et al.'s (1995)
study by showing that subjects exposed to line drawings
for 4 msec showed significant preference for targets over
distractors in the absence ofrecognition. Overall, the re
sults support the notion that performance on the affect task
is governed by implicit memory, whereas performance
on the recognition task demonstrates explicit memory.

These conclusions may generalize to the case ofmusic,
although this is not warranted. For one thing, the visual
and auditory modality ofpresentation are fundamentally
different. In general, implicit memory effects are much
better understood in the visual than in the auditory do
main, simply because of the more extensive study of the
former. Thus, most theoretical accounts of implicit mem
ory phenomena are based on data from visual tasks and
typically entail hypotheses about the characteristics of
visually based processes and systems. In recent years, how
ever,an increase in research activities on auditory events,
mainly conducted by Schacter and Church (e.g., Church
& Schacter, 1994; Schacter & Church, 1992, 1995), has
led to the formulation of more general proposals that in
corporate auditory mechanisms. Yet, these auditory mech
anisms deal with word identification, not music. So far,
musical stimuli have played no part in these theoretical
developments.

The Present Study
To establish the implicit nature of the mere exposure

effects in the musical domain, we designed an experi
mental situation that would satisfy the retrieval inten-
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tionality criteria formulated by Schacter, Bowers, and
Booker (1989), so as to study memory functioning in nor
mal subjects. In the study phase, all the subjects inci
dentally encoded the musical material by performing a
familiarity decision task (i.e., "Is this melody familiar?").
In the test phase, the subjects were presented with the
same material, halfofwhich corresponded to the melodies
presented in the study phase. They all responded by rating
their judgments on a 10-point scale. In the affect task,
the judgment was to rate each stimulus from I do not like
it to I like it a lot. In the recognition task, the subjects were
required to rate their confidence in recognizing each
stimulus as having been presented in the prior familiarity
decision task from no, certain to yes, certain. Thus, the
recognition task required subjects to intentionally retrieve
the initial study episode, whereas the affect task did not.
The situation satisfied the first criterion of retrieval in
tentionality, which requires that the external cues avail
able to subjects be the same in the two tests, so that only
test instructions differ.

The second criterion is to select an experimental vari
able that will serve to dissociate the two tests. Several such
variables were selected, including delay between study
and test, encoding tasks, study-test changes in percep
tual attributes, and familiarity with the melodies. With
the exception ofthe last factor, all the other variables have
been largely exploited in past research as a means to dis
sociate implicit and explicit memory. The rationale for
selecting familiarity with the melodies as a new disso
ciative treatment was its potential for yielding memory
effects in opposite directions in the affect and recogni
tion tasks, thereby resulting in a crossover interaction.
We predicted that the memory effects should be maxi
mal on affect ratings for unfamiliar melodies, whereas
recognition memory would be best for familiar melodies.
The reasoning was as follows. For the affect task, already
highly familiar excerpts, such as the ones presented here
(e.g., the tune of "Happy Birthday"), should be clearly
preferred to the unfamiliar excerpts (that corresponded
to rarely played or sung melodies taken from the same
popular repertoire; Berthier, 1979). Yet, these familiar
melodies may be so overlearned that additional exposure
in the study phase may not make a difference; thus, the
effect of prior exposure should emerge more clearly in
liking the repeated novel melodies over the ones heard
for the first time. This is, in fact, what we observed in the
normal controls' data from a previous study (Peretz, 1996).
These effects were, however, limited to half the material
used here and thus deserve replication. The reverse trend
was expected to emerge from the recognition judgments,
following the recurrent observation that preexisting ma
terial is retained better than novel material, be it faces
(Ellis, Shepherd, & Davies, 1979; Klatzky & Forrest,
1984) or melodies (Bartlett, Halpern, & Dowling, 1995;
Java, Kaminska, & Gardiner, 1995; Peretz, 1996), when
explicit recognition memory is probed. Whether this
memory advantage for familiar melodies over unfamiliar
ones is due to the use ofpreexisting representations or to

recourse to more elaborative, associative encoding is not
known. By both accounts, however, subjects are expected
to recognize familiar melodies much better than unfa
miliar ones. In sum, prior knowledge of the melodies was
expected to facilitate recognition of the studied items
without increasing their relative preferences, whereas
the opposite effect was expected to emerge in the treat
ment ofthe unfamiliar melodies. On the latter, higher pref
erence for the presented melodies was expected to emerge
without (or with weak) recollection.

Because familiarity with melodies was the dissocia
tive variable that had the best potential for producing a
crossover interaction, it was systematically included in all
experiments. In Experiment 2, we explored the longevity
ofthe memory effects by manipulating the time delay be
tween study and test. By analogy with visual studies, we
expected that exposure effects would persist longer in the
affect task than in the recognition task. In Experiment 3,
the effects of study-test changes in the perceptual form
ofthe melodies, made by manipulating their timbre, were
examined, in an attempt to relate the mere exposure ef
fect to the functioning ofthe perceptual processing system
for music. Similarly, manipulation of LOPs at encoding
in Experiment 3 was expected to influence the recognition
process but not the affect evaluation.

EXPERIMENT 1

Method
Subjects. Forty-eight subjects from the University ofMontreal,

between 20 and 39 years of age (m = 25), participated in Experi
ment I. They were recruited with an advertisement to participate in
an experiment on music perception. Care was taken to avoid psy
chology students who might already be familiar with implicit mem
ory concepts. All were nonmusicians and raised in a French-speaking
culture to ensure a shared knowledge ofpopular music. The subjects
were paid for their participation.

Materials. The material consisted of 80 melodic lines taken
from the popular repertoire (Berthier, 1979). These melodies were
divided into two sets (Set A and Set B), so that each contained 20
familiar and 20 unfamiliar excerpts. The familiar melodies were
equally familiar in the two sets, with a mean rating of 4.5 and 4.3
(following our normative data, where I means unfamiliar, and 5
highly familiar; Peretz, Babai, Lussier, Hebert, & Gagnon, 1995)
for Sets A and B, respectively. They were also matched in length,
with an average duration of 9.1 and 8.8 sec for Sets A and B, re
spectively. The unfamiliar melodies were also matched in length in
the two sets, with means of 8.1 and 7.9 sec; they came from the
same songbook (Berthier, 1979) and were selected because they
were no longer sung or played. No normative data were available.for
these unfamiliar melodies. All melodies were generated by a Yamaha
TXZ synthesizer controlled by an IBM-compatible computer with
the timbre approximation ofa piano and were recorded on two tapes.
One tape contained Set A, followed by all 80 melodies (which cor
responded to the melodies of Set A mixed with those of Set B,
which thus served as distractors for Set A) in a random order; the
other tape contained Set B, followed by the same 80 melodies but
recorded in a different random order. There was a 5-sec intertrial in
terval between consecutive melodies throughout the tapes.

Design and Procedure. The experiment used a 2 x 2 x 2 fac
torial design. The between-subjects variable was the type of task
(affect vs. recognition), with 24 subjects in each task, and the



888 PERETZ, GAUDREAU, AND BONNEL

Table 1
Mean z Score Transforms (and Standard Deviations)
of the Subjects' Ratings on a IO-Point Scale for the

Affect Task as a Function of Prior Exposure and Familiarity
With the Music at Test and Retest in Experiment I

Familiar Music Unfamiliar Music

Presented Nonpresented Presented Nonpresented

Phase M SD M SD M SD M SD

Test .22 .36 .24 .27 -.13 28 -.33 .33
Retest .43 .26 .47 .26 -.39 .23 -.51 .30

within-subjects variables were familiarity with the melodies (fa
miliar vs. unfamiliar) and prior exposure (presented vs. nonpre
sented). Twosubgroups of 12 subjects each were randomly assigned
to each tape in each group defined by task. The subjects were tested
individually.

The prerecorded tapes were delivered at a comfortable listening
level through loudspeakers located in front of the subject. All the
subjects were told that they would participate in two tests involving
music; they were not informed that the two tasks were connected in
any way. During the first test-the study phase, which consisted of
20 familiar musical excerpts randomly mixed with 20 unfamiliar
ones-the subjects were required to decide whether each excerpt
was familiar to them and to mark their responses in the provided
space on an answer sheet. This task requirement permitted the ver
ification of subjects' familiarity with the stimuli and encouraged
careful listening. After the study phase, there was a retention inter
val of approximately 5 min, during which the instructions for the
following test, which comprised 80 test trials, were given. One
group ofsubjects was told that the second test was an inquiry about
musical taste for a future study. They were required to rate their
liking ofeach melody on a IO-point scale, with I meaning 1 do not
like it, and 10[like it a lot. The other group ofsubjects was required
to judge whether they had heard each musical excerpt in the prior
test on a lO-point scale (with I meaning no. J certainly haven't
heard this melody in the prior test, and 10 yes, J certainly have
heard that melody in the prior test). The subjects were encouraged
to make use of the full scale. The experimental session lasted about
45 min.

After examining the data, we decided to explore retention of the
melodies after a delay of several months. Out of the 48 subjects
tested in the first session, 39 (19 for the affect task and 20 for the
recognition task) agreed to come back to the laboratory.For each task,
an equal number of subjects was tested after an interval between
test and retest of 2 and 4 months. The subjects were retested in the
same conditions as those at test. The relation between the first and
second session was not disclosed to the subjects; they were simply
told that we needed to collect more data on the same type ofjudg
ments. None of the subjects was informed that the material was in
fact identical to what they had previously heard. The subjects who
initially performed the affect task were simply required to perform
again the same type ofjudgments. For the subjects who initially per
formed the recognition test, the instructions were more problem
atic; the subjects had to recall that a few months ago they had per
formed a familiarity decision test on melodies that they were
required, once again, to recognize among distractors,

Results
In the study phase, the a priori familiarity with the mu

sical selections was confirmed, since the subjects achieved
a hit rate of .85 and .89 in the groups subsequently per
forming the affect and recognition tasks, respectively.
The associated false alarm (FA) rates were .10 and .08,
respectively. Responses were considered as hits when they

indicatedfamiliar to a familiar melody and as FAs when
they indicated familiar to an unfamiliar melody. Sets A
and B also yielded similar familiarity ratings, with .88 and
.86 hits, respectively; the corresponding rates of FA (.13
and .05) did not differ from each other [t(46) = 0.745,
SEd m = 0.11, n.s.].

In the test phase, each subject's rating on the l O-point
scale was normalized, in order to control for individual
differences in the use ofresponse scales. Indeed, there was
some variability: Individual means ranged between 3.9
and 6.6, and individual standard deviations between 1.4
and 3.8. Thus, each rating was converted to az score, using
the subject's own mean and standard deviation. This was
done by subtracting from each rating the subject's mean
rating and by dividing this result by the subject's overall
standard deviation. The averaged normalized ratings are
used as dependent variables in all reported analyses, un
less measures derived from the application of the signal
detection theory are used instead.

Preliminary analyses were performed to assess whether
some difference might exist between our two sets (A and
B) of stimuli. Since no difference or interaction between
the sets and the factors of interest could be found, the data
were collapsed over the two sets in the following analyses.

The mean z scores obtained in the affect task are pre
sented in Table 1. A positive score indicates a positive rat
ing (above the subjects' midpoint ratings, thus indicating
a yes, I like it or yes, I have heard it before), and a negative
score indicates a negative response (tending toward a no,
I don't like it or no, I have not heard it). As can be seen
in Table 1 (under the test condition), the results were gen
erally consistent with the predictions. The subjects pre
ferred the familiar over the unfamiliar melodies. A single
prior exposure did not affect their preference for the al
ready familiar music but did increase their liking for the
unfamiliar selections. It is worth mentioning that the lack
of differential liking for the familiar melodies was not
due to a ceiling effect. Subjects rated, the studied and non
studied familiar melodies, on an average, 6.6 (SD, 1.09)
and 6.5 (SD, 0.80), respectively, on the lO-point scale.
Similar values were obtained in the next two experiments,
as well as in our previous study (Peretz, 1996). For the
recognition task, the discriminability and criterion mea
sures, I derived from the signal detection theory (and pre
sented in Figure 1), indicate that the subjects were quite
accurate at recognizing the presented from the nonpre
sented material and appeared to do so better for the fa
miliar than for the unfamiliar selections.

To assess these effects statistically, two separate analy
ses of variance (ANOVAs) were performed on the rat
ings: one for the affect judgments and one for the recog
nitionjudgments, Furthermore, priming was measured in
the affect task by taking into account the baseline levels.

Affect task. The ANOVA, taking familiarity and pre
sentation as within-subjects factors, revealed an interaction
between these two factors [F(l ,23) = 8.31, MSe = 0.03.
p < .0 I], indicating that prior study increases liking of
unfamiliar melodies [1(23) = 3.424, SEdm = 0.04, P <
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Figure 1. Discriminability (left panel) and criterion measures (right panel) for the familiar and unfamiliar musical excerpts;
derived from signal detection procedures applied to the recognition ratings at test and retest in Experiment 1. Error bars rep
resent standard errors•

.001, by a unilateral test] but does not influence affect
ratings for familiar melodies [t(23) = 0.282, SEdm =0.04).
Familiar melodies are generally preferred to the unfamil
iar melodies, as supported by the presence of a main ef
fect offamiliarity [F(l,23) = 17.50,MSe = 0.28,p < .001].

To ensure that the effect ofprior study (i.e., repetition)
was not the product of a liking bias for a subset of
melodies, the mean rating obtained without prior expo
sure for the same stimuli (corresponding to the ratings
provided by the subjects who were exposed to the other
set) were subtracted from each subject's ratings obtained
for the presented stimuli. We will refer to these subtracted
scores as the priming scores throughout the paper. The
priming scores were significantly different from zero for
the unfamiliar excerpts [with a mean score of .20, t (23) =
3.330, SEdm = 0.06,p < .005, by a one-tailed test] but not
for the familiar material.

Recognition task. In order to dissociate accuracy from
criterion shifts in the recognition of familiar and unfa
miliar melodies, we applied the signal detection theory
(Green & Swets, 1966) to the data. The individual recog
nition ratings were analyzed by using standard proce
dures for estimating accuracy and bias parameters from
receiver operating characteristic (ROC) curves? There
were 10 response categories, from I (certain, new, which
corresponds to the noise-alone distribution) to 10 (certain,
old, which corresponds to the signal + noise distribution).
The nine boundaries between adjacent pairs of these 10
categories yielded 9 points on a ROC curve, from which
maximum likelihood parameter estimates were obtained
with the procedure of Dorfman and Alf(l969). These it
erative procedures were used for each individual subject
and each material (familiar vs. unfamiliar melodies). From

each ROC, accuracy was estimated by the distance mea
sure da'which is equivalent to the area under the ROC.

The mean da for the familiar and unfamiliar melodies
are presented in Figure I (in the test condition). As can be
seen, discriminability was much superior for familiar
than for unfamiliar melodies [t(23) = 6.82, SEdm = 0.07,
p < .001, by a one-tailed test], although accuracy still
was above chance level (being zero) for the unfamiliar
melodies [t(23) = 7.712, SEdm = 0.05,p < .001]. Most
remarkable is the observation that the slopes of the ROC
curves are close to I, being 1.0 and .98 for the familiar
and unfamiliar melodies, respectively, thus resembling
the discrimination curves of psychophysics. Finally, the
index f3 was computed for each subject in order to obtain
an overall assessment of bias in the choice between the
responses old and new. Tothis end, the 10 rating categories
were collapsed into 2 response categories. The f3valuesare
presented in Figure 1.As can be seen, the f3valuesare close
to I for the familiar music, indicating essentially no re
sponse bias [t(23) = 0.333, SEdm = 0.03], whereas for the
unfamiliar music subjects exhibit a bias toward respond
ing new [t(23) = 6.736, SEdm = 0.03, p < .001]. This
shift in criterion as a function of familiarity was signifi
cant [t(23) = 5.161, SEdm = 0.03,p < .001].

Test-retest comparison. The data obtained on retest
after an interval ofseveral months are presented in Table I
for the affect task and in Figure I for the recognition
task. As can be seen, the data obtained after retesting fol
lowed essentially the same pattern as that observed at test,
although being generally less positive. These retest scores
were analyzed following the same separate analyses as
those performed on test scores. The retest scores were then
statistically compared to the test scores of those subjects
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who were tested in both sessions in a combined ANOVA,
considering test-retest session as an additional within
subjects factor in each task.

In the affect task, the retest scores gave rise to a mar
ginal interaction between familiarity and presentation
[F(l,18) = 3.12, MSe = 0.03, p < .10], indicating that
previously presented unfamiliar melodies were still pre
ferred over the nonpresented ones. Although weaker, the
effect ofprior exposure for unfamiliar melodies reached
significance on priming scores [t(18) = 1.782, SEdm =
0.05, p < .05, by a one-tailed test]. Thus, the mere ex
posure effect appears to be long lasting. Comparison of
test and retest scores revealed only one significant dif
ference, in the form ofan interaction between session and
familiarity [F(l, 18) = 10.56, MSe = 0.17, P < .005].
Compared with initial testing, the subjects were found to
like familiar melodies more and unfamiliar melodies less
on retest.

In the recognition task, as da measures indicate, the
subjects no longer recognized familiar melodies better
than unfamiliar melodies [t(19) = 1.103, SEdm = 0.06],
although they performed better than chance in both cases
[with t (19) =4.943 and 4.210, SE dm =0.07 and 0.06, p <
.001, for the familiar and unfamiliar music, respec
tively]. Statistical comparison with the test scores con
firms this difference in the role of familiarity on memory
recognition over time, with an interaction between session
and familiarity [F(1,19) = 24.03, MSe = 0.06,p < .001].
The response criteria (see the right panel in Figure 1) re
mained essentially unchanged between test and retest.
There was no effect ofsession [F(1,19)=2.03, MSe = 0.02]
or interaction with familiarity (F < 1) on the f3 values.

Discussion
The results replicate previous studies that showed the

presence ofa mere exposure effect on music liking after a
single repetition (Heingartner & Hall, 1974, Experi
ment 1; Johnson et aI., 1985; Peretz, 1996). The present
results further qualify the exposure effect in showing that
it is limited to novel melodies. A single repetition was
sufficient to bring about an increase in liking for novel
melodies. This effect was still present at retest a few
months later, hence appearing to be both reliable and long
lasting. Repetition of highly familiar melodies does not
increase their high level of preference, although the fact
that they are generally preferred to unfamiliar melodies
of the same genre indicates a preference bias for what is
already known. Noteworthily, the liking judgments are not
influenced in the same manner by preexisting knowledge
of the music as are recognition judgments. Recognition
is best for familiar melodies that are, however, not dis
tinguishable in terms oflikability. Thus, as expected, prior
knowledge of melodies exerted a differential effect on
affect and recognition judgments. These results support
the view that the memory effects observed in affect and
recognition for the same melodies have different origins,
ascribed to the operations of implicit and explicit mem
ory, respectively.

To our surprise, recognition memory was found to be
both reliable and long lasting for novel melodies. Not only
were the subjects able to recognize melodies after a sin
gle presentation, they also displayed enduring memories
for these novel melodies; they were still able to recognize
them after a delay of several months. This performance
is quite puzzling, given that the so-called nonpresented
novel melodies were in fact presented twice as distractors,
due to the retest procedure. The problem with this pro
cedure, however, is that it confounds time delay with task
repetition. The longevity of memory effects was more
properly assessed in the following experiment in which
the time delay between study and test was systematically
increased without repeating the test procedure.

EXPERIMENT 2

The purpose of this experiment was to reduce the
strength ofrecognition memory so as to produce a stronger
dissociation between the affect and recognition tasks. In
Experiment 1, the two tasks could be dissociated in the
treatment of familiar melodies that were clearly distinct
in memory and not in affect. In the present experiment,
we sought to extend this dissociation in the opposite di
rection, by showing that prior experience with novel
melodies can be distinguished by affect and less so by
recognition. This pattern can be expected to emerge after
insertion of a long time interval between study and test.
Exposure effects have been shown to persist longer in
liking evaluation than in recognition judgments, at least
in the visual domain (Seamon et aI., 1983). In that study,
time delays of 24 h and of 1 week were examined. Pref
erence for previously seen stimuli did not decline over the
l-week period, whereas accuracy of recognition judg
ments dropped to chance level over the same delay peri
ods. In the present situation, however, recognition of
melodies was expected to decline over time to a level that
would be still above chance, given the results obtained in
Experiment 1, whereas preferences were expected to re
main stable. The time intervals inserted between study
and test were originally set to 5 min, as in Experiment 1,
to provide a baseline against which to assess the effect of
increasing time delay to I day (24 h), to 1 week, and to
1 month. In each condition, two different groups of sub
jects studied the same sets of 40 melodies, half of which
were familiar to them, and returned to the laboratory
after the same delay period to perform either the affect
task or the recognition task. In these two tests, half the
melodies were previously studied, half were not. To test
all time delays in each task, eight groups of 20 subjects
each were scheduled to participate in the experiment.
Twogroups were dropped from the actual design when it
became apparent that recognition memory did not sig
nificantly decline over a l-week period.

Method
Essentially the same materials and procedures as those of Ex

periment I were employed. The only differences were a slight
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Table 2
Mean z Score Transforms (and Standard Deviations)

ofthe Subjects' Ratings for the Affect Task as a Function
of Familiarity With the Music After Various Delays

Between Presentation and Test (Experiment 2)

Results
In the study phase, all six groups of subjects achieved

a high rate ofhits (above .90) and a low rate ofFAs (below
.15). That is, familiar and unfamiliar melodies were con
sidered as such by the subjects. There was no difference
between groups in terms of prior knowledge of the mu
sical excerpts (F < I, on the hits minus FAs scores).

Affect task. As can be seen in Table 2, in the 5-min
condition, the observed performance pattern was highly
similar to the one obtained in Experiment I under simi
lar testing conditions but with different subjects. This was
supported statistically. The subjects preferred the studied

change in the stimuli and the manipulation of time delay between
presentation and test. With regard to the material, 2 of the 40 fa
miliar musical selections were replaced here because a majority of
subjects had judged them as being unfamiliar- in Experiment 1.
Otherwise, the task and procedure was identical to those in Exper
iment I for the two groups of subjects who performed the affect
task or the recognition task within the same session (the 5-min con
dition). Four other groups of subjects performed the same tasks
with a delay of either 24 h (the I-day condition) or 40 days on an
average (range, 26-55 days for the I-month condition) between the
study and the test phases. The subjects who were scheduled for a
second session performed two independent tasks in their initial ses
sion: the familiarity decision task, which represents the study phase
of the melodies, and an unrelated task on speech segmentation, so
as to disguise the connection between the first and second testing
sessions. The second session included the music test phase only;
instructions and materials were otherwise identical to those used in
the 5-min delay condition. The subjects who performed the affect
task were told that they were participating in an inquiry ofmusical
taste for a future study, and the subjects who performed the recog
nition task were asked to identify the melodies that they had heard
in the previous session.

The experiment used a 3 x 2 x 2 x 2 mixed factorial design.
There were two between-subjects variables: time delay (5 min,
I day, and I month) and type of test (affect vs. recognition). The
within-subjects variables were familiarity with the melodies (fa
miliar vs. unfamiliar) and presentation (presented vs. nonpresented).
Subgroups of 10 subjects each were randomly assigned to each tape
(corresponding to Set A and Set B) in each of the six groups defined
by time delay and task. The number of subjects was slightly greater
in the two groups who performed the affect task (23 subjects) and
the recognition task (24 subjects) in the I-month delay condition,
because it was expected that some subjects would not be available
for retest. It turned out that only I subject dropped out of the study.
All the subjects were university students selected with the same cri
teria as those in Experiment I. The subjects were tested individu
ally and were paid for their participation.

Delay

5 min
day
month

FamiliarMusic UnfamiliarMusic

Presented Nonpresented Presented Nonpresented

M SD M SD M SD M SD

.42 .37 .41 .26 - .32 .30 - .50 .32

.44 .33 .35 .26 - .25 .29 - .53 .31

.43 .31 .49 .24 -.48 .24 - .45 .30

melodies over the nonstudied ones when these were un
familiar [t(19) = 3.044, SEdm = 0.05,p < .01, by a one
tailed test on the z transforms of the ratings, and t (19) =
2.559, SEdm = 0.07, P < .01, on the priming scores],
whereas they did not exhibit this preference bias for the
familiar melodies. This differential pattern of liking as a
function of prior exposure for unfamiliar and familiar
melodies was supported by a significant interaction be
tween presentation and familiarity [F( 1,19) = 4.45, MSe =

0.03, P < .05]. The results obtained in the 5-min condi
tion thus replicate those of Experiment 1 and provide a
baseline against which to measure the effect oftime delay.

As can be seen in Table 2, after a l-day period, essen
tially the same pattern as that observed after 5 min
emerges. The subjects still exhibit evidence ofan exposure
effect for unfamiliar melodies [t (19) = 4.359 and 4.340,
SEdm = 0.07 and .06, on z scores and priming scores, re
spectively,p < .001 by a one-tailed test]. The interaction
between familiarity and presentation again reaches signif
icance [F(1,I9) = 4.47,MSe = 0.03,p < .05] in the I-day
delay condition. This is not, however, the case for the data
collected after a l-month period. In the I-month condition,
there is no longer evidence ofan exposure effect (F < I).
The disappearance of the exposure effect was supported
by a delay X presentation interaction [F(2,60) = 4.99,
MS e = 0.05, P < .01], as revealed by the ANOVA com
puted over the three delay conditions.

One effect that remained unchanged across time de
lays is the systematic preference for familiar over unfa
miliar melodies. The effect reached significance at each
delay [F(1,19) = 47.24, MSe = 0.28, after 5 min;
F( 1,19) = 44.03, MSe = 0.27, after 1 day; and F( I ,22) =
65.69, MSe = 1.65, after I month; allps < .001].

Recognition task. The recognition parameters are
summarized in Figure 2. As can be seen, the pattern ofre
suits remains quite similar at each delay condition, with
discriminability remaining higher for familiar than for
unfamiliar music. The combined ANOVAcomputed over
the three delay conditions confirmed the presence of a
robust effect offamiliarity [F(I,61) = 65.89, MSe = 6.47,
p < .001] that did not interact with time delay [F(2,61) =
1.48, MSe = 0.10]. However, discriminability decreased
overtime, as attested by a main effect oftime delay [F(2,61 )
= 5.99, MSe = 0.18,p < .005]. Nevertheless, even after
a retention interval of I month, discriminability remains
above chance level [t(23) = 8.857 and 4.363, SEdm =
0.07 and 0.06, p < .00 I, for the familiar and unfamiliar
melodies, respectively]. As in Experiment I, slopes were
found to be close to I and are compatible with the oper
ation ofa single process of familiarity, working at differ
ent levels of efficacy. Finally, the f3 values (see the right
panel of Figure 2) indicate an increased bias to respond
old over time for the familiar set [F(2,61) = 6.02, MSe =
0.03, P < .002], whereas the response bias to respond
new for the unfamiliar set remains essentially unchanged
across time delays [F(2,61) = 1.11, MSe = 0.02, n.s.]. The
presence of a shift of criterion over time for the familiar
melodies only was confirmed by the presence ofan inter-
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Figure 2. Discriminability (left panel) and criterion measures (right panel) for the familiar and unfamiliar musical ex
cerpts, derived from the recognition ratings obtained at each delay (5 min, 1 day, and 1 month) between study and test in
Experiment 2. Error bars represent standard errors.

action between familiarity and delay [F(2,6I) = 4.52,
MSe = 0.02, p < .02].

Discussion
Manipulation of time delay between presentation and

test provided further evidence for dissociable memory
based effects in affect and recognition. Memory effects
were found to vanish on liking judgments over a l-month
period, whereas they remained sizable on recognition
judgments over the same period. After a l-month interval,
the subjects were still able to discriminate studied from
nonstudied melodies, while no longer showing a mem
ory bias in likability for the same melodies. Note, how
ever, that the dissociation between affect and recognition
occurs in the opposite direction to that reported in the vi
sual domain (Seamon et aI., 1983).

Although the exposure effect on likability disappears
after 1 month, it is not a shortlived phenomenon, since it
emerged reliably after 24 h. It is worth mentioning that
19 out of the 20 subjects exhibited a positive bias for the
novel melodies that were studied the previous day. Thus,
the phenomenon is robust and relatively long lasting
(compared with most priming effects reported in the lit
erature; see Roediger & McDermott, 1993, for a review).
However, it does not last for weeks, contrasting with what
we found in Experiment 1. In that experiment, a weak but
significant exposure effect was obtained after an interval
of several months. One possible account for this discrep
ancy is that more than a single repetition may be neces
sary to produce long-lasting effects on liking judgments.
The retesting procedure used in Experiment 1 involved
two affect judgments of the same novel melodies, whereas
only one opportunity for evaluation was provided in Ex
periment 2. It may be the case that novel melodies need

to be processed at least twice in order to get long-lasting
exposure effects on preference. It is worth noting that, in
Seamon et al.'s (1983) study, which reports persistence
ofexposure effects on likingjudgments after 1 week, each
visual stimulus was presented five times. Testing the
frequency-affect relation over time for novel melodies
should be a goal of future studies.

In contrast, recognition is found to be quite resistant to
time. Although accuracy declines and the subjects in
creasingly confound preexperimental and experimental
familiarity over time, the subjects are still able to dis
criminate the melodies from distractors after a period of
1 month. To our knowledge, this is the first demonstra
tion of very long term memory for music, particularly
for novel music that has been heard only once for a pur
pose other than memorization. This competence might be
partly due to the fine-grained measurements taken in the
present study, in which the subjects were required to rate
their judgment on a l O-point scale. To examine this pos
sibility, we dichotomized the responses, by considering
each rating below 6 as new and above 5 as old for non
studied and studied melodies, respectively. The resulting
binary scores were found to be still above chance level in
the l-month delay condition, with 66% correct for the
familiar melodies [which is above the 50% chance level;
t(23) = 9.716, SEdm = 0.00, p < .001] and 59% for the
unfamiliar melodies [t(23) = 5.023, SEdm = 0.00, P <
.001]. Thus, the evidence for long-term memory for the
melodies cannot be entirely attributed to the fine-grained
measure considered here and may well reflect the real
competence of the majority of listeners.

At this stage, we can only speculate as to how subjects
achieved such a good performance level in memory
recognition. There is, however, a consensus regarding the
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familiar melodies. They are considered to be more easily
retained, not only because they can be mapped onto pre
existing stored representations, but also because they can
activate associated information, such as genre and titles,
that can in turn be embedded into a larger body of pre
existing knowledge. Genre is not distinctive in the present
series of experiments because all the melodies pertain to
only a few popular categories, such as children songs, tra
ditional French songs, and Christmas carols. In contrast,
the associated lyrics or titles are distinctive, and actual
recourse to such labeling strategies is very likely, since
at least 30 out of the 40 familiar melodies used in the ex
periments elicited verbal associations by a large majority
of subjects (Peretz et al., 1995). Moreover, the familiarity
decision task used at study may have promoted consul
tation of these associative memories; finding a title for a
musical excerpt may be used as a validation of familiar
ity. This associative encoding may account for the high
recognition performance noted for familiar melodies. The
use of verbal labels for the novel melodies is less likely.
It may still be the case that the familiarity decision in
volved exploration of titles or lyrics compatible with the
novel melodies and that this search was sufficiently ef
fective to confer an episodic quality to the melodies. This
possibility will be discussed further after considering the
results of Experiment 3. In this experiment, the use of a
verbal code was discouraged by orienting the subjects' at
tention away from labeling strategies and toward the sur
face characteristics of the melodies.

In summary, the present experiment replicated the re
sults obtained in Experiment 1 and provided evidence for
a different temporal gradient of memory loss for the af
fect and the recognition judgments. The faster decay of
exposure effects in the affect task than in the recognition
task was in the opposite direction to what was expected
from prior visual work. Nevertheless, the fact that these
two forms of memory, expressed in affect and recogni
tion, decline differently with time adds further strength
to the notion that they tap different memory components.

EXPERIMENT 3

Experiment 3 was designed to assess the hypothesis
that affect judgments rely on perceptual records of the
melodies, whereas recognition judgments rely on more
abstract representations. To this aim, we manipulated sur
face properties of the melodies and study tasks.

Changes of surface properties between study and test
were expected to influence performance in the affect task
and have little impact on recognition performance. The
rationale was that, if affect is proximal to the perceptual
processing system, as is the case for most implicit repe
tition tests, changing the format between study and test
should impair the exposure effect on liking. In contrast,
study-test changes in perceptual form of the stimuli
should have less impact on recognition judgments, which
are conceived as tapping more abstract forms of memo-

ries. One obvious way to change the surface characteris
tics of melodies without changing their structural iden
tity is to modify the instrument on which they are played.
In the preceding experiments, the melodies were pre
sented at study and test with a piano timbre. In the pre
sent experiment, half the melodies were presented on
piano and hal f were played on flute in the study phase. At
test, the melodies were either repeated with the same
timbre (e.g., piano-piano) or were repeated with a dif
ferent timbre (e.g., piano-flute). Timbre is tangential to
music identity in that musical excerpts can be easily rec
ognized or compared, despite changes in sound sources.
However, there is generally a cost due to timbre changes,
since same-timbre discrimination leads to better perfor
mance than does different-timbre discriminations (Rad
vansky, Fleming, & Simmons, 1995; Wolpert, 1990).
Therefore, timbre attributes may be assumed to be com
puted during the perceptual analysis ofthe musical input.

Manipulation of LOPs at study consisted in orienting
subjects' attention either to surface attributes or to abstract
attributes of the melodies. In the preceding experiments,
the subjects' attention was oriented toward structural (ab
stract) features of the melodies by having them to clas
sify the melodies as familiar or unfamiliar, both types of
melodies being of the same style. Consultation of ab
stract representations of the melodies was further pro
moted by the stimuli, which were computer generated (in
a sense analogous to having line drawings or pictures
representing real objects), thus lacking the acoustic char
acteristics, such as variations in intensity and duration,
that make them sound natural. The same familiarity
encoding instruction was used in this experiment and
corresponded to the higher level ofprocessing. As a way
to induce the subjects to attend to the surface attributes
of the melodies, an instrument-encoding instruction was
given to another group of subjects. At study, the subjects
were simply required to indicate whether the melodies
were played on piano or flute. Assuming that subjects use
an elaborative code in recognition (such as labeling), en
coding surface characteristics should impair performance,
as compared with the familiarity encoding situation in
which the use oflabels is compatible with the familiarity
decision. Thus, an effect of encoding task, particularly
for the recognition of familiar melodies, was predicted.

To test these predictions, the melodies were played ei
ther on piano or on flute, and the subjects performed one
of two study tasks: an instrument decision task or a fa
miliarity decision task. After a 5-min delay, the subjects
were required either to rate their liking of the melodies
or to make explicit recognition judgments about the same
melodies. In both test tasks, half of the melodies were
presented in the study phase, whereas the other halfwere
not; half of the studied melodies were presented with the
same instrument (i.e., timbre) as during the study phase
and half were played with a different instrument. In each
instrument category, halfthe melodies were familiar, and
half were unfamiliar.
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Table 3
Mean z Score Transforms (and Standard Deviations) of the Subjects' Ratings in the Affect Task for the

Familiar and Unfamiliar Musical Excerpts as a Function of Encoding Task and Timbre in Experiment 3

FamiliarMusic UnfamiliarMusic

P P

S D NP S D NP
EncodingTask M SD M SD M SD M SD M SD M SD M SD M SD

Familiarity .38 .36 .41 .34 .40 .31 .36 .22 -.29 .27 -.29 .31 -.29 .23 -.47 .28
Instrument .33 .48 .22 .42 .28 .38 .31 .29 -.24 .33 -.27 .36 -.25 .29 -.34 .32

Note-S, same timbre; D, differenttimbre; P, presented; NP,nonpresented.

Method
Materials. The same 80 melodies, divided into Set A and Set B,

were used as in Experiment 2. The only difference was that there
were two versions of each melody: one version using a simulated
piano sound, and the other using a simulated flute sound. This was
done so that timbre changes between study and test always included
a change in the perceived instrument. We recorded eight tapes for
the affect and recognition tasks so that (1) each of the 80 melodies
appeared once on piano and once on flute; (2) each tape contained
half of the familiar and unfamiliar melodies played on piano and the
other half on flute; and (3) half of the studied melodies were re
peated in the same timbre and halfwere changed to a different tim
bre at test.

Design and Procedure: The experiment used a 2 X 2 X 2 X 2
factorial design. There were two between-subjects variables: en
coding task (familiarity vs. instrument) and type of test (affect vs.
recognition), with initially 24 subjects in each of these four condi
tions. The number of subjects was subsequently increased to 32 in
the two groups performing the affect task in order to increase the
statistical power to detect an effect of timbre change. As in the pre
vious experiments, the within-subjects variables were familiarity
with the melodies (familiar vs. unfamiliar) and item presentation
(presented vs. nonpresented). The new timbre (same vs. different)
variable was also a within-subjects variable. However, its potential
impact on the ratings can only be measured on the studied melodies.
Thus, the effect of study-test changes in timbre was assessed in a
separate ANOVA, considering only the ratings obtained for the
studied melodies as the dependent variable. Eight subgroups 00-4
subjects each were randomly assigned to each tape in each group
defined by the combination ofencoding task and test task. The sub
jects were tested individually.

Each subject first studied 40 melodies, either according to fa
miliarity as in the previous experiments (familiarity-encoding task)
or according to the instrument on which the melody was played
(instrument-encoding task). In the instrument-encoding task, the
subjects were required to provide a two-category decision by indi
cating for each stimulus whether it was produced by a piano or by
a flute. To avoid suspicion, the subjects were told that, since some
subjects cannot perform this simple task, control data were needed.
After this study phase, an interval of about 5 min was filled with the
instructions for the following test. The subjects were instructed to
rate either their liking or their recognition judgments for each of the
80 test melodies, as in the previous experiments. All the subjects
were required to rate the melodies and were told that any variation
in timbre was irrelevant to the task.

Results
In the study phase, the two groups of subjects who

performed the familiarity decision task at study achieved
a high rate of hits (.88) and a low rate ofFAs (below .13).
The two groups who performed the instrument decision
task achieved an almost perfect score (with 99.5% correct

in each group). The average z scores obtained for the sub
sequent affect judgments after familiarity-encoding and
instrument-encoding instructions are presented in Table3.
The data obtained for the recognition judgments are pre
sented in terms ofz scores in Table 4 and in terms ofsig
nal detection parameters in Figure 3.

AtTecttask. As can be seen in Table 3, an exposure ef
fect was again observed on liking ratings for the unfa
miliar melodies. The size ofthe effect did not vary much
according to the encoding task, and there was no sizable
effect of timbre changes between study and test. These
observations were supported statistically.

The ANOVA computed on the z scores with encoding
task (familiarity vs. instrument decision) as the between
subjects factor, and familiarity (familiar vs. unfamiliar
melodies) and presentation (presented vs. unpresented
melodies) as within-subjects factors, revealed once again
a significant interaction between familiarity and presen
tation [F(1,62) = 8.52, MSe = 0.03, p < .005], indicating
the presence of an exposure effect limited to the unfa
miliar musical set. There was no effect of encoding task
[F(1,62) = 1.03, MSe = 0.00, n.s.], but there was the usual
large effect of familiarity [F(1,62) = 110.95, MSe = 0.26,
p < .001], showing thatthe subjects preferred the familiar
over the unfamiliar melodies. There were no other sig
nificant effects or interactions.

To assess the effect of study-test changes in timbre,
we performed another ANOVA with timbre (same vs.
different)and familiarity (familiar vs. unfamiliar melodies)
as within-subjects factors and encoding task (familiarity
vs. instrument decision) as between-subjects factor on
the z score obtained for the studied melodies (see the S
and D columns in Table 3). This analysis did not reveal
any effect of timbre change (F < 1) or interaction with
the other factors (all Fs < 1.2). Thus, timbre change be
tween study and test was not found to influence liking rat
ings in either condition.

Recognition task. The recognition data differ sharply
from the affect results. Both encoding task and timbre
change appear to affect the recognition scores. These ef
fects were assessed by way of three separate ANOVAs,
with the first two considering encoding task as the between
subjects variable and familiarity as the within-subjects
variable on da and j3values, respectively (summarized in
Figure 3). The third ANOVA,aiming at assessing the ef
fect of study-test changes in timbre, was performed on
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Figure 3. Discriminability (left panel) and criterion measures (right panel) for the familiar and unfamiliar musical excerpts,
derived from the recognition ratings after the famiUarity-encoding instruction and the instrument-encoding instruction in Ex
periment 3. Error bars represent standard errors.

the z scores (summarized in Table 5), as was done for the
affect task, because signal detection parameters cannot
be derived in this case (i.e., there are only hits or misses
and no FAs).

The first analysis performed on the da measures yielded
an encoding X familiarity interaction [F(l ,46) = 7.11,
MSe = 0.08, p < .02]. Interestingly, manipulation of en
coding task had a reliable effect on subsequent discrim
inability of the familiar melodies (p < .001, by Tukey post
hoc comparisons) but none on the recognition of the un
familiar melodies. Thus, the LOP manipulation was ef
fective on recognition of familiar music. As in previous
experiments, a significant effect of familiarity emerged
across encoding tasks [F(l,46) = 54.61, MSe = 0.08,p <
.001], confirming the higher recognition scores obtained
for familiar melodies, as compared with unfamiliar
melodies. The slopes and the mean f3 were very close to 1
in each condition, thus discarding changes of criteria as
a potential source for the differences. The ANOYA com
puted on the f3 scores did not reveal any effect ofencoding
instruction (F < 1) or interaction between encoding and
familiarity [F(l,46) = 1.14, MSe = 0.03, n.s.]. As in the
preceding experiments, there was an effect of familiarity
[F(l,46) = 12.72, MSe = 0.03,p < .001], due to the pres
ence ofa bias to respond new for the unfamiliar melodies.

The effect of study-test changes in timbre on melody
recognition was assessed with an ANOYA, taking tim
bre change and familiarity as the within-subjects factors
and encoding task as the between-subjects factor, on the
z scores. As can be seen (by comparing the values in col
umns Sand D of Table 4), same-timbre melodies were
better discriminated than different-timbre melodies in all

conditions. This was confirmed by a main effect of tim
bre [F(l,46) = 10.53, MSe = 0.07,p < .002]. This mem
ory advantage for same-timbre over different-timbre
melodies was general, in that it depended neither on prior
familiarity with the material (the familiarity X timbre
interaction yielding F < I) nor on the encoding task [the
timbre X encoding interaction yielding F(l,46) = 1.81,
MSe = 0.07, n.s.]. Thus, across encoding conditions, mel
odies were best recognized when they were presented
with the same format at study and test.

Discussion
The major finding in Experiment 3 is that exposure ef

fects on liking judgments appear immune to experimental
manipulations that, in contrast, have a marked impact on
recognition judgments. The exposure effects in the affect
task resemble those observed in Experiments 1 and 2, de
spite the changes made to the melodies and those induced
by the study task. Changing the timbre ofthe melodies be
tween study and test and changing the focus ofattention
while encoding the melodies left the memory effects in
the affect task unchanged. The observation that both new
variables-timbre change and encoding task-had a pro
found impact on recognition judgments provides strong
support for the view that the memory effects observed in
recognition and affect are qualitatively different.

Some ofthese results were predicted and are consistent
with the existing literature on implicit and explicit mem
ory for nonmusical material, and some of the results are
divergent. One similarity with the literature is that LOP
manipulation was found to influence recognition (explicit
memory) and not affect (implicit memory). The subjects
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Table 4
Mean z Score Transforms (and Standard Deviations) of the Subjects' Ratings in the Recognition Task

for the Familiar and Unfamiliar Musical Excerpts as a Function of Encoding Task and Timbre in Experiment 3

Familiar Music Unfamiliar Music

P P

S D NP S D NP

Encoding Task M SD M SD M SD M SD M SD M SD M SD M SD
Familiarity .93 .34 .69 .35 .81 .27 -.41 .32 .13 .39 .01 .32 .07 .29 -.46 .26
Instrument .68 .34 .60 .36 .64 .28 -.26 .32 .05 .33 -.02 .34 .02 .28 -.40 .27

Note-S, same timbre; D. different timbre; P,presented; NP, nonpresented.

were less accurate in recognizing the familiar melodies
after having paid attention to their surface features, fol
lowing the instruction to judge the instrument on which
they were produced, than after having paid attention to
their structural features, following the instruction to
judge their familiarity with the melodies. This effect of
LOP lends support to the view that explicit memory for
music is best when subjects are induced at study to make
contact with their prior knowledge of the music. When
such elaborative or associative encoding is compromised
by the instruction to direct attention toward the musical in
strument, recognition memory drops considerably. These
conclusions are very similar to the ones drawn in other
domains. In word memory, it has been repeatedly shown
that subjects who study words semantically (e.g., by
judging the pleasantness ofeach word) have better recall
performance than those who study the words perceptu
ally (e.g., by judging the number of vowels contained in
each word). This LOP effect on word recall is highly ro
bust and contrasts with its lack of(or weak) influence on
(implicit) word stem completion (Graf& Mandler, 1984;
Graf, Mandler, & Haden, 1982; Java & Gardiner, 1991;
Light & Singh, 1987; Lupker, Harbuk, & Patrick, 1991;
Micco & Masson, 1991; Nelson, Shreiber, & Holley, 1992;
Park & Shaw, 1992; Roediger, Weldon, Stadler, & Riegler,
1992; Schacter & Church, 1992; Squire, Shimarnura, &
Graf, 1987).

One important divergence with word memory is that
changes in timbre attributes did not influence the (implicit)
affect judgments but did so for (explicit) recognition of
the melodies. Using auditory words, Schacter and Church
(1992) have shown the opposite-that is, changes in the
speaker's voice have a modest but reliable adverse effect
on performance in the (implicit) stem completion task,
whereas they have no effect on explicit cued recall of the
same words. This voice effect has been further refined
and replicated in more recent studies (Church & Schacter,
1994; Goldinger, 1996). Given that both tasks and mate
rials were different in the present study, it is difficult to
identify the parameters that may account for this rather
important difference between auditory memory for words
and that for music.

However, it must be pointed out that the data observed
here for timbre changes are highly consistent with the
work done on memory for visual objects. Visual objects
that are transformed by surface changes in left-right ori-

entation or in size have been found to impair explicit, not
implicit, performance (Biederman & Cooper, 1992;
Cave & Squire, 1992; Cooper, Schacter, Ballesteros, &
Moore, 1992; Schacter, Cooper, & Teadwell, 1993). A sim
ilar dissociation has been reported with the affect and
recognition tasks. Seamon et al. (1997) have shown that
recognition, not affective preference, was impaired by re
flection or size transformations ofvisual objects between
study and test, much in the same way as timbre change
was found to impair recognition but not likingjudgments.

The visual results have been taken to suggest that phys
ical attributes (e.g., size) that do not alter object shape
representation do not influence repetition priming, includ
ing the mere exposure effect on liking, because repeti
tion priming is not a low-level sensory facilitation phe
nomenon but is instead a reflection ofhigher level object
processing. In contrast, physical attributes are viewed as
information that is bound to a given object in order to pro
vide a distinct temporal-spatial context (episodic-like
quality) to the object Forming such new associations be
tween surface attributes and shapes would fulfill the role
of episodic memory. By analogy, the present results may
suggest that the memory representations underlying the
mere exposure effect observed in music preference con
tain abstract features that are essential for determining
melody identity. In contrast, memory representations
that sub serve explicit recognition would be formed by
new associations binding together timbre characteristics
and melody identity. These suggestions are obviously ad
hoc and require direct evaluation.

In a fourth experiment, we probed more directly the
content of these episodic memories for the melodies,
while keeping task parameters constant We tested two
new groups of subjects and simply added an instrument
recognition judgment at test That is, after incidental study
of the musical material, the subject's task was to recog
nize, as in the present Experiment 3, whether the melody
had been presented before and, when affirmative, whether
the melody had been presented using that same instru
ment For melody identity recognition, we replicated the
results obtained here. For instrument recognition, the
subjects performed poorly, with 54.2% correct Never
theless, this score was above chance performance [being
50%; t(46) = 2.967, SEdm = 0.01, P < .01]. Thus, sub
jects are able, to some extent," to deliberately retrieve tim
bre information in memory, thereby supporting the view
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that the timbre of the studied melody is part ofthe episodic
record and, thus, is available for subsequent recognition.

Finally, it is worth mentioning one aspect of the tim
bre effects obtained on recognition (see Table 4). The
subjects recognized same-timbre repetitions more accu
rately than they did different-timbre repetitions, even
when they were discouraged from considering timbre in
formation. In the familiarity-encoding condition, neither
at study nor at test were the subjects told that timbre
might influence their behavior in any way. Yet, a large
influence on the recognition ofold melodies was detected
as dependent on the timbre status. Melodies that remained
in the same timbre from study to test were recognized
better than were old melodies that were different in timbre
at study and test. The timbre effect was at least as large
as the one obtained by the subjects who did pay attention
to timbre at study because they received the instrument
encoding instruction. This suggests that consideration of
timbre is not modulated by attention allocation but instead
may be computed automatically. These computations
may not be critical for melody identity and, hence, for lik
ability but may well be critical to episodic memory for
melodies.

GENERAL DISCUSSION

This set of experiments has yielded a number of new
experimental dissociations between implicit and explicit
memory in the auditory musical domain. Experiments I,
2, and 3 showed that prior knowledge of the melodies
differentially influenced memory effects in liking and
recognition judgments. Experiments I and 2 showed that
these memory effects are not simply ephemeral, in that
they last for more than I full day, although they exhibit a
different temporal gradient in the two kinds of judg
ments. Experiment 3 showed that LOP at encoding has
an impact on recognition performance but none on liking
judgments. Finally, Experiment 3 revealed that recogni
tion judgments, but not affect judgments, are impaired
by changes in surface features of the melodies. From
these results arise a number of empirical and theoretical
issues that will be considered in turn.

The first major conclusion to be drawn from these re
sults is that the affect and recognition tasks reflect the in
volvement of implicit and explicit memory processes,
respectively, as was formerly demonstrated by Seamon
et al. (1995) in the visual domain. The tests satisfy the two
criteria ofretrieval intentionality enunciated by Schacter
and his collaborators (Schacter et aI., 1989). First, the af
fect and recognition tests employed the same study and
test materials, thus providing the same external cues to
subjects in both tasks. Only the instructions varied at test,
with the recognition task requiring intentional retrieval
of the study episode, whereas the affect task did not. Yet,
in each task, a reliable effect of prior study of melodies
could be found on their subsequent treatment. These ef
fects ofprior exposure can thus be attributed to the work
ing of intentional retrieval in the case of recognition and

of implicit memory in the case ofpreferences. Secondly,
as is summarized above, a number of experimental vari
ables were found to dissociate the two forms of memory
effects. In general, the memory effects in recognition were
found to be flexible, in that they could be modulated by
experimental treatments. In contrast, the memory effects
remained essentially fixed in regard to affect. Recognition
memory was found to decline over time (Experiments I
and 2) and to be sensitive to LOPs at encoding and to the
surface match between study and test (Experiment 3). For
preferences, the memory effects remained stable through
out these treatments, with one exception. Insertion of a
month delay between study and test succeeded in reduc
ing the preference bias for the studied melodies to base
line (Experiment 2). In Experiment I, however, insertion
of several months between test and retest did not cancel
out the preference bias. This discrepancy between Exper
iments I and 2 may be related to frequency of exposure,
which was slightly higher in the first experiment. Future
studies should aim at verifying this possibility, since it
concerns the only occasion on which exposure effects
were found to be influenced by task factors.

Altogether, the results suggest that affect judgments
function in an obligatory fashion. This obligatory mode
offunctioning is what should be expected from an implicit
system that operates in a largely unconscious, automatic
mode. In contrast, recognition memory appears flexible
and fits with the notion that it is the product of an adap
tive, controlled system, as is expected from explicit mem
ory. This conclusion is highly consistent with the results
of Johnson et al. (1985), which showed that amnesia
spares the memory effects in affect judgments and re
duces explicit memory recognition for melodies. The
present results extend this neuropsychological dissocia
tion between implicit and explicit memory to neurologi
cally intact subjects.

The experimental dissociations observed here between
the two forms of memory relied on a number of differ
ent variables, of which some-study-test time delay,
LOP-are known to differentially influence implicit and
explicit memory in other domains. Other variables are
somewhat new-familiarity with melodies, study-test
changes in timbre-in that they have not yet been ex
ploited in past research. Accordingly, some ofthe results
provide new converging evidence for the distinction be
tween implicit and explicit memory in the auditory do
main, whereas others, by being divergent from the dom
inant pattern in the literature, raise questions as to the
nature of the memory representations that are tapped by
music preference and recognition. The specific impact of
each manipulated factor will be discussed in turn. In doing
so, we will address the possibility that the memory effects
under study are specific to the musical domain.

Familiarity with melodies was a key manipulation in
the present study. Prior knowledge of the music system
atically dissociated recognition from liking judgments
(Experiments I, 2, and 3). The subjects excelled at dis
criminating studied from nonstudied familiar melodies
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in the recognition task, whereas they liked them equally
in the affect task. This result suggests that affect judg
ments are not governed by explicit retrieval strategies for
the studied material. The pattern was recurrent, emerging
in each experiment involving six different groups ofsub
jects. For the melodies that were unfamiliar preexperi
mentally, the subjects exhibited parallel memory-biased
performance in the two tasks, by an increase in their lik
ing for just those melodies that were presented in the study
phase and by discriminating them from among unfamil
iar distractors of the same style. The fact that the sub
jects displayed parallel exposure effects for the unfamil
iar melodies in both recognition and affect does not
entail that these memory effects have the same origin.
As will be described further below, exposure effects on
the unfamiliar portion of the material were differentially
sensitive to time delay between study and test, to LOPs,
and to timbre changes, depending on the task considered.

The effect of familiarity on preference is probably not
specific to music. The observation that repetition of fa
miliar melodies does not further increase their overall
preference level is consistent with the literature on non
musical stimuli. In general, exposure effects on liking
are maximal after a few presentations and reach a plateau
after about 10 presentations (Bornstein, 1989). This
plateau had certainly been reached with the highly fa
miliar melodies that were selected here as stimuli, although
this plateau had been reached prior to and outside the ac
tual experimental setting. Processing of these melodies
had been a highly practiced activity over the course of
several years, if not decades, since most of these melodies
had been learned during childhood (Peretz et al., 1995).
Thus, a supplementary exercise provided at study in the
laboratory will not result in a noticeable increase in pref
erence, compared with the nonstudied but equally over
learned melodies. However, this preexperimental familiar
ity will lead to an overall preference effect for the familiar
melodies over novel melodies in the experimental set
ting, as observed in the three experiments. Generally, the
subjects liked familiar melodies better than novel ones,
even when the latter benefited from prior exposure in the
experimental situation. This preference bias is similar to
what has been observed for flowers, fruits, and common
names; when these items possess preexperimental repre
sentations, they yield the most robust effects of prefer
ence (see Bornstein for a review). Note, however, that in
none of these earlier studies have familiar and unfamiliar
items been directly compared within the same preference
situation.

Prior knowledge of the melodies may not be the sole
factor responsible for their general preference. Another
plausible factor may be the internal structure of the famil
iar melodies, which had made them ubiquitous to the
French musical culture. It may be the case that the unfa
miliar melodies that we selected on the basis oftheir rel
ative obscurity remained such because they are struc
turally poorer than the familiar melodies.> Accordingly,
the overall preference for familiar melodies may be re-

lated to their greater musicality. For instance, it has been
shown that Western listeners prefer musical stimuli that
are most typical in terms of the tonal structure of their
musical idiom (Cross, Howell, & West, 1983; Smith &
Melara, 1990). Teasing apart the contribution of famil
iarity from musicality on liking judgments should be the
goal of future studies. Inthe present context, it is important
to keep in mind that the unfamiliar (or obscure) melodies
were found to be discriminable in terms oflikability, hence
providing an adequate pool of stimuli with which to study
implicit memory effects for music.

Similarly, in the recognition task, one may ask whether
familiar melodies were better recognized because they
are more musical or because they benefit from more
elaborative encoding due to their preexisting representa
tions. Although we cannot provide a definite answer to
this question, prior studies seem to favor the elaborative
encoding interpretation (Bartlett et al., 1995; Java et aI.,
1995; Peretz, 1996). In Bartlett et al.s study, musicality
was controlled by presenting novel melodies that had been
purposely composed for the experiment and selected for
their matched musicality with the familiar melodies. The
subjects nevertheless recognized the familiar melodies
better than the novel ones. Thus, the memory advantage
for the familiar over the novel melodies appears related
to the existence of prior memory traces rather than to a
putative well-formedness factor. Access and recourse to
efficient elaborative codes, such as verbal labels, were
particularly likely in the present study, because the fa
miliar melodies have been shown to easily evoke verbal
associations in a former study (Peretz et aI., 1995). Ver
bal associations are not the only basis for the familiar
music advantage; the quality ofthe stored representations
for familiar melodies may also confer such a memory
advantage. For instance, it has been demonstrated that
pitch information is more precisely represented in fa
miliar melodies than in novel melodies (Attneave & Olson,
1971; Bartlett & Dowling, 1980; Dowling & Fujitani,
1971). Thus, both the quality of the stored melodic rep
resentations and the availability ofassociative memories
are likely to be responsible for the large memory advan
tage of familiar melodies.

From this account of the familiarity advantage in mem
ory, one would expect that preventing subjects from being
fully engaged at the associative encoding level of the
melodies would result in a reduction of this advantage.
This is precisely what has been observed in Experi
ment 3. The familiar melodies were less well recognized
when the subjects' attention was oriented toward the in
strument on which they were played than when the sub
jects' attention was focused on familiarity at encoding.
This effect of encoding instruction on subsequent mem
ory performance refers to the LOP manipulation that is
widely used in memory research. The conclusions are
very similar to the ones drawn in other auditory domains.
It has been repeatedly shownthat subjects who study words
semantically (e.g., by judging the pleasantness of each
word) or perceptually (e.g., by judging the clarity of the
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pronunciation) recall the studied words encoded seman
tically better (Schacter & Church, 1992; Schacter, Church,
& Treadwell, 1994). This LOP effect on explicit memory
contrasts with its lack of(or weak) influence on (implicit)
word stem completion or word identification (Schacter
& Church, 1992; Schacter, Church, & Treadwell, 1994).
Similar LOP effects have been observed for familiar en
vironmental sounds (Chiu & Schacter, 1995). The pre
sent study extends this principle to the case of melodies.

One apparent difficulty with this account of the ex
plicit memory effects in terms of the use ofabstract codes
is the finding that recognition performance is sensitive to
the perceptual format of the melodies. The subjects bet
ter recognized melodies when they were repeated in the
same timbre as that used at study than when the melodies
were repeated using a different timbre. This effect oftim
bre matching on recognition is problematic, because ex
plicit memory is expected to rely on abstract rather than
surface melodic features. Moreover, neither the material
nor the task demands emphasized the surface aspects of
the melodies. The stimuli were already relatively abstract
by being computer generated while referring to melodic
lines that are normally sung with lyrics. Task demands
required recognition of the melodies, not the instrument
on which they were played (Experiment 3). When in
structions did orient the subjects' attention toward the in
strument characteristics, by requiring an instrument de
cision at study, timbre variations weakened performance
to the same extent as when the subjects did not pay at
tention to this feature when encoding the melodies (i.e.,
when performing a familiarity decision). Thus, consid
eration oftimbre in melody recognition appears to be au
tomatic. However, retrieval oftimbre information appears,
to some extent, to be under conscious control. In a sub
sequent experiment, the subjects were shown to be capa
ble of retrieving, above chance, the instrument on which
the melodies were initially played, even though both en
coding and recognition emphasized melodic over timbre
information.

The ensuing question is why did the subjects pick up
on timbre and use it at retrieval when explicit memory
was probed and not when implicit memory was. The most
reasonable account that we can provide at this stage is
the one offered in the visual domain, where similar ef
fects have been reported (Cave, Bost, & Cobb, 1996;
Seamon et aI., 1997; Snodgrass, Hishman, & Fan, 1996).
By this account, the primary role of explicit memory is
to code the distinctive spatiotemporal context ofa presented
object so as to differentiate it from other, similar objects
in memory. Accordingly, sensory features are stored in
episodic memory along with the object, so as to create
distinctive newly formed associations. Thus, timbre would
be stored as contextual information for the presented
melody, so as to confer to the studied event a distinct
episodic-like quality. Perhaps musical timbre enjoys a
special status in this regard by being one of the few mu
sical attributes that can be used for the purpose ofrecol
lection. By this view, timbre and melody would be com-

puted separately and linked together in episodic mem
ory, so as to provide a unified recollection of the studied
event.

Note, however, that this interpretation derived from
visual studies is at variance with other data gathered in
the auditory modality. Changes in surface features of
words through speakers' voice characteristics have been
shown to impair implicit memory, not explicit memory
(Church & Schacter, 1994; Schacter & Church, 1992),
hence giving rise to the opposite pattern. It may be pre
mature to conclude from this discrepancy that memory
organization differs for verbal and musical domains. One
can conceive how timbre manipulation may succeed in
biasing melody preference. For example, making the tim
bre more relevant to the liking judgments, by singing the
melody in an agreeable voice or in a familiar voice, may
change the results. Thus, the absence ofa timbre effect on
affect may not be absolute but dependent on the rele
vance to the task. On the other hand, the factors that are re
sponsible for the voice-specific effects in implicit mem
ory for words are not yet fully understood. Voice-specific
effects are not found systematically (see, e.g., Schacter,
Church, & Bolton, 1995; Schacter, Church, & Osowiecki,
1994) and are currently the object of intensive work (see,
e.g., Goldinger, 1996; Schacter & Church, 1995).

One final new outcome of the present study concerns
the longevity ofrecognition memory for melodies. Russel
(1987) had already shown that subjects were able to rec
ognize 20 short pieces of modem jazz from among dis
tractors of the same style I week later. As is shown here,
this memory capacity can be extended to 40 melodies and
to a I-month period. It is probable that not all melodies
are evoking the same sense of acute memory, which ap
pears to be distributed on a continuum ofmemory strength.
One interesting avenue for future research is to further
fractionate this memory capacity for melodies into one
component based on conscious recollection of the stud
ied melodies and another based on feelings of familiar
ity, following the current view that recognition memory
judgments involve these two components (Jacoby & Dal
las, 1981; Mandler, 1980; Tulving, 1985). Recollection
is assumed to be an all-or-none retrieval process; success
ful retrieval is expected to lead to a highly confident re
sponse. Familiarity, on the other hand, is conceived as a
continuous process. Both processes would contribute in
dependently to overall recognition performance. Evidence
for this dual process ofrecognition memory should be ap
parent in the ROC curves derived from the application of
the signal detection theory, following Yonelinas (1994).
However, in none of the experiments did we find support
for this view, the curves being most consistent with the in
tervention ofa single process of memory strength. Nev
ertheless, Java et al. (1995) successfully distinguished be
tween these two forms of awareness states in melody
recognition by requiring subjects to classify their recog
nition judgments into remember and know responses
(following Tulvings procedure). Familiar musical themes
evoked mostly remember responses, whereas unfamiliar
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ones were more often associated with know responses. It
would be worthwhile to compare remember and know re
sponses in recognition conditions that are derived from
the present set of studies. By studying the effects of time
delay,ofstudy tasks, and ofstudy-test changes in timbre,
we would be in a position to further qualify recognition
memory for melodies and, above all, to understand bet
ter the nature of the familiarity component underlying its
efficiency.

In summary, we have learned a great deal about the
functioning ofrecognition memory for melodies, but we
still know little about the functioning of the mere expo
sure effect. In line with almost a century ofempirical ob
servations (e.g., Meyer, 1903), the mere exposure effect,
which refers to the increase in liking due to prior expo
sure, was found to be a reliable and robust phenomenon.
Although it is a simple phenomenon to describe and to
induce experimentally, it is less easy to explain. The mere
exposure effect is clearly a memory phenomenon that
can be dissociated from explicit recognition. As a mem
ory phenomenon, the mere exposure effect must depend
on some form ofrepresentation stored between previous
encounters with a melody and the repeated experience
of it. Attempting to identify the nature of these repre
sentations was one ofthe major goals of the present study.
In line with Tulving and Schacter's (1990; Schacter &
Tulving, 1994) proposal and following our previous work
with patients having sustained brain damage (Peretz,
1996),we posited that the initial encoding ofa melody cre
ates, or activates, a representation in a perceptual repre
sentation system that is specific to music. This represen
tation is expected to facilitate its subsequent processing,
which would be attributed by the subject to an increase
in liking. Although the results are compatible with this
view, they do not provide supportive evidence.
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NOTES

1. The analyses performed on the z transform scores obtained in
recognition led to results that were similar to those obtained on the pa
rameters derived from the signal detection theory. This was also the case
of all the other analyses performed on the recognition data in the pre
sent study.

2. An empirical ROC curve can be obtained if, in a single session, we
can collect data that can be interpreted as multiple (hit, FA) pairs, which
is accomplished by asking subjects to rate their experience on an or-

dered scale. The data are interpreted as though the subject was main
taining several response criteria simultaneously. Accuracy can be esti
mated separately for each criterion. If the empirical ROC has a unit
slope on z-coordinates (so that the variances of the underlying distrib
ution are equal), the sensitivity measure will be the same at all criteria.
If the slope ofthe ROC does not equal I, accuracy changes along the de
cision axis. When the unit slope is unwarranted, the index dais the most
adequate (MacMillan & Creelman, 199\). When the slope is close to
unity, dais identical to the conventional d' index.

3. Although these slight variations in familiarity judgments provided
in the study phase were not found to affect the subsequent liking and
recognition judgments in Experiment I when the ratings were re-analyzed
according to each subject's own categorization offamiliarity, we changed
two stimuli so as to make the material as homogeneous as possible
across subjects.

4. Instrument recognition was, however, quite low, as compared with
melody recognition. This may be due to two aspects of the procedure:
(I) Measurements were less fine grained on the instrument task, which
only required a binary forced-choice response (yes or no), whereas the
melody recognition task employed a lO-point scale between the two
choices; and (2) instrument recognition was presented as a secondary
task, conditional on the correct classification of the melody as being
old. Both aspects may have somewhat reduced the sensitivity of the in
strument recognition task to reveal the content of the stored representa
tions of the studied events.

5. We thank Caroline Palmer for having brought this possibility to
our attention.
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