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SPECIAL ISSUE: MUSIC COGNITION AND THE BRAIN

PREFACE

Music is everywhere, We can listen to it in a concert hall, in a music school, in a park,
or simply while shopping or watching the TV. We typically like listening to our preferred style
of music {e.g. Classical or Pop music) and sometimes we enjoy singing in a local choir. dancing
or performing music. Some of us (i.e. professional musicians) are so deeply involved in music
that they decided to make of it their main profession. Interestingly, music is not only ubiquitous
in our Western culture. All known cultures, indeed, share some form of music as well as they
share language. Why music is playing such a relevant role? What are the roots of such a univer-
sal activity? Which cognitive mechanisms and brain structures allow us to perceive and perform
music? And ultimately, why do we have music?

Music Cognition and Neuropsychology of music address these questions. Their goal s to
characterize the way we perceive, remember, create and perform music and to clarify which brain
mechanisms underlie these functionis. The origins of contemporary Music Cognition and Neuropsy-
chology of music can be traced back to the middle of the 20 Century, with the pioneering works of
Meyer (1956) and Francés {1958/1988). Nevertheless, it is only from the Eighties (e.g., see Critch-
ley & Henson, 1977; Deutsch, 1982; Dowling & Harwood, 1986; Sloboda, 1985) that a remarkable
increase of interest in the psychological processes and brain structures involved in music process-
ing is observed. Accordingly, research works on the mechanisms underlying music perception
and performance rapidly multiplied in several laboratories around the world (for reviews, see
Deutsch, 1999; Peretz & Zatorre, 2003). Numerous phenomena in music perception and perform-
ance have been examined, for example, from melody recognition, music expectancies, emotional
processes, to motor planning in piano performance. During the last decade particular attention
has been devoted to the idea that music, as well as other important functions {e.g. language),
may be rooted into biology (e.g. see Peretz & Zatorre, 2003; Zatorre & Peretz, 2001}, This possibil-
ity is supported by converging evidence from Cognitive Psychology of music and Neuroscience.

In'sum, during the Eighties Music Cognition and Neuropsychology of music were treated as
infant disciplines and maybe regarded with a bit of scepticism (“Why should we be interested
In music, given that other mental functions, such as language, are more useful and crucial for
human beings?). However, nowadays the situation is radically different. Music Cognition and
Neuropsychology of music are established disciplines with a precise and ambitious research pro-
gram, established methods to study musical processes, and involving an increasing community
of active researchers in several countries.
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The main goal of this Special Issue of Polskie Forum Psychologicene, aimed particularly to
Polish scientists, but not only, is to illustrate some examples of contemporary research in Music
Cognition and Neuropsychology of music. The authors who contributed to this Special Issue are
well-known cognitive scientists interested in the cognitive processes and brain mechanisms un-
derlying music perception, appreciation, and performance. The diversity of the research themes
proposed is supposed to illustrate the variety and richness of topics that can be encountered
in our field.

The first three contributions are review articles. The article by Clément, Moroni, and Sam-
son describes the different types of sensory and short-term memory for properties of auditory
stimuli {e.g. pitch and loudness), which also play a role in music perception. The authors show
converging evidence from behavioural research and neuropsychology indicating that pitch,
loudness, timbre, and modulated amplitude of a sound are held in separate sensory memory
stores. This evidence supports a modular view of auditory sensory memory. Racette, [Hyde,
and Peretz thoroughly describe the work carried out mostly during the last fifteen years with
arnusic patients (with and without brain damage). The authors particularly focussed on music
recognition processes (i.e. how we recognize and name well-known music). A modular model of
music processing is proposed {see also Peretz & Coltheart, 2003). Fungers” article addresses par-
allels between memory for acoustic details in music and speech. Empirical evidence is reviewed
showing that humans are able to remember global dimensions (e.g. tempo) as well as subtie
relational aspects of music and speech (e.q. rhythim and intensity). The author showed how the
memory of these acoustic details affects the production of music and speech,

The last two articles are detailed reports of recent experimental studies. Thompson and
Russo addresses how the perceived happiness/sadness and meaningfulness of song lyrics is
affected by whether or not they are presented in a musical context, and whether the music is

familiar or unfamiliar to the listener, The reported findings reveal that the perceived happiness/ -

sadness and meaningfulness of lyrics are influenced by some musical contexts, and that mean-
ingfulness of lyrics varies as a function of familiarity with a song. The progressive exposure to
a song leading to higher familiarity is hypothesized to increase the degree to which the music
and the lyrics are integrated in memory. Finally, Khalfa and Peretz are interested in the psy-
chophysiological measures of emotions evoked by music. The relation between the electrodermal
response and emotional valence (i.e. pleasantness) is examined using consonant and dissonant
stimuli in two groups of participants, controls and anhedonics (i.e. individuals who fail to experi-
ence sensorial pleasure). The results are consistent with the idea that the electrodermal response
is sensitive to valence.

Simone Dalla Bella

Kazimierz Wielki University in Bydgoszcz, Poland
University of Finance and Management in Warsaw, Poland
October 1, 2004, Bydgoszcz

Correspandence concerning this special issue should be addressed to Simane Dalla Befla,
e-mail: sdallabella@vizja.pl
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MODULARITY IN SENSORY AUDITORY MEMORY

Sylvain Clément, Christine Moroni
University of Lille 3, France

Séverine Samson

University of Lille 3, France

Epilepsy Unit, La Salpétriere Hospital, France

The goal of this paper was to review various experimental and neuropsychological studies
that support the modular conception of auditory sensory memory or auditory short-term
memory. Based on initial findings demonstrating that verbal sensory memory system can
be dissociated from a general auditory memory store at the functional and anatomical
levels, we reported a series of studies that provided evidence in favor of multiple auditory
sensoty stores specialized in retaining either pitch, loudness, timbre or possibly modu-
lated amplitude sounds. Finally, we also presented human data indicating the existence of
a dissociation between auditory sensory memory for spatial and non spatial information.
All these findings are consistent with multiple storage systems that are, to some extent,
independent from one another.

introduction

Auditory sensory memory is defined here as the retention of sensory features of sounds
such as loudness, pitch, spectral composition, and duration. It must be distinguished from the
retention of sound meaning {“a danger is approaching”). This particular memory system has
generally been integrated in classical models of human memory as a "sensory store” providing
the first representation of a just heard stimulus. This initial representation is transitory in nature
(one or two seconds) and is considered as necessary for higher level encoding allowing extraction
of word meaning to be stored in dedicated memory systems.

However, many studies demonstrated the existence of longer sensory traces. Using interfer-
ence paradigm, Deutsch (1970) showed that participants are able to discriminate the frequency
of two pure tones separated by a 5 sec delay. Based on this finding, she claimed that pure tone
frequency can be remembered during 5 seconds in an auditory sensory store. In addition, this
author as well as Massaro {1970) reported that discriminating the pitch of two tones becomes dif-
ficult when the time interval between them is filled by irrelevant distracting tones. This long trace

Correspondence concerning this article should be addressed to Séverine Samson, )
e-mail: severine.samson@univ-fille3.fr

lifetime (at least more than 5 sec) suggests that auditory sensory memory could not be restricted
to the classical “sensory store” which can only held information for one or two seconds.

Further evidence in favour of longer sensory traces has been reported by Harris (1952)
and Wickelgren (1969). These authors demonstrated that the frequency of pure tones could be
maintained in memory for more than 10 seconds. To support this claim, a discrimination task
involving the presentation of two pure tones separated by a silent delay of different duration was
used. The participants had to decide whether the two tones had the same frequency or not, By
collecting performance for different delay durations, these authors have obtained a forgetting
curve which describes the decay of performance when the delay increases. Even if performance
decreased when the delay exceeded 1 sec, the frequency discrimination was still quite accurate
for long delays. As an example, Harris (1952) showed that the mean Just Noticeable Difference
{JND) when thie two tones were separated by a 10 sec delay, was atleast 0.79 % (7.9 Hz). All these
findings suggest that auditory sensory memory can last several seconds.

In the last four decades, an alternative rmode! emerged against this monolithic conception
of auditory sensory memory: According to this model, auditory sensory memory is considered as
a collection of memory registers with different characteristics. This modular conception of audi-
tory memory is supported by several lines of evidence. The aim of this paper is to present the
main arguments in favour of the modular representation of memory by reviewing psychophysical
and neuropsychological studies based on “interference” and “forgetting curve” paradigms.

Psychophysical evidence
Forgetting cuirve studies

Testing modularity in auditory memory can be done by directly comparing the forgetting
rate of different sound attributes. Assuming that two of those attributes (let’s call them @, and a,)
are maintained in separate memory stores, it is then possible that the trace of a, does not fade
away with time at the same rate as the trace of @,. This can be tested using the above-mentioned
“forgetting curve” paradigm to compare the resulting trace decay functions for @, and a,. Such
a comparison must be carried out between two equivalent experimental conditions.

Pitch and loudness. The decay of loudness traces as a function of time has been investi-
gated by numerous authors (Berliner and Durlach, 1973; Berliner et al., 1977; Botte et al., 1992;
Green et al., 1983; Kinchia and Smyzer, 1967; L et al., 1992). Similarly, the temporal decay
of pitch traces has been examined in several studies (Wolfe, 1886: Harris, 1952; Bachem, 1954;
Wickelgren, 1969; Rakowski, 1972). To verify if pitch and loudness are maintained in separate
memory stores, the forgetting curves obtained for each sound attributes were compared with the
same methodology.
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Interfering sounds {optional)
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Figure 1. In typical auditory memory tasks with interference, partictpants b ‘ !

’ (S ng $.) separated by some delay (D) upon one sensory dlmellglon {such as loqdness, pitch,
t(ﬁlbre, dtzlration.,.), Interfering sounds (1) may also pe inserted during the delay being generally
ignored by the participants

As far as we know, Clément et al. {1999) reported the first study to compare the forggttmg
curve of pitch and loudness in the same experiment. However, an aqalysxs of the previously
cited studies led the authors to make the hypothesis that trace decay will be faster fqr loudness
than for pitch. Fach trial was composed of two test tones (S, apd S) separatgd by a silent de\eéy
(from 0.5 to 10 seconds). S, was always different from S, v'wth respect o elt'her pitch or I%U -
ness, depending on the experimental condition, The participant had to decide whether there
was an increment or a decrement of the considered attribute between the two 'test tones. Al-
though four experimental conditions were used in this study, only two of thgm Wlll pe .report.eq
here. The intensity condition consists of pure tones (S, and S, of 1000 Hz) differing in m'te‘nﬂ‘ty.
The sound pressure level (SPL) of S, was randomly selected between 49 and 80 dB SPLto ml'mm'lze
context coding accuracy. The frequency (FREQ-PURE) condition consisted of pure fones dmeggg
in frequency, S, being chosen between 500 and 2090 Hz whereas'the SPL was always 60ddB 80%/.
The physical changes used in this study were individually detgrmmed. They corre§ponde to 80%
of correct responses with 0.5 sec delay measured with an adaptive progedurg allowing comparison
between different conditions. Therefore, similar performance was obtained in all the cond'mons'at
0.5 sec delay providing a reference point for directly comparing the forgetting curyes of 1'nten51-ty
and frequency. The main resuit of this study showed that performance drops faster m‘the‘mtensxty
than in the frequency condition when delay increases from 0.5 to 2 sec as illustrated in Figure 2.

The difference between pitch and loudness with respect to trage decay suppor'ts thg sensory
memory modularily hypothesis, This finding is also compatible with psy;hophyswlogtcal data
{Giard et al., 1995). By studying scalp topographies of mismatch negativity (M{V\N).c_omponent
of auditory event-related potentials (ERPs), the authors showed that a MMN is elicited when

a deviant tone (differing from the standard by one or more features) is presented after some_

repetitions of a standard stimulus. The MMN is supposed to‘ reflect a pre-attentive ghange de-
tection and is considered as a physiological marker of auditory memory (see Schroger, 1997,
for an extensive review). Giard and her colleagues also founq that the MMN source location
depends on the auditory feature that differs between the deviant tqne qnd thg standard one,
at least for the three sound attributes examined in their study (dgratlon, intensity and 'frequen-
cy). 1t seems then that even at the physiological level, one can find some arguments in favour
of a separale storage of pitch and loudness sensation.
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Figure 2. “Forgetting curves” for pitch (condition FREQ-PURE) and loudness (condition INTENS) reported
in Clément et al. (1999)

However, Clément and his collaborators (1999) found that difference between intensity and
frequency conditions disappears when delay was greater than 5 sec showing some kind of pla-
teau. The authors argued that this plateau seems to be ascribed to a context-coding operation
mode described by Braida and Durlach (1988). By using the forgetting curve paradigm, these
authors made the distinction between two memory operation modes. In one mode, called the
“trace mode”, the sensation produced by S, was compared to the sensory trace left by S,.
The accuracy of this sensory trace was supposed (and found) to be high for short delay but to
quickly decrease as a function of delay. In the other memory mode, called the “context-cod-
ing mode”, the subjects compared the symbolic representation of two sounds with respect to
the general context of the experimental session. This symbolic representation can be viewed as
a categorical label attributed to each sound in relation with the general context. For example, a sound
can be [abelled as “one of the louder sound recently heard” or as “average intensity”. This categori-
sation was based on a fuzzy long-term representation of the experimental context (the stimuli range)
providing therefore low accuracy. Since the only thing to remember in this context-coding mode was
a verbal label attributed to S, the accuracy would be constant for long delay. However, Braida and
Durlach assumed that a constant number of categories could be extracted from the context. When
the stimulus range (or the context) was widened, the categories were enlarged and the accuracy
decreased, The authors did an impressive work in developing a highly detailed mathematical model
predicting performance evolution as a function of delay and of size of the context.

Based on this prediction, Clément et al. computed the size of the context for the intensity
and the frequency conditions in the following way. For the intensity condition, the mean threshold
measured at 0.5 sec delay was of 1.8 dB and the intensity roving ranged from 40 to 80 dB SPL.
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The size of the context was therefore relatively small corresponding to 22 units (i.e to 40+1.8=22).
By contrast, the mean threshold of frequency measured at 0.5 sec delay was of 7.4 cents and the
frequency roving ranged from 500 to 2000 Hz (corresponding to a difference of 2400 cents). The
size of the context corresponded to 324 units (i.e 2400+7.4~324), Thus, the context was greatly
wider in the frequency than in the intensity condition explaining the decrease of accuracy in the
frequency task. 1t is therefore plausible that context coding mode may have limited the perform-
ance decay in the intensity but not in the frequency condition.

Another argument proposed later by Clément (2001) to understand the intensity and fre-
quency forgetting cutves was based on a mathematical model of the trace coding mechanism
(Kinschla & Smyzer, 1967). According to this model, the accuracy of the sensory representation
of some stimulus decreased with time as the result of a “random walk” process. This produced
a linear increase of the variance of the representation as a function of time. In line with this mod-
el, performance in the frequency condition reflected only the trace coding accuracy whereas the
performance drop in the intensity condition was limited by the context coding mode. In this case,
the 4’ found in the frequency condition should be well predicted by the trace memory model
whereas a stronger performance drop than the one observed for long delay should be predicted
in the intensity condition. Computer simulations were run to compare the 4’ obtained by the four
subjects examined by Clément and collaborators (1999) in the two conditions with the perform-
ance predicted by the random-walk model of sensory memory proposed by Kinshla and Smyzer.

As displayed in Figure 3, the model made good predictions in the frequency condition. However, it

predicted a greater trace decay than the one measured in the intensity condition emphasizing the
initial interpretation in terms of context-coding mode previously reported (Clément et al., 1999).

) " FREQ-PURE INTENS
AR S LA R R | L L L B S| L LA S AL A L | LA AMLAN RSN SR ML
5C I sC I- LD 7

Delay (s) ‘ Delay (s)

—~&— Data from Clément et al. {1999) -~ Predictions from Kinshla & Smyzer (1967) !

Figure 3. Comparison between the performances from Clément et al. (1999) and predictions made by the
random-walk model of sensoty memory proposed by Kinshla and Smyzer (1967)
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One interesting question about loudness trace, is whether the observed decay of perform-
ance corresponds to a loss of accuracy of the remembered loudness or whether it corresponds to
a systematic drift of the remembered loudness (e.g. the remembered loudness becoming softer
with time). Koester (1945) addressed this issue and found no evidence supporting this last hy-
pothesis. Similarly, the data from Clément et al. (1999) showed no systematic response bias in
FREQ-PURE and INTENS conditions. Therefore the loudness as well as the pitch trace decays
seem to correspond to a loss of accuracy of the trace. This is the original postulate proposed by
Kinshla and Smyzer (1967) and by Braida and Durlach (1988) in their respective model.

The fact that loudness is forgotten faster than pitch suggests that pitch and loudness of
sounds are held in different memory registers, the pitch register allowing a better trace mainte-
nance over time than the loudness register. '

Amplitude modulated sounds and intensity. Most studies investigating auditory senso-
ry memory have used steady tones such as pure ténes or harmonic complex tones. The intensity
of these stimuli remained stable in time. However, the temporal envelope shown by the thick
line in Figure 4 corresponds to the evolution of intensity with time and seems to be essential
in music, speech or environmental sound perception. It is differentiated from the fine temporal
structure illustrated by thin line which corresponds to the carrier of the waveform (Lorenzi et al.,
2000). However, we still know very little about the sensory memory of the temporal envelope
in amplitude modulated sounds.

|
.

Amplitude

] I | |
Time

Figure 4. Waveform of a complex tone. The temporal fine structure of the sound is shown by the thin line
: and its temporal envelope is shown by the thick line
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To address this question, Moroni, Demany and Lorenzi (2004) used sinusoidally amplitude
modulated (SAM) white noises and compared the forgetting rate of various SAM white noises
to the trace decay of intensity sound using a forced-choice discrimination paradigm. Four sub-
jects without any known hearing deficit participated in this study. On each trial, two stimuli
{1.25 seconds) separated by a delay were presented, the delay varying from 0.25 sec to & sec.
Modulation frequency discrimination was assessed for an average frequency value of 8 Hz with
a fixed modulation depth of either 12% or 100%. Intensily discrimination was assessed for an av-
erage level of 75 dB SPL using a modulation frequency of 8 Hz and a 100% depth. In each case,
aroving procedure was employed to minimise the influence of context coding. Initially, frequency
and intensity discrimination thresholds were measured for a delay of 0.25 sec. The corresponding
physical differences (in dB) were presented at six different delays {0.25,-0.5, 1, 2, 4 and 8 sec).
The results showed a significant effect of delay on performance but no effect of sound attributes
{intensity, 100% or 12% modulation frequency) on performance For both intensity and frequency
discrimination using SAM noises, the sensitivity (d’) decreased slowly as a function of delay but
a significant forgetting was noted for 8 sec delay. Taken together, these results suggest that
sensory mermory for AM sounds and intensity resists very well to 4 sec delay. However, they did
not allowed to demonstrate a dissociation between intensity and AM-frequency sensory memory
using a forgetting curve paradigm. Further investigation using for example an interference para-
digrn will be necessary to try to clarify this point.

Interference studies

Pitch and timbre. Most studies examining auditory memory modularity have used the
interference paradigm. In particular, Deutsch {1970) reported several experiments on pitch mem-
ory (for review, see Deutsch, 1999). For instance, she demonstrated that when the distracting
material consists of spoken digits there is no decrement in performance (Deutsch, 1970) indicat-
ing that the frequency of sounds can be retained for more than 5 seconds. This finding as well as
others (e.g., Massaro, 1970) suggest that retention of tonal information seems to be functionally
distinct from the one responsible for processing auditory verbal information since discriminating
pitch between two tones becomes more difficult when the time interval between them is filled by
irrelevant distracting tones than by spoken digits.

Few years later, Deutsch {1972) showed that when the test tones (S, and S,) and the inter-
fering tones (1 tones) were pure tones, the frequency distance between §, and S, influenced pitch
discrimination. in a same/different task with .5, differing from S, by 100 cents, the error rate was
found to be highly dependant on the frequency distance between S, and 1 (S,-I). The error rate
increased from 2% for S,-/=0 cent up to about 35% for §-/=133 cents, and then decreased to
about 10% for the largest frequency distance used in the experiment {200 cents). This selectize

tnterference effect was explained by frequency selective lateral inhibition phenomena in the -

auditory store (Deutsch 1975, Deutsch & Feroe, 1975),

As mentioned above, the pitch comparison was greatly altered when the J tones were pure
tones but it was not affected when 7 sounds were speech. This result can be explained in differ-
ent ways. Firstly, speech sounds might be memorized in a separate memory system as proposed
by Deutsch (1970). However, the effect of the I tones may-also depend on physical similarities
between 7 tones and test tones. Since I spoken sounds are quite different from the S7 and S2

______strona 14

pure tones (in term of spectral and temporal envelope), the interference effect should be mini-
mal. Conversely, the deleterious effect of interference on pitch discrimination should increase if I
tone timbre is very similar to S7 and S§Z pure tones. Finally, it might also be possible that these
interference effects are only determined by pitch similarities between SI and the I tones what-
ever the overall physical similarity of these sounds is. Indeed, the two kinds of 1 tones {spoken
sounds and pure tones) used by Deutsch {1970} not only differed by timbre but they also differed
in pitch leading to different interference effects. in her study, the pitch of the pure tones (S7 and
I tones) varied from 274 Hz to 517 Hz whereas the pitch of spoken / sounds ranged from 90 Hz
(low-pitched male voice) up to 300 Hz {child voice) being therefore inferior to the pitch of pure
tones. It seems therefore possible that the pitch distance between spoken 7 sounds and S7 was
more important than the one between pure / and S tones. In all these cases, the error rate
would be expected to be lower with spoken 7 sounds than with pure / tones, the sensory/verbal
memory dissociation being thus not relevant,

Semal and Demany (1991) have tested this last interpretation. They tried to determine if
pitch similarity could produce interference effects when 1 tones and test tones differ in timbre.
In this study, untrained listeners were instructed to discriminate pairs of pure or of complex
harmohic tones (S, and S,) separated by a 4.3 sec delay during which 1 tones were presented.
The pitch of §, was randomly chosen in a certain frequency range depending of the nature of the
tests tones {pure or complex tones). In half of the trials, S, and S, differed in pitch by +4%.

The similarity between the I tones and the test tones was investigated by manipulating
3 dimensions: pitch, timbre and spectral overlap. The pitch parameter was determined by the
frequency of pure tones or by the fundamenta! frequency of harmonic tones {f,). The timbre pa-
rameter was linked to the spectral envelope of the sounds (pure sounds, series of harmonics with
eventually a missing fundamental). The spectral overlap parameter corresponded to the relation
between the spectral envelopes of the 7 tones and the test tones; it was high when both 7 tones
and test tones had energy in the same frequency region. One can assume that such an overlap
could permit interactions between the two signals at a peripheral level producing backward
masking in the cochlea.

The interference effect due to the I tones was found to be only determined by the pitch
similarity parameter and to be independent from the timbre similarity and from the amount of
spectral overlap. Semal and Demany {1991) concluded that this finding reflects a dissociation
between pitch and timbre in the sensory auditory memory store. Based on these results, one can
wonder if the results of Deutsch (1970) could be attributed to an uncontrolled pitch similarity
problem as proposed Semal and Demany.

Two additional experiments testing this hypothesis were reported by Semal et al. (1996). Their
participants were required to discriminate pitch of two test tones (S , and S,) separated with a 6 sec-
onds delay during which speech or nonspeech interfering stimuli were presented. The nonspeech
I sounds were harmonic complex tones with a flat spectral profile. The speech I sounds were
pitch-controlled monosyllabic spoken words. The two kinds of 7 sounds were matched in terms of
pitch distance to the test tones; A-pitch could be either small (100 cents), medium (+350-550
cents) or large (800-1000 cents). In the first experiment, the test tones were composed of three
equal-amplitude harmonics (rank 1 to 3). The nature of the / sounds (speech vs. nonspeech) was
found to slightly affect discrimination but markedly less than did A-pitch. Performance was bet-
ter when A-pitch was large than when it was small. The second experiment was quite similar to
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the first one except that S, and S, were also speech sounds differing in pitch in half of the trials.

Again, discrimination was disrupted by small A-pitch but the nature of the / sounds produced no ™

significant effect. All these results suggest that the lack of interference effect when spoken I tones
were presenited in Deutsch’s study might be exclusively due to an uncontrolled, large A-pitch in
such conditions. Making pitch comparisons may only involve a pitch-specific sensory store which
seemns “deaf” to timbre (Semal & Demany, 1991; Semat et al., 1996).

The existence of a sensory memory register specialised in the retention of pitch leads to
another question. (s there any other feature-specific memory register? Starr and Pitt (1997)
questioned the existence of an autonomous retention of some timbre dimension with a similar
procedure. In their study, participants had to discriminate two harmonic tones (S, and §,) sepa-
rated by 5 sec delay that could differ in their harmonic composition. The tones were composed
of the fundamenta! frequency (f,) associated with 3 consecutive harmonics. For instance, a tone
could be composed of several sinusoidal components (f, 7Xf,, §Xf, and 9xf)). During the
delay, six interfering tones with constant timbre could be played. These tones were synthesised
in the same way as the test tones, but were chosen at a certain timbre distance from S,. This
distance depends on the harmonic ranks of the three harmonics added to the first spectral com-
ponent of the 1 tones with respect those of §,. Starr and Pitt have also studied the effect of pitch
distance belween the [ and S, tones. The main result was that the effect of interference increased
as timbre distance decreased between [ tones and test tones.

When the pitch of the I tones was similar to the pitch of test tones, timbre comparison was .

slightly better than when they were different. However, when the pitch distance was small (but
not null), titnbre memory was not poorer than when it was large. All-these results combined with
Semal and Demany (1991) findings suggest that pitch and timbre are both held in independent
sensory registers. ' .

pitch and loudness, At least two interference studies on loudness retention can provide
clues about relations between pitch and loudness in sensory auditory memory. The first one
found in Botte et al. (1992, experiment 3) used a loudness comparison task. Two test tones
(S, and S,) were separated with a 3.75 sec delay during which 6 interference tones could be
inserted. There were eight conditions with different configurations for the I tones. These I tones
could be softer or louder than the test tones with decreasing or increasing loudness. Interference
effects were found when some [ tones were louder than S, by at least 6 dB. No interference was
found for [ tones equal or softer than S,. These findings suggest that loudness interference is
not regulated by the same rules as pitch interference, As previously noted, pitch interference is
dependant on pitch distance: a small A-pitch produce more interference than a large one. In
the loudness domain, the deleterious effect of interference increased with loudness but was not
dependent on loudness distance. This dissociation of interference operation mode between pitch

and loudness can be understood if we assume that these two features of tones are held in differ-

ent sensory memory registers.

Semal and Demany (1993) have also studied how interference effects are dependént on the
loudness of the I tones. Once more, the participants were required to discriminate two pure tones
separated by a 4.3 sec delay during which six I tones could be inserted. In the first experiment,
the test tones had a sound pressure level (SPL) of 60 dB SPL and a frequency randomly chosen
around 1000 Hz. The SPL of the [ tones could be either 45, 54, 60, 66 or 75 dB depending on the
condition (conditions 2 to 6, respectively). The frequency of each I tones was randomly selected
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among four values differing by %3% or £6% from the frequency of S,. The condition 1 served as
“baseline” and no I tones were presented during the delay. As expected, the performance was
significantly better in this first condition as compared to the other 5 conditions but no effect of
condition was found for condition 2-6. As opposed to Botte et al. (1992), 1 tones generated the
same amount of interference in all interfering conditions whatever the sound level was.

Semal and Demany also reported a second experiment because their negative results {no
effect of I tone intensity) could be attributed to a floor effect, the performance being very poor
in conditions 2-6. In this experiment, they used harmonic complex I tones. In the conditions 2-4,
the I tones consisted of harmonics 1 to 5 of a fundamental frequency equal to 1/3, £3 or 6% of the
frequency of S,. Thus, the median harmonic (the 3 harmonic) of these tones was near S, but the
pitch sensation was remotely lower, The SPL of the spectral components was 45, 60 and 75 dB in
conditions 2, 3 and 4, respectively. In conditions 5-7, the I tones consisted of harmonics 28 to 32 of
a fundamental frequency equal to 1/30™, +3 or 6% of the frequency of S,. The median harmonic
(the 30" harmonic) was still close to S,. Their fundamental frequency was always below 50 Hz i.e. in
the “infrapitch” domain. Nonetheless, these tones had a very narrow spectral bandwidth {less than
a critical band) so that they evoked a fuzzy pitch sensation near the frequency of S,. More interference
was found in conditions 57 than in conditions 2-4 which is consistent with previous findings (Semal
& Demany, 1991). In conditions 57, the pitch evoked by the I tones was closer to the pitch of S, than
in conditions 2-4. Furthermore, the same SPL values were used in conditions 5-7 and in conditions
2-4. The "loud” I tones (75 dB SPL) were found to produce less interference than “softer” [ tones (45
dB SPL). Although this effect was small, it is surprising considering the results reported by Botte et
al. (1992). Since these interferences seemed to be independent of loudness similarity, Semal and De-
many conctuded that pitch sensory memory may be independent from loudness sensory memory.

Neuropsychological evidence

Whereas experimental psychological studies provide arguments in favour of functional
dissociation between different auditory sensory memory systems based on normal data, neu-
ropsychological findings are used to reveal dissociation between performance obtained in brain
damaged participants indicating that different memory systems depend on specific neural sub-
strates. In the neuropsychological domain, the auditory sensory memory refers to the auditory
short-term memory. However, relatively few studies attempted to probe the neural substrate for
human auditory short-term memory. The goal of neuropsychological investigations is to identify
the cerebral structures underlying auditory short-term memory.

Animal and human data suggest that a specialized neural mechanism exists for audi-
tory short-term memory, and that it is linked to the function of the auditory association cortex
in the superior temporal gyrus. Behavioral studies with monkeys have shown that lesions of the
superior temporal cortex, sparing the primary auditory region, lead to impairments in the abil-

ity to retain auditory information in a delayed matching-to-sample task (Colombo et al., 1990;

Stepien et al., 1960). This deficit appears to be selective to the auditory system, since such
animals do not experience difficulty with similar visual discrimination abiites. Moreover, dam-
age to this region does not lead to generalized auditory processing deficits because basic audi-
tory discrimination ability is retained, even with large bilateral lesions of auditory cortex (Heffner
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& Masterton, 1978; Jerison & Neff, 1953). In human literature, several lines of evidence suggest
that the medial temporal lobe structures can also be involved in auditory short-termm memory. In the
context of this review, we will not give too much emphasis on anatomical structures but we wilt use
the neuropsychological data to support the modularity of auditory short-term memory.

Memory traces

Very few studies investigated the forgetting curves in brain damaged patients. To our
knowledge, no studies really compare the forgetting scores for different auditory aitributes in
patients with cerebral damnage. Wickelgren (1968) examined the patient H.M., who underwent
bilateral hippocampal resection, and who subsequently demonstrated very severe anterograde
amnesia (Scoville and Milner, 1957). H.M.'s pitch retention function showed a normal short-term
decay rate of about 5 sec, but the rate of decay drops after 40 sec or more,

Interference studies
Considering the well established predominance of left hemisphere structures for language,

a deficit in verbal short-term memory is easily predicted after left temporai lobe lesion. This hy-
pothesis found support in a study carried out in patients who had undergone anterior temporal

removal to treat medically refractory epileptic seizures, Foliowing lesions of the left medial tem-.

poral lobe structures, auditory verbal information appears to be rapidly lost when an interfering
verbal task must be performed before recall (Corsi, 1972).

In neuropsychology, most brain lesion and functional imaging studies assessing auditory
short-term memory for tonal information have used melody (Samson & Zatorre, 1988; Zatorre,
1985; Zatorre et al., 1994) or pitch (Alain et al., 2001; Johnsrude et al., 2001: Zatorre & Samson,
1991). In searching for the neural substrates involved in the maintenance of such non-verbal in-
formation in auditory short-term memory, these investigations clearly outlined the importance of
the right anterior neocortical temporal and frontal lobe structures when melodic information was
used. In this paper, we will only report studies using interference paradigm in patients who had
undergone unilateral anterior temporal-lobe resection to control medically intractable epilepsy.

To exainine directly the role of the temporal lobes in auditory retention of tonal materals,
patients with unilateral temporal or frontal lobe lesion were tested in a pitch discrimination
task with or without tonal interference (Zatorre & Samson, 1991). The retention of pitch was
assessed in two conditions, In the experimental condition, which was very similar fo the one
used by Deutsch (1972), subjects had to compare the tonal pitch of two tones separated by
a melodic interference pattern. In the control condition, there was a silent interval between the

tones without any interference, In each condition, half of the trials were composed of same itemns, _

and the other half consisted of different items. When the tones differed, the comparison tone was al-
ways of a higher pitch than the test tone. Deficits in discriminating the pitch of two tones separated
by distracting materials was predicted after damage to the temporal neocortex on the right side.
Results indicated that there was no significant deficit in any patient group on the con-
trol task. However, retention of pitch in the presence of interference was impaired in patients
with right but not left temporal lobe lesion. The deficit was not related to the extent of the
lateral neocortical damage since performance was not affected by the additional removal
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of the primary auditory cortex. These data suggest that regions within the human right
temporal lobe are important in maintaining auditory information in a short-term memory
store. This finding is also supported by an animal study (Colombo et al., 1990) reporting
auditory retention deficits in monkeys after bilateral lesions of the superior temporal gyrus
sparing the primary auditory area. Results of patients also showed that lesions involving
the right frontal lobe affect performance on this task suggesting that short-term audi-
tory memory involves a distributed network in which connections between pre-frontal and
temporal cortices serve to maintain information over filled delays (Chavis & Pandya, 1976;
perry et al., 1999). This later interpretation found support in a positron emission tomogra-
phy study measuring cerebral blood flow in normal participants during the performance
of a pitch judgement task (Zatorre et al., 1992). Activation of right frontal site during this
task suggests that specific areas in the right prefrontal cortex play an important role in
maintenance of pitch information, presumably through interaction with secondary auditory

~ cortical regions in the superior temporal gyrus. The lateralised nature of the deficit obtained in

this study is compatible with a large body of evidence suggesting a privileged role for the right
cerebral hemisphere in certain aspect of processing musical sounds (Milner, 1962; Samson
& Zatorre, 1988; Sidtis & Volpe, 1988; Zatorre, 1985). In this investigation, we also noted that
the deficit was not exacerbated by extensive resection of the hippocampal region (or medial
temporal lobe structures) in comparison with limited resection of this region. Therefore, it
seems that hippocampal structures are not primarily involved in this memory task.

Based on these results, we predicted that the ability to retain tonal pitch in the context of
a short-term memuory task does not rely on the integrity of hippocampal regions. Evidence in fa-
vor of this hypothesis was provided by data obtained in epileptic patients with unilateral medial
temporal lobe damage (Samson, 1999). Patients presenting unilateral hippocampal damage
(atrophy) documented by MRI were tested at La Salp@triere Hospital before brain surgery with
the paradigm previously described. Results showed that performance of subjects with right or
left medial temporal lobe damage (associated to hippocampal atrophy) did not differ from the
normal data nor from the patients who had undergone a left temporal lobectomy in the previous
study (Zatorre & Samson, 1991). This finding suggests that hippocampal dysfunction does not
seem to affect short-term retention of pitch, which seems to depend mainly on the anterior
neocortical association areas of the right temporal lobe.

Another dissociation between different short-term memory systems has also been re-
ported in the literature. Recent studies with normal participants revealed a functional dis-
sociation between short-term memory for auditory object and sound localization (Anourova
etal,, 1999; Clarke et al., 1998). In human neuropsychology, there is only one study (Lancelot
et al., 2003) to our knowledge that investigated auditory short-term memory for spatial and
non-spatial information in brain-damaged patients. The few studies reported in the litera-
ture examined auditory-spatial perception (Zatorre et al., 1995; Zatorre & Penhune, 2001).
In Lancelot and al's study, two discrimination tasks were designed to compare short-term
memory for sound localization with short-term memory for sound content with and without
auditory interference. To insure that all participants were able to perceive sound localiza-
tion and sound content, the exact same tasks with shorter inter-stimulus intervals (1S1) were
used. For this purpose, the authors used bird songs as stimuli. The participants sat in a chair
positioned in the center of a horizontal semicircular array with four speakers on the left
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side (-15°-30°,-45°,-60°) and four on the right side (15°, 30°, 45°, 60°), body midline being
aligned to a central position (0°). For each task, conditions with and without interference were
contrasted using the same pairs of stimuli in a different order. Interferences {always different
from target and comparison) consisted of a 2-sec sound made of the juxtaposition of four dif-
ferent bird song excerpts played backwards. In the auditory object discrimination task, the
participant had to answer orally after each trial whether the two bird songs were identical or
different. In the interference condition, the inter-stimulus interval was filled with distracting
bird songs presented from the same loudspeaker. In the sound localization discrimination
task, the participant had to answer whether the two locations were identical or different.
Wwithin a single trial, the exact same bird song was presented twice from either same or differ-
ent loudspeakers. According lo the predictions, patients with unilateral temporal-lobe lesions
were expected to present a dissociation between spatial and non-spatial auditory short-term
memory. More specifically, it was hypothesized that patients with right temporal-lobe damage
willbeimpaired in non-spatial short-term memory involving bird songs whereas patients with ei-
therrightor teft temporal-lobe excisionwill bedisturbed in short-term memory for sound location.
Finally, interfering stimuli were expected to distupt auditory short-term memory as compared to
conditions without interference, particularly in patients with unilateral temporal-lobe lesions.

In keeping with our predictions, patients with right but not left temporal-lobe excision
were inpaired in auditory object discrimination suggesting the predominant role of the right
temporal-lobe structures in short-term memory for the auditory content. This result is supportive
of previous work, suggesting the contribution of right temporal structures in short-term memory
of tonal information, both in lesion {Johnsrude et al., 2001; Samson & Zatorre, 1988; Zatorre
& Samson, 1991) and in iraging studies (Alain et al., 2001; Zatorre et al., 1994). Conversely,
sound localization discrimination was affected by left and right temporal-lobe excision indicat-
ing that both temporal-lobe structures are important in auditory short-term memory for spatial
information. This finding is in agreement with results of a previous lesion study that also dem-
onstrated the role of both left and right temporal-lobe structures in auditory spatial processing
(Zatorre & Penhune, 2001) therefore confirming our hypothesis. By contrast, the same patients
were able to perform the tasks when short 1S1s were used suggesting that the perception of

-sound content and sound localization does not depend on the integrity of the medial temporal

lobe structures or of the ternporal pole. Consequently, this study succeed in demonstrating the
differential role of left and right temporal-lobe structures in the maintenance of spatial and non-
spatial auditory information in short-term memory therefore revealing a dissociation between
the side of the lesions and the nature of the auditory short-term memory deficits.

This result confirms the functional dissociation between short-term memory for auditory ob-
ject and sound localization reported in studies with normal participants (Anourova ef al., 1999;
Clarke et al., 1998). 1t also complements previous neurophysiological reports indicating that
these two types of auditory short-term memory depend on two anatomically distinct networks
{Alain et al,, 2001; Maeder et al., 2001). The differential influence of interference in spatial and
non-spatial auditory short-term memory demonstrated in the present data further reinforces the
presence of such a dissociation. Finally, our results revealed no reliable correlations between
performance in our two discrimination tasks, emphasizing again the idea that spatial and non-
spatial short-term memory depend on separate memory circuits. All of these findings are consist-
ent with multiple storage systems that are, to some extent, independent from one another,

strona 20

Conclusion

In addition to the well established dissociation between auditory short-term memory for
verbal and non verbal information, the results reported in this paper provide psychological and
psychophysical evidence suggesting that distinct sensory memory systems allow to retain pitch,
loudness, timbre and possibly amplitude modulated sounds. Moreover, another dissociation be-
tween short-term memory for auditory object and sound localization has been recently demon-
strated at the functional and anatomical levels. All these findings support a modular conception
of sensory auditory memory (or short-term memory). Such a kind of modularity have also been
proposed by Peretz and Coltheart (2003) in the musical domain. Our modular conception audi-
tory sensory memory can be seen as an intermediate level between the acoustic analysis level
and their musical processing components.
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THE AMUSIAS

Amélie Racette, Krista L. Hyde, Isabelle Peretz
Department of Psychology, University of Montreal, Canada

It is quite recently that the study of the neural bases of music has become a rich and promis-
ing area of research. A key investigation in this field is the study of musical disorders, known
as amusias. In the present review, we will first describe cases of acquired amusia in the pres-
ence or absence of an acquired language disorder. Next, we will present the congenital form
of amusia. This will be followed by a description of a recent model of musical processing,
including a discussion of the possible lateralization of the ‘musical brain’. We will conclude
by presenting the existing methods used to study the amusias.

| ' Introduction

While it is obvious how having a language disorder might deeply affect one's life, it is per-
haps less obvious to surmise how living with a problem in the musical domain may be difficult.
However, music and language share many similar characteristics: both are universal across all
cultures, and are defined by structured codes in auditory and motor modalities, as well as in writ-
ten notation. Moreover, music is sub-served by specific and dedicated neural substrates (Peretz,
2001). In a world without music, one would lose an important affective and social means of com-
munication. Despite the importance of these manifestations, musical disorders, which we refer to
as amusias, have not nearly received as much attention as their language counterparts.

Historically speaking, the existence of amusia has been previously documented on several
occasions. Bouillaud (1865), Proust (1872), Jellinek (1956) and Botez and Wertheim {1959) were
among the first to describe amusic patients. However these studies suffered somewhat from lack
of scientific rigor (see Marin & Perry, 1999 for a review). Just as there are multiple forms of apha-
sia, there exist various forms of amusia. For example, cases of receptive and expressive amusias,
alexias, agraphias, impairments in musical memory as well as instrumental apraxias and rhyth-
mic impairments have all been documented. Currently, amusia is a generic term which serves
to describe both acquired and congenital disorders of music perception, memory, production,
; . reading and writing of music, which cannot be accounted for by any auditory impairment, or
a motor or intellectual deficit (Marin & Perry, 1999).
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The sparse literature on the study of music, as compared fo language for instance, can
be explained by certain inherent difficulties in this area. First, while it is accepted that most
individuals can effectively communicate verbally, read and write, there exists an important vari-
ability in the general population in terms of level of musicat experience. In an attempt to classify
such a musical diversity (Grison, 1972), researchers in the field first concentrated on the study of
musical impairments in musicians, while it is now known that non-musicians also possess musi-
cal abilities, without any prior musical training (see Tillmann, Bharucha, & Bigand, 2000). With
the knowledge that it is possible to be a non-musician with amusia, there has been an increasing
interest in the study of amusia. However, there is still no consensus as to the true definition of
a ‘musician’: is an individual only a true musician when he/she has attained a famed status in
the world of performance or composition, or should the definition also include the musician that
may prefer simply to jam'?. The notion of musical expertise seems to be a fundamental factor
in the study of music since an important degree of cerebral plasticity has been observed with
differing levels of musical experience. For example, several studies have shown that certain
brain areas known to be implicated in musical processing are larger in individuals with greater
musical experience (Pantev et al., 1098; Schlaug, Jancke, Huang, Staiger & Steinmetz, 1995;
schneider, Scherg, Dosch, Specht & Gutschalk, 2002; Pascual-Leone, 2001). Despite these issues,
it is clear that the study of the amusias is important to understanding the neural bases of music.
To this aimn, one key avenue is the comparison of music and language. '

Music and Language

A fundamental question when comparing music and language is whether music rests on
a system originally designed to process fanguage. or whether there exists a specialized systern
dedicated to music. The study of amusia has previously been limited to the study of aphasic patients
(see Marin & Perry, 1999 for a review). In cases where amusia and aphasia are concomitant, the
same impairments will most often be seen in both music and speech. For example, a patient that it
is alexic in language may also have musical reading difficulties (Kawamura, Midorikawa & Kezuka,
2000). The question arises as to whether the same cerebral network is involved in both processes,
or whether they correspond to distinct but adjacent networks. 1t has been shown that music reading
can be selectively impaired (Cappelletti, Waley-Cohen, Butterworth & Kopelman, 2000) or spared
(see Assal, 1073; Signoret, Van Eeckhout, Poncet & Castaigne, 1987 for an example in Braille). The
presence of a double-dissociation between the reading of written language versus the reading of
musical notation suggests that there exists an independent neural network for music reading.

In addition, cases in areas other than reading have been described (see Brust, 2001, for
a review), such as cases of aphasia with no amusia {Basso & Capitani, 1985) or cases of amusia
with no aphasia (Griffiths et al., 1997; piccirilli, Sciarma & Luzzi, 2000). in the present chapter,
we will pay particular attention to the latter case. Among these types of patients, are two classic
ones, Chébaline and IR, each of who have a massive impairment in one of the two systems. De-
spite a cerebro-vascular accident resulting in aphasia, the Russian composer Chébaline was able
to continue to compose highly provocative music (Luria, Tsvetkova & Futer, 1965). In contrast, IR
(Peretz, Belleville & Fontaine, 1997) retained the ability to effectively communicate verbally, but
lost the ability to recognize or produce musical songs that had once been familiar to her,
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Thus, the musical system can be selectively impaired or spared with respect to the verbal
language domain. In this case, the difference between the two domains seems to be in the na-
ture, and not the level, of difficulty. If language and music were to lie on the same continuum of
difficulty, a cerebral lesion should systematicaily affect the more complex domain. While this is
not the case, it is possible that the two domains are independent at a certain level, but associated
at another level. It is therefore essential to compare language and music at similar processing -
levels in order to determine which processes are dissociated and which are shared.

Songs represent a very important means for comparison between language and music,
given that song is comprised of both lyrics and melody. The question arises as to whether songs
might be encoded uniquely in memory, and thus that language and music may be processed
under a unique code. This idea has motivated rehabilitation therapies of language disorders
such as Melodic Intonation Therapy, which utilizes melodic and rhythmic exercises to improve
speech production (Sparks, Albert & Helm, 1974).

In support of an integrated theory of song lyrics and melody (Serafine, Crowder and Repp,

© 1984; Serafine, Davidson, Crowder & Repp, 1986), it has been found that normat subjects have

difficultly to access melody without the aid of any song lyrics. Such an integration of song lyrics
and melody in song memory has also been found in brain-lesioned patients. Samson and Zatorre
{1991) evaluated the ability of unilaterally temporally lesioned patients to recognize both song
lyrics and song melodies. 1t was found that recognition of song lyrics was more difficult following
a left lobectomy. Moreover, the authors also observed that melodic recognition was dependent
on the lyrics with which the melodies were initially learned. These results led the authors to pro-
pose that there exist two distinct codes for song memory: a code where song lyrics and music are
integrated, and a separate code for song lyrics alone.

Steinke, Cuddy and Jakobson (2000) have equally described a patient, KB, who demon-
strates the same pattern of impairments, suggesting that there exists an integrated code in
memoty for songs. Consequent to a cerebral vascular accident (CVA) to the right hemisphere, KB
was unable to recognize instrumental music, while retaining the ability to recognize previously
learned song melodies with lyrics. The authors interpreted such a remarkable preservation of
songs as the result of the retention of song lyrics in memory, which in turn, would facilitate mu-
sical recognition. This result is also consistent with Samson and Zatorre's proposition that there
exists a type of memory for songs where lyrics and music are integrated, and another memory
store for imstrumental music. In this case, KB's problem would have stemmed from an impaired
access to musical memory, while access to song memory was preserved.

Recent results from the study of song in aphasic patients provide further support for the idea
of an integrated code forsong lyrics and melodies (Hébert, Racette, Gagnon & Peretz, 2003; Peretz,
Gagnon, Macoir & Hébert, 2004). Both patients had difficulty to produce song lyrics, whether by
singing or speaking, however, they had no problem to hum the song melody. In this case, there
would exist twoseparatecodes for songs, one for the melody and onefor lyrics, The latter code would
be selectively impaired in the case of expressive aphasia, and would affect both song and speech.

In surnmary, the study of songs represents a unique way to compare music and language in
both normal listeners and singers. It is unfortunate that such few studies have been undertaken
to address these issues. 1t is important to note that all normal individuals possess the ability to
sing. Seng is not an exclusive ability to professional singers, and in future, the study of song
should be addressed more systematically.
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Congenital Amusia ‘what’ pathway), as well as the temporal pathway (the ‘when’ pathway). In perception, as well
, =as in song and in reading, melody and rhythm can be selectively impaired, which demonstrates

In the previous sections, we have described cases of ‘acquired’ amusia, that result con- ; a‘ certain independence (Peretz, 2001). The melodic pathway has a privileged access to the mu-
sequent to a brain lesion. These types of amusias are well known since they were discovered sical lexicon: through this pathway a song can be recognized with greater ease if the melody
in patients who had undergone treatment through the health care system. The existence of an is played without rhythm, as opposed to the case where only rhythm is heard without melody
amusia that is present from birth has recently been termed congenital amusia (Peretz & Hyde, ‘ (Hébert & Peretz, 1997). Moreover, a patient with an impaired melodic pathway is not able to
2003). This type of amusia is not consequent to any cerebral damage and afflicted individuals compensate by way of the temporal pathway in order to recognize a melody (Peretz, 1994).
have normal intelligence and a normal exposure o music. Congenital amusics are unable to rec- 1

ognize or hum familiar melodies, have no sensitivity to dissonance, an ability present in infants ACOUSTIC INPUT

(Trainor & Heinmiller, 1998), and have great difficulty to detect wrong notes in melodies (Ayotte,
peretz & Hyde, 2002). This latter difficulty has been observed in a previous study of the British
population (Kalmus & Fry, 1980). 1t has been estimated that about 4% of the population may be

afflicted with congenital amusia. 7

it is possible that the origin of this amusic disorder may stem from a difficulty in the ability Pitch organization /

to discriminate fine changes in musical pitch (for example, at a semi-tone distance which cor-

responds to two adjacent noteson a keyboard) or smaller. This would explain why amusics have

| problems to perceive, and thus memorize, a melody that employs intervals of one semitone. i Tonal || Interval Contour : / E Acoustict
i Certain amusics are able to distinguish a question from a statement, which differ in terms of ;| encoding analysis analysis s R"Y;hm Meter 1 phonoléziga-[
i a final pitch change (Ayotte, Peretz & Hyde, 2002). 1t is important to nofe that speech employs N sz e e anaysis anabysis | conversion
£ “ pitch intervals that are much larger than in music, and thus explains why amusics showa deficit ¢ N\_ T N\ / T
e ] in musical pitch discrimination while sparing speech intonation. However, this pitch deficit is not - L
‘ }},K specific to the musical domain, but rather 'musically-relevant’, since music is composed of more ; Emoél}m \ Musical Phenological
. subtie pitch variations as compared to speech (Peretz & Hyde, 2003). ecoang >~ lexicon fexicon
h Now that we have reviewed both the acquired and congenital forms of amusia, in the \ / I
next section, we turn to describing a neuro-cognitive model of musical processing. This model ’ -
i presents the various components of musical processing, whereby the failure of one component vocal plan Associative l
1]{‘ {or box) or communication between components (an arrow) may result in an impairment in ' formation mermories
et musical processing ability. tn the case of a patient, a systematic evaluation will reveal at what
‘ point in the model an impairment may lie. in this way, pathologies may be very informative, in i
that their study enables the decomposition of a complex system into its elemental components :
(McCloskey, 2001). SINGING TAPPING SPEAKING

Figure 1. The modular musical processing model of Peretz & Coltheart (2003). An amusia may result consequent

) . to damage to one component {a box) or the flow of i i
A Modular Model of Musical Processing p w of information between components {an arrow)

In order to explain how we recognize a melody, Peretz (1993a) introduced a model where mu-
sical perception and memory are represented in a modular fashion. This model was primarily con-
structed by way of studies on musical recognition, a ubiquitous ability commeon to both musicians
and non-rnusicians alike. Here we present the most recent version of this model {Peretz & Col-
heart, 2003), which has become a general model of musical processing.

Following an acoustic input, which refers to basic perceptual components including fre-
quency, temporal duration, intensity and timbre of sound, we access a musical level of process-
ing. This level is comprised of two principle pathways that will activate melodies stored in
memory. These are the melodic pathway, which is defined by sequential pitch variations {the

The Melodic Pathway

The melodic pathway is comprised of three components: contour, intervals and tonality.
C9ntour is described: as the trajectory of the melodic line, in both ascending and descending
directions. This pattern is stored in working memory as basic information, following the novel
presentation of a melody (Dowling, 1982). Musical contour is similar to intonation, the melody
of language. Several studies of amusic patients have explored to what degree the same process
may.play a role in music and language. It has been found that contour discrimination of music
and intonation (with no verbal component) can both be impaired or spared, which suggests the
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existence of shared mechanisms between language and music (Nicholson et al., 2003; Patel,
Peretz, Traro & Labrecque, 1998). However, as we have previously seen in the case of congenital
amusia, the processing of intonation contour may be spared in the presence of amusia. In this
case, the dissociation would result form a mildly severe impairment in acoustic pitch discrimina-
tion common to both intonation and music.

Studies of brain-lesioned patients and neuroimaging studies of normals, have iltustrated
the role of the right supeiior temporal gyrus in the processing of sequential tonal pitch (Zatorre,
1985; Zatorre & Binder, 2000; Zatorre, Evans & Meyer, 1994). This region seems to be associ-
ated with more frontal structures in the short-term retention of melodic information {Penhune,
Zatorre & Feindel, 1999; Zatorre & Samson, 1991). Since the right hemisphere is specialized in
the processing of pitch, the 'melodic’ amusias should be more frequently observed consequent
to right hemisphere lesions. However, the most often reported amusic cases are seen in patients
with bilateral lesions (Ayotte, Peretz, Rousseau, Bard & Bojanowski, 2000). Thus, it seems that
a lateralization for music is less evident than for language, which is left lateralized (see Demonet
& Thierry, 2001 for a review).

Other than absolute pitch and melodic contour, the critical information that allows for the me-
lodic recognition is the pattern of melodic intervals, the second component of the melodic pathway.
Intervals correspond to the exact distance between any two consecutive notes. Both contour and in-
tervals have been associated with different musical processing modes, each respectively, the global
and local approach. These two processing modes have been distinguished in brain-damaged pa-
tients. In left temporal [obe lesioned patients, only the processing of intervals is affected, while con-
tour discrimination is spared (Liégeois-Chauvel, Peretz, Babai, Laguitton & Chauvel, 1998; Peretz,
1990), while in right lesioned patients, contour discrimination is affected, and interval processing
is also impaired. Thus, the global approach, would precede the local one. In other words, it seems
that contour discrimination serves as an anchorage point for the processing of intervals,

Similarly, a classic study by Bever & Chiarelio (1974), which explored melodic recognition
by way of a dichotic listening task, showed that musicians have a right ear superiority (due to
the left hemisphere), while non-musicians have a left ear advantage (right hemisphere). The au-
thors suggested that this difference may be accounted for by a different type of melodic analysis,
where musicians would use a local approach to contour analysis, while non-musicians would use
a global approach. However, this distinction between processing modes and musical expertise is
not absolute. Musicians are able to employ global contour (Peretz & Babai, 1992) and non-musi-
cians are able to extract local interval changes (Peretz & Morais, 1987).

The third component of the melodic pathway concerns the encoding of musical intervals
by way of Western music 'tonal’ rules. in music, pitch variations generate a determinate scale,

* @ pattern of unequal-spaced pitches that are organized around 5 to 7 focal pitches. Scale tones

are organized around a central tone, called the tonic, and typically a piece of music starts and
ends on the tonic. Among the other scale tones, there is @ hierarchy of importance or stability
where the non-scale tones are the feast related and often sound anomalous. This implicit tonal
knowledge allows any given individual to detect when a musician strikes a wrong note for ex-
ample. Indeed, sensitivity to musical tonality appears very early on in development, since babies
have demonstrated preferences for scales with unequal steps, as in the tonal musical system

(Trehub, Schellenberg & Kamenetsky, 1999). However, this widespread ability may, be lost or
compromised as @ consequence of brain damage.
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1. Peretz (1993b) presents the case of GL, an amusic patient with an impaired ability to use
this type of tonal knowledge, while both the use of contour and intervals as well as the temporal
pathway are preserved. GL suffered from amusia consequent to a bilateral rupture of the middle
anterior cerebral artery. Contrary to normal control subjects, GL had an impaired ability to detect
a wrong note in a melody (Anomalous Pitch Detection), and did not show the typical preference
for tonal excerpts versus atonal excerpts. The classic probe-tone method is another way to evalu-
ate sensitivity to tonality. In this task, the participant has to indicate whether the final (probe)
tone is congruous or not with the preceding tonal context. Next, a profile based on the context
is generated as a function of each final tone judgement (Krumhansl, 1990). GLs profile was not
as expected since he showed no preference when the final tone was indeed congruous. Another
amusic case, MS presenting the reverse dissociation, serves to evidence the independence of
tonal processing within the mielodic route (Tramo et al., 1991). Despite impaired pitch perception
consequent to a bilateral CVA, MS retained the ability to use the tonal system.

In summary, an amusia due to an anomaly in the melodic pathway can affect pitch process-
ing at various levels {contour, intervals, tonality). In this way, music perception is then limited,
as well as access to melodies stored in memory. The processing of pitch variations is associated
primarily (but not exclusively) to right secondary auditory areas.

The Temporal Pathway

The temporal pathway has two levels of organization: meter and thythm. Meter refers to
the periodic alternation between strong and weak beats, whereas rhythm may be described
as the organization of note durations. While Wilson and colleagues (2002) presented the case
of an amusic patient who suffered from both metrical and rhythmic problems after sustaining
a Tight temporoparietal infarct, there is also evidence to show that both thythm and meter can
be selectively impaired in brain-lesioned patients. For example, the posterior part of the superior
temporal gyrus has been found to be implicated in rthythmic perception, whereas the anterior
partis involved in the perception of meter (Liégeois-Chauvel et al., 1998). Thus both.thythm and
meter are independent both anatomically and functionally (Liégeois-Chauvel et al., 1998: Peretz,
1990). However, as compared to the pitch domain, there is a relatively small literature on cases
of patients with temporal deficits.

In production, rhythmic tasks often involve the reproduction of rhythmic sequences, while
a typical metrical task would involve tapping the beat to different musical styles {e.g. disco,
folklore: classical efc.) By way of these types of tasks, cases of dissociations between rhythm and
meter have been described (Polk & Kertesz, 1993). Mavlov (1980) described the case of a profes-
sional musician who had rhythmic difficulties, where he was unable to recognize or.reproduce
thythmic sequences. This type of thythmic impairment, consequent to a left cerebro-vascular
lesion, seems to result in a severe receptive and expressive amusia. Fries & Swihart (1990} de-
scribed the case of a patient with metrical problems. Consequent to a right hemisphere lesion,

1hi§ left-handed patient could no longer tap the beat along with melodies, but did retain the
ability to reproduce rhythmic sequences. )
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In summary, impairments along the temporal pathway can selectively affect either rhythm or
meter, The impact of these impairments are not necessarily specific to musical processing, but can
also affect temporal processing in other modalities (Mavlov, 1980). This view is supported by a recent
theory postutating that the left hemisphere would be preferentially sensitive to rapidly changing tem-
poral information, as in speech, whereas the right hemisphere would be specialized for the process-
ing of fine spectral changes as used in music (Zatorre, Belin & Penhune, 2002). The localization would
no longer be dependent on the domain, but rather the required type of acoustic processing.

The Musical Lexicon

The melodic and temporal pathways give access to the musical fexicon, which comprises all
of the melodies that have been previously heard and allow new representations to be stored in
memory. The recognition of a melody is only possible if there is an adequate matching between
the abstract representation made by both analysis pathways {with a greater importance on the
melodic pathway in our Western musical system) and the representation stored in the musical
lexicon. The musical lexicon is not limited to musical recognition. 1t is possible for the represen-
tations stored in the musical lexicon to activate perceptual pathways as well. This is a reverse
pathway from recognition, and occurs when we hear a melody ‘in our head’. This 5o called ‘musi-
cal imagery’, activates brain regions similar to those implicated in musical perception (Zatorre,
Halpern, Perry, Meyer & Evans, 1996). The musical lexicon also plays a role in production, by
activating processes responsible for humming or playing a familiar melody.

According to the model detailed above, an impaired musical recognition system may be due
to a deficit in the access to the musical lexicon despite an intact lexicon (aperceptive amusia), or in
the event of an actual damaged musical lexicon (associative amusia) as in the famous case of CN
(Peretz, 1996). CN showed a selective impairment on tasks requiring the recognition of musical ma-
teral such as familiar or non-farniliar melodies, while she performed as controls in the recognition
of non-musical material such as environmental sounds and song lyrics. In sum, the musical lexicon
is considered the memory component of the modular model of music processing. Any alteration to
this model will compromise the recognition and production {of memory) for familiar music.

Evaluation of the Amusias

Based on the model described above, and with the aim to screen for amusia, a battery of
musical tests has been developed, the Montreal Battery of Evaluation of Amusia (Peretz, Champod
& Hyde, 2003). The battery involves six tests which correspond to the components in Peretz {1993a)
model. Three of these assess the ability to discriminate changes in melody (by pitch contour,
scale, and interval size), while one tests rhythmic discrimination (by temporal grouping). Both
the melodic and rhythmic tests use a “same-different” discrimination task, with the same set of
novel but conventional sounding music. In a metric task, the subject is asked to decide whether
a heard melody corresponds to a march (binary meter) or a waltz {ternary meter). The final test is
an incidental memory task, where the subject must decide if a melody corresponds to one heard
previously or not. '
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The MBEA has served as a diagnostic test for musical disorders in brain-lesioned patients
(Ayotte et al., 2000; Liégeois-Chauvel et al., 1998; Peretz et al.. 1997; Peretz, 1994; Steinke et
al., 2001) as well as in congenital amusia (Ayotte et al., 2002; Peretz et al,, 2002). For more
details on the MBEA, it is possible to visit our laboratory website where norms are available
(www.fas.umontreal.ca/psy/iperetz.htmi).

Conclusion

In conclusion, the systematic and relatively recent study of the amusias has revealed that
there exists a neural network for music processing that is independent from that of language. As
we have documented, this musical processing system is very complex, and is composed of multi-
ple treatment components, each of which can be selectively impaired or spared. In this way, the
study of the amusias constitutes one of the richest avenues to better understand the musical brain.
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PERSISTENCE OF PERFORMANCE DETAILS IN MUSIC AND SPEECH

Melissa K. Jungers
Ohio State University, Newark, USA

What aspects of music and speech are retained in memory? How do remembered perform-
ance details influence future performances? This paper focuses on memory for perform-
ance details in music and speech and the influence of these elements from perception to
performance. Listeners form a memory for a sentence or melody that includes timing and
intensity details. These details then influence performance. Musicians persist in the tempo of
a melody they have just heard. They also incorporate details of timing and intensity into
their subsequent performances. Speakers persist in the rate of sentences when they produce
similar sentences. As in music, this persistence extends beyond the global dimension of rate.

Introduction

The orchestra finishes triumphantly and the final notes reverberate in the concert hall. The
audience members applaud and rise to their feet, What is left of that ephemeral sound? What
part of the performance will the listeners keep? Will they walk away humming the tune? Re-
search suggests listeners form a memory for the performance that includes not only the melody,
but also the more subtle dynamics, timing, and nuances of the music. This ability to remember
more than the basic categorical information is not specific to music: a similar ability to remember
performance details is found in the domain of speech. In both domains, these acoustic details
are part of the representation in memory for the melody or sentence. When producing a new
sentence or melody, the listener is influenced by what was just heard. Thus, the music that seems
to float away actually becomes part of the listener’s memory and influences how the listener
performs in the future,

The focus of this paper is on this influence of acoustic details from perception to performance.
Pianists persist in the tempo of a relody they have just heard when they perform a similar melody.
This persistence is not restricted to tempo. Musicians also retain information about meter and tim-
ing and incorporate these details into their subsequent performances. This persistence effect is also
found in the domain of speech. Speakers persist in the rate of sentences when they produce similar
sentences, As in music, this persistence extends beyond the global dimension of rate.

Correspondence concerning this article should be addressed to Melissa K. Jungers,
e-mail: jungers.2@osu.edu



Musical details in performance and perception

Music is composed with specific notes and rhythms, but performers add acoustic features that
are not in the notation. For example, performers may lengthen notes or increase accents. Such sub-
tle acoustic variations are known as performance “expression” and they help listeners to differenti-
ate two performances (Palmer, 1997). These musical nuances relate to the musical structure in an
ordered way. Western tonal music is organized by meler and grouping principles (Cooper & Meyer,
1960, Lerdahl & Jackendoff, 1983). Meter refers to the alternation of strong and weak beats. For ex-
ample, a march notated in 2/4 time will havean alternating strong-weak beat pattern white a waltz
in 3/4 time will foliow a strong-weak-weak beat pattemn. Grou ping refers to pitch relationships and
rhythmic patterns (Lerdah! & Jackendoff, 1983; Cooper & Meyer, 1960). Meter and grouping are
both arranged in a hierarchy, with smatler pitch or rhythmic events nested within larger events.

The fine-grained acoustic details in performance are often tied to this musical structure.
For example, performers typically mark the ends of musical phrases by a decrease in tempo and
dynamics (Henderson, 1936). This performance nuance is known as phrase-final lengthening
and it highlights the importance of the phrase in the musical hierarchy (Lerdahl & Jackendoff,
1083: Palmer, 1996; Palmer, 1997). Performers also use performance features to mark meter. They
perform with increased duration, more legato articulation, and louder accents on events that
align with metrically strong beats than events that align with weak beats (Sloboda, 1983, 1985).
Do these acoustic details interact in performance expression? In a study of musical accents as-
sociated with meter, rhythmic grouping, and melodic accents, meter and rhythm independently
influenced performance expression (Drake & Palmer, 1993). However, the influence of melodic
accent on performance expression depended on the context (Drake & Palmer, 1993).

The connection between performance expression and music structure also influences listen-
ers’ perceptions. In one study, listeners heard performances thal contained one or more perform-
ance cues and judged the intended meter (Sloboda, 1985). The listeners relied on articulation
cues and loudness to choose the intended meter, although some performers did not use loudness
to indicate meter (Sloboda, 1985). Listeners base their judgments on musical expectations. For
example, listeners had difficulty detecting a computer-lengthened event that occurred before
a long duration in a simple rhythm (Drake, 1993). This perceptual error occurred in the same
place in the music at which performers often lengthen events (Drake & Palmer, 1993). Also, when
a computer-generated performance contained a lengthened event at a structurally-expected lo-
cation, listeners were less likely to detect it (Repp, 1992). In another task, listeners judged how

a probe beat fit into a metrical context. Their judgments revealed their implicit knowledge of
metrical structure (Palmer & Krumhansl, 1990). Thus, both performers and perceivers relate fine-
grained performance details to musical structure.

Musical details in memory
performance details shape performance and perception, but are these details remembered
by the listener? When the audience leaves the concert hall humming, what aspects of the per-

formance have they retained in memory? Early perceptual research focused on listeners' abilities
to recognize a tune as the same even when performed by a different instrument or at a different

_....slrona 38

tempo. This idea of perceptual constancy suggests that a basic version of the music is retained,
stripped of the timbre, tempo, and other performance details (Dowling & Harwood, 1986; Large,
palmer, & Pollack, 1995). Thus, a normalized version of the melody remains {Large et al., 1995).

Perhaps listeners do not have memories for performance details because these features are
used only to form the basic pitch and rhythmic categories, but are not retained in memory (Raff-
man, 1993). Raffman (1993) points to research by Siegel and Siegel (1977), that shows trained
musicians do not accurately detect small pitch differences within categories. If trained musicians
have perceptual difficulty with fine-grained pitch differences, surely the average listener does
not retain acoustic details in memory.

However, there is evidence that listeners do remember performance details. In a study of
memory for performance details, listeners with and without musical training were familiarized
with one of two performances of the same short musical excerpt (Palmer, Jungers & Jusczyk,
2001). These performances contained the same pitches and rhythmic patterns, but differed in
articulation, intensity, and interonset interval cues. At test, listeners heard both the original per-
formance from familiarization as well as a different performance of the same melody. Listeners
were required to identify the performance they heard at familiarization. Even though the pitch
and rhythm categories in the two performances were the same, listeners recognized the perform-
ance from familiarization (Palmer et al., 2001).

The Palmer etal. (2001) study demonstrated memory for music performance details in adults.
Listeners with and without formal music training could remember and differentiate performances
based on fine acoustic details, but this result may be due partly to years of exposure to Western
tonal music. To address whether musical acculturation is necessary for memory of musical details,
Palmer et al. (2001) tested 10-month-old infants for performance memory using the same melo-
dies. Infants were first farniliarized with one performance of each melody. They were then tested
with a head-turn preference procedure {Kemler Nelson et al., 1995) on the original and different
performances of the same melodies. Infants oriented longer to the familiar performances during
test, suggesting even infants retain acoustic cues for performances in memory (Palmer etal., 2001).
' In addition to articulation details, musicians retain performance tempi for long periods of
time. For example, musicians can perform an entire movement of a symphony at the same tempo
as previous performances, with very: little variability (Clynes & Walker, 1986; Collier & Collier,
1994). This ability to retain musical timing is not limited to those with musical training. In one
study, nonmusicians reproduced popular songs from memory at tempi very close to the original
tempo (Levitin & Cook, 1996). Also, the participants showed wide tempo variability for songs that
did not have a standard original tempo (Levitin & Cook, 1996).

Speech details in production and perception

Music is not the only domain in which subtle performance variations are produced and
perceived. The element of speech that includes these performance details is known as prosody.
Informally, prosody is the way something is said. Prosody is both a structure that organizes sound
and the suprasegmental features of speech including pitch, timing, and loudness (Cutler, Dahan,
& von Donselaar, 1997). Prosody is also described as the “stress, rhythm, and intonation in spo-
ken sentences” {Kjelgaard & Speer, 1999).
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The prosody of a sentence, including word duration, timing, and intonation, can influence the
= listeners’ interpretation of meaning. Prosody helps to disambiguate grammatically ambiguous sen-
tences. In one experiment, listeners had to guess the meaning of ambiguous sentences read by four
speakers (Lehiste, 1973). Listeners relied on timing and intonation cues and were better than chance
for 10 of the 15 sentences (Lehiste, 1973). In another study, listeners heard syntactically ambiguous
sentences with prosodic emphasis on different words, such as “They are FRYING chickens” and “They
are frying CHICKENS” (Speer, Crowder, & Thomas, 1963), When listeners paraphrased the meaning
for each sentence, their interpretations revealed the influence of the prosodic emphasis (Speer et al..
1993). The acoustic details associated with a speaker’s voice can also aid sentence interpretation
{Nygaard & Pisoni, 1098). Listeners were familiarized with isolated words produced by ten speakers,
When they were later tested for intelligibility of novel words in noise,. they better identified words
spoken by a fainiliar voice than a new voice (Nygaard & Pisoni, 1998).

How does prosody relate to syntax: the grammatical rules for putting words together? In
music, there is a clear connection between performance expression and musical structure, but the
connection between prosody and syntax is not as straightforward. Although prosody often marks
syntax, the relationship between these aspects of speech is not isomorphic (Cutler et al., 1997).
Prosody has its own hierarchical structure (Beckman, 1996). Prosody helps to disambiguate syntax
(Price el al., 1991). In one study, listeners judged the point at which recorded sentences switched
from one ear to the other (Wingfield & Klein, 1971). The sentences contained a phrase that matched
or did not match the intonation of the sentence. The listeners relied on both syntactic form and
prosodic pronunciation to determine the switching point. Wingfield and Klein (1971) argued that
syntax is the primary cue for sentence segmentation, although prosody helps to mark this syntax.

Although past research indicated that listeners use prosody fo interpret syntactically am-
biguous sentences (Lehiste, 1973, Lehiste et al., 1976), several recent papers questioned the
generalizability of this effect outside of the laboratory. In one study, judges rated the intended
meaning of syntactically ambiguous sentences produced by trained and untrained speakers
(Allbritton, McKoon, & Ratcliff, 1996). The trained speakers had amateur or professional experi-
ence in acting or broadcasting. The speakers produced these sentences by reading them within
two different passages that clarified the meaning. Untrained speakers and trained speakers who
were unaware of the ambiguity did not disambiguate the sentences, according to the judges’ rat-
ings. Only the productions by trained speakers who were informed of the ambiguity were judged
to disambiguate the meaning (Allbritton et al., 1996).

Another study of natural speech pitted passage context against sentence prosody (Fox Tree
& Meijer, 2000). To create the stimuli, speakers read and memorized a short passage and then
produced it. The middle sentence was then replaced with a sentence whose prosodic cues fit
or did not fit the context of the passage. Listeners heard the recreated passages and chose the
intended meaning of each passage. Listeners' choices were based on the context and not the
prosody of the embedded sentence. The authors cited this as evidence that prosodic cues are
not usefu! for syntactic disambiguation in a conversational context (Fox Tree & Meijer, 2000).
However, there are several concerns with the experiment that make this conclusion less clear.
For example, the stimuli were created by speakers whose task was to memorize and produce the
passages verbatim. Although this production method is mare natural than reading, the speakers
may not have been using the full range of prosodic cues since their focus was to memorize and
repeat the passage. Also, listeners could rely on the first sentence alone to interpret the passage.
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Additionally, listeners were not instructed to use prosody (or even the middle sentence) to mai(e
their decisions=Although the debate about the use of prosody in syntactic disambiguation contin-
ues, there is evidence that prosody interacts with syntax (Wingfield & Klein, 1971; Lehiste, 1973).

Memory for prosody

Listeners have an amazing ability to understand speech under many conditions. They
understand words spoken by children, men, and women, even though the vocal range is quite
different for these groups. They understand speakers with unfamiliar accents. This human ability
to understand spoken language with widely varying acoustic properties led early researchers to
look for normalization processes. The idea behind normalization is that listeners form a represen-
tation of speech that lacks prosodic details (Pisoni, 1997). Thus, according to this view, timing
and intonation are not part of the memory for a sentence. '

More recent studies suggest that prosody is retained in our memory for language. Sentenc-
es that are presented with the same prosody at learning and test are recognized more accurately
than sentences with different prosody (Speer et al., 1993). Also, listeners use prosodic cues to re-
member syntactically ambiguous sentences (Speer et al., 1993). Extralinguistic information, such
as talker identity and talker rate, help listeners to identify words presented previously (Bradlow,
Nygaard, & Pisoni, 1999). In addition, the presentation rate influences listeners’ memory abilities
for items produced by different speakers. Listeners more accurately recognize items presented at
the same rate from familiarization to test than items presented at different rates (Nygaard, Som-
mers, & Pisoni, 1995). Prosody is incorporated into the memory for language.

Persistence in music

When musicians play in an ensemble and trade the melody from instrument to instrument,
how does the performance of one player influence the performances of the others? Musicians
include expressive nuances in their performances that are not notated in the musical score. Fur-
.ther, memory for music includes these details. How do these fine-grained performance details
influence future performances?

' .One aspect of music that may persist from performer to performer is tempo. In one study,
plar}rsts were instructed to perform one melody at a particular tempo and then a second melody
at either a slower or a faster tempo (Cathcart & Dawson, 1928). Pianists then played the original
melody and tried to reproduce the original tempo, but their tempi drifted in the direction of the
intervening performance tempo (Cathcart & Dawson, 1928). In a review of many studies with
tasks as varied as color perception and weight lifting, Warren {1985) found a more general trend
to explain this drift. Each domain showed a perceptual homeostasis so that perceivers’ critéria
shifted according to the current environmental conditions (Warren, 1985).

More recent research found evidence for persistence of musical tempo {Jungers, Palmer
& Speer, 2002). Trained adult pianists first sight-read two melodies at their preferred Vrate on
ea;h of the following trials, the pianists heard a computer-generated melody and then perfor;ned
a similar melody. The pianists were not instructed to perform at a particular tempo. The compu-
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ter-generated melodies (prime melodies) were blocked by fast {300 ms per eighth-note beat) or
slow (600 ms per eighth-note beat) tempo. Pianists performed slower following the slow prime
melodies than the fast prime melodies. However, their performances did not demonstrate simple
imitation of the performance tempi they had just heard. Instead, the pianists’ tempi reflected
a drift away from their preferred tempo toward the prime melody tempo. Thus, the tempo of the
prime melodies influenced the pianists’ performances of the target melodies.

Although Jungers et al. {2002) demonstrated persistence of tempo in music, their study did
not address other acoustic dimensions. In a set of experiments, Jungers (2003) examined whether
pianists persist in the intensity or the articulation of what they have just heard. The intensity
pattern of a musical performance often coordinates with the strong and weak beats in a given
meter (Sloboda, 1983). Articulation represents the separation between note events and is meas-
ured as the offset time of one event minus the onset time of the next event, so negative values are
staccato {separated) and positive values are legato {overlapping). .

Computer-generated melodies with either binary or ternary intensity patterns served as
stimuli. These prime melodies were produced with either a staccato or a legato articulation
across all note events, unrelated to the intensity pattern. The notated musical stimuli, known
as target melodies, were metrically ambiguous and contained no bar lines or articulation cues.
They could be performed in either binary or ternary meter. The goal of the experiment was to
test whether pianists persist in the performance cues that are structurally-related (intensity) or
structurally-unrelated (articulation) {Jungers, 2003). :

In the experiment, pianists first sight-read two of the notated melodies to assess any bias
for performing in one meter or another. Then on each trial, pianists heard a computer-generated
prime inelody and performed a similar target melody (with a similar number of events and musi-
cal structure). The prime melodies were blocked by meter. Pianists were instructed to concentrate
on the melodies for a later recognition task.

Pianists perfarmed with a more separated style following the staccato than the legato prime
melodies. Thus, pianists persisted in the metrically-unrelated cue of articulation. Pianists did not
show a significant difference in intensity on metrically strong and weak events, although there was
a trend for more intense events on metrically strong beats. However, pianists did incorporate the
meter into their performances. The events that were expected to be more intense (if pianists persist-
ed in the meter from the prime} were instead played with more length. Thus, instead of producing
a strong-wealk intensity pattern for a target melody that followed a binary prime melody, pianists
produced a long-short articulation pattern. Pianists used articulation cues rather than intensity
cues to produce a binary or ternary metrica! interpretation. This means pianists perceived the meter
and persisted in the meter, but they instantiated the meter with different performance cues they
those they had heard in the prime melody. Thus, the pianists’ performances revealed persistence of
metrically-related and metrically-unrelated performance dimensions (Jungers, 2003).

Persistence in speech
When two people engage in conversation, how does the way one person speaks influence

the speech of the other? Do conversation partners persist in the speech patterns of one another?
One aspect of speech that persists is the syntactic form. Listeners who repeated a sentence they

had heard were more likely to use the same syntax from the sentence when describing a picture
{(Bock, 1986). For example, when subjects heard and repeatedsthe passive sentence, “The referee
was punched by one of the fans,” they were more likely to describe a picture with a lightning bolt
and church in the passive form as “The church is being struck by lightning” instead of “Lightning
is striking the church” {Bock, 1986). Such structural priming lasts beyond one or two sentences
{(Bock & Griffin, 2000).

There is also evidence that speech rate persists. in one study, participants heard a recording
of two inale speakers: one at a fast rate and one at a slow rate (Kossiyn & Matt, 1977). Participants
then read a paragraph they were told was written by one of the two speakers. The participants
read the passage faster when they thought the fast-speaking person wrote it. However, the par-
ticipants did not perfectly mimic the rate; their production rates were always slower than the rate
of the fast speaker {Kosslyn & Matt, 1977).

Further evidence for rate persistence was demonstrated by Jungers, Palmer, and Speer
{2002). Participants first read two sentences aloud as a measure of their preferred speech rate.
Next, they heard a prime sentence and then read a written target sentence that was matched
for number of syllables, lexical stress pattern, and syntactic structure. For example, participants
heard, “She read the paper in a hurry” and then read aloud, “He smelled the coffee for a mo-
ment” {Jungers et al., 2002). The prime sentences were recorded by a naive female speaker at
slow (750 ms or 80 bpm per accent) and fast {375 ms or 160 bpm per accent) rates. As in the
music task, participants were instructed to attend carefully to the sentences for a later recogni-
tion task. The participants’ rates showed an influence of both the prime rate and their preferred
speaking rate. Although the speakers and the musicians in the parallel task were both influenced
by the prime and preferred performance rates, the speakers were more influenced by the pre-
ferred rate and the musicians were more influenced by the prime rate.

Rate is a global prosodic cue that affects the entire utterance. Do speakers also persist in the
fine-grained prosodic details of sentences they have heard? Jungers (2003) examined whether
prosodic details such as phrase break location and pitch pattern persist in speech. Speech is
produced in phrases, often with a pause at a phrase break location. These phrases make the
sentence meaning clear and correlate with the sentence structure. The pitch-pattern of a sentence
can carry meaning, such as a rising pitch at the end of a sentence in English indicating a ques-
tion. The pitch patterns used in this study occurred at the phrase break locations, but they did
not independently add meaning to the sentence. Thus, the phrase break locations were structur-
ally-related while the pitch patterns were structurally-unrelated.

The experimental stimuli were syntacticatly ambiguous sentences. For example, “Either Brett
or Mike and Kay wilt come to babysit” can be produced with a prosodic phrase break after Brett,
which iinplies that Brett alone or Mike and Kay together will come. This sentence could also be
produced with a phrase break after Mike, which implies that Kay will come and one of the two
men will also come (Jungers, 2003). A naive female speaker recorded four versions of each sen-
tence with an early or late phrase break and two different pitch patterns. The written version of

-each sentence was presented on a computer screen in capital letters without punctuation marks.

’ The participants first read three sentences aloud to assess their preferred prosodic produc-
tion. Then participants listened to a prime sentence and produced a target sentence on each trial.

Trials were blocked by phrase break location. Participants were instructed to pay careful atten-

tion to the sentences for a later recognition task.
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Participants used similar phrase breaks in their target sentences as they had heard in the
prime sentences. They incorporated the structurally-related phrasing cues into their own utter-
ances. The musicians in the parallel task incorporated both structuralty-related {metrical) and
structurally-unrelated cues into their performance. Although listeners did not persist in the spe-
cific pitch pattern of the prime sentences, this may be partly because the participants did not use
the full range of pitch patterns and phrasing. Current research is exploring whether listeners also
incorporate pitch from perception to production,

Why persist?

Recent research demonstrates persistence of performance details in both speech and music.
This persistence is not limited to tempo. Instead, 1t includes structurally-related details such as
meter and phrasing, as well as structurally-unrelated details such as articulation. What is the
advantage of persisting in these performance variations? One possibility is that persistence aids
communication in speech and music. By preducing similar prosodic patterns, conversation part-

" ners may be abie to more quickly understand each other. Speakers adjust their utterances to aid

listeners. For example, speakers add fillers such as “um” and “uh,” that may help to pace the con-
versation (Clark, 2002). Also, special words and phrases suchas “so," “now,” “uh,” and “um” serve
to mark either a Tiew turn or a continuing turn (Fox Tree, 2000). Prosodic persistence may be an-
other way spealers adjust so listeners are prepared for the utterances and can understand easily.

A second possible advantage of persistence is that similar prosodic cues may be easier to
produce because they are already primed in the speaker’s memory. Syntactic persistence effects
in speech have been explairned as a type of implicit learning (Bock and Griffin, 2000). Perhaps
asimilar implicit learning explains persistence of performance cues in musicand speech. Exposure
to a longer stimulus could lead to a stronger memory representation or to greater implicitlearning.

Music and language ~ common mechanisms?

Does the persistence of performatce cues in speech and music stem from common mecha-
nisms? In the study of rate persistence, both musicians and speakers were influenced by their pre-
ferred rate as weil as the prime rate (Jungers, Palmer, Speer, 2002). However, there are differences
in the degree of influence, with the musicians showing greater influence of the prime rate and
speakers showing greater influence of their preferred rate. This differerice may be due to differing
performance expectations. Musicians traditionally perform in an ensemble where the goal is to
synchronize with the conductor and fellow performers. Speakers, on the other hand, are more con-
cerned with presenting a clear message and there is little pressure to speak ata particular rate.

The examination of prosodic persistence of structuraliy-related and structurally-unrelated
cues also revealed a distinction between music and language (Jungers, 2003). The musicians
showed persistence of metrically-unrelated cues, but they persisted with metrically-related cues
to a lesser degree, The speakers persisted in structuraily-related cues, but there was little evi-
dence of persistence for structurally-unrelated cues. This difference may be due to the specific
task or it may point to a more fundamental difference between the domains. '
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There is some evidence for a relationship between prosodic and musical patterns. One study
examined the perception of two “amusic” subjects who had specific music perception impair-
ments due to brain damage (Patel et al., 1998}. The subjects performed a prosodic discrimina-
tion task as well as a parallel music discrimination task with stimuli derived from the language
task. One subject performed well on both tasks while the other subject performed poorly on
both, suggesting a common neural mechanism for interpreting [inguistic and musical prosody
(Patel et al., 1998). Another study showed that classical compositions by French and English
composers differed in rhythmic patterns, paralleling the rhythmic differences between the two
languages (Patel & Daniele, 2003). This study suggests linguistic prosody influences musical
prosody. This connection between prosody in music and speech is unique, since many aspects
of music processing are thought to be specific to music and may be organized modularly (Peretz
& Coltheart, 2003).

The literature reviewed here suggests both commonalities and differences in the persistence
of performance details across the domains of music and speech. Research continues to expiore
this persistence effect and the relationship between music and speech.
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THE ATTRIBUTION OF EMOTION AND MEANING TO SONG LYRICS

William Forde Thompsen, Frank A. Russo
University of Toronto, Canada

We examined the effect of music on the interpretation of song lyrics. Lisleners were pre-
sented with sung lyrics, spoken lyrics, or written poefry, and judged the text fpr_emotlonal
valence and meaningfulness. Experiment 1 revealed that, for some songs, music mﬂ‘uenced
whether lyrics were interpreled as conveying a posilive or negative message. Experiment 2
showed that for familiar music, sung lyrics were judged as more meaningful than thg sarme
lyrics presented as spoken fext, suggesting that personal as;ocialigns or other ;igniflcance
implied by familiar music are attributed to the accompanying lyrlqs. In Expe‘nment 3, re-
peated exposure to unfamiliar songs led to an Increase in the perceived mear)mgfullness of
the lyrics. We raise the possibility that music and lyrics become repre;ented in an increas-
ingly integrated manner with increased exposure and familiarity, allowing greater cross-talk
hetween the two media.

Introduction

Songs involve a strong and complex connection between melody and lyrics. Melody and
lyrics are often coordinated for overall ermotional meaning, points of stress, grouping, expect@ncy
and closure. In some cases prosodic patterns associated with speech influence compositional
choices that are made in creating the melodic and rhythmic aspects of a song. Music performers
may also express emotions by manipulating the same acoustic variables that are manipulated in
emotional speech {for a review, see Juslin & Laukka, 2003).

Although some lyrics are well written, they are not always highly meaningful outside of
a musical context, Yet in the context of a song, they may take on unexpected significance. Mu-
sic invites listeners to search for deeper meaning in lyrics, enhancing the process of serniosis.
Whether silly love songs. indulgent songs about personal growth, or naive political songs, mes-
sages conveyed by lyrics seem richer, more profound, more persuasive, and more emotional
when embedded in a musical context than when read as straight text {Galizio & Hendrick, 1972;
Iverson, Rees & Revlin, 1989; Stratton & Zalanowski, 1994).

Correspondence concerning Lhis article should be addressed to William Forde Thompson,
e-mail: b.thompson@utoronto.ca

This research was supported by a grant to the first author from the Natural Sciences
and Engineering Research Council. We thank Aubrey Litvak for technical assistance.

For example, it is generally agreed that protest movements of the 60's were greatly influ-
enced by folk and folk-rock music of the time. Yet the lyrics of that musie tended to deal with po-
litical and social issues in simplistic ways. They conveyed a vague sentiment for palitical change
but rarely if ever articulated a coherent political framework for bringing about such change. In
an examination of this phenomenon, Galizio & Hendrick (1972) presented listeners with four folk
songs, each of which had or did not have guitar accompaniment. Lyrics presented in the context
of guitar accompaniment were perceived to be more emotionally arousing and persuasive than
lyrics presented without guitar accompaniment, The authors proposed that because music listen-
ing is a pleasant activity, it creates a temporary mood of compliance toward any recommenda-
tions that may be available in an ongoing communication (see also Dabbs & Janis, 1965).

There are three views on the synchronization of words and song. The first is calied assimila-
tion. This position argues that lyrics subserve the music. Assimilationists point out that lyrics are
rarely intended to lead an independent life but, rather, presuppose musical completion. Accord-
ing to Suzanne Langer {1957): when words and music come together in song, music swallows
words... song 15 not a compromise. between poetry and music... song is music. That is, song
lyrics should be interpreted merely as one of the textures of the music.

Another view is independence. n this view, language and music make uneven partners
because whereas language is a full-fledged semiotic system with a definable repertory of signs,
itis not possible for music to be broken down into meaningful units (Benveniste, 1969). Because
music has no identifiable relationship with the semiotics of language, the combination of words
and music is destined to fail as an integrated medium.

A third view is nzeraction. In this view, music and lyrics are partially independent systems
with their own rules, but there is enough overlap between them to allow interaction {Gorlée,
1997; Juslin & Laukka, 2003; Serafine, Crowder & Repp, 1984). More specifically, overlap in the
structural characteristics of prosody and melody might increase the potential for one medium
to influence the interpretation of the other medium. Areas of overlap include expectancy and
closure, connections between prosody and melody, overlap in thythm and grouping, and simi-
larities in overall emotional meaning {for related discussions, see Peretz, Radeau & Arguin, 2004;
Samson & Zatorre 1991: Besson et al., 1998).

Because music is temporally patterned, has syntax, creates expectancies, and has nested
structure, it connotes meaning and significance, even though it typically makes no actual refer-
ence to objects or events in the world. This implied or free-floating meaning might feed into or
spill over onto accompanying lyrics.

Figure 1 illustrates the idea schematically as a trickle-down effect. The Figure illustrates
how music and lyrics have an expressive shape that unfolds over time. Structural attributes of
music such as syntax, rhythm, expectancy, and grouping are often perceived to be meaning-
ful, but their meaning is non-referential. In contrast. the meaning of lyrics relates to definable
referents, Because music implies meaning but does not refer to specific objects or events, this
free-floating meaning may readily becorne attached to accompanying media such as song lyrics,

or film materials.
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T

Music

Implied significance
finds a home

Lyrics

“Welcome to the Hotel California. Such a lovely place”

Figure 1. An illustration of the trickle-down effect, whereby free-floating meaning is attached to accompa-
nying media such as song lyrics

In three experiments, we examined whether music infiuences responses to song lyrics. We first
assessed whether music can manipulate interpretation of the emotional valence of lyrics. We then
assessed whether song lyrics are more meaningfu! and significant when they are embedded in
a mus{cal context than when they are evaluated outside of a musical context. Finally, we examined
the effects of repeated exposure to unfamiliar songs on the perceived significance of the lyrics.

Experiment 1: Judgments of emotional valence

The purpose of Experiment 1 was to examine whether the emotional connotation of spoken
verbal information can be significantly altered when communicated in the context of a song. 1t is
well known that music is often perceived to convey emotional meaning. For example, emotions
conveyed in musical soundtracks significantly influence viewers' interpretation of films (Cohen,
2001; Thompson, Russo, & Sinclair, 1994). The question addressed in this experiment is whether
emotional connotations of music also influence listeners’ interpretations of the emotional mean-
ing of accompanying verbal information.

Method

Participants. Thirty-four participants were recruited from the University of Toronto commu-
nity. Participants were assigned to either a music presentation or spoken presentation condition.
The age and musical training of participants was well matched across conditions. Participants
in the music presentation group included 13 females and 4 males with a mean age of 19.58 years
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(8D = 2.39) and an average of 2.15 years of musical training (SD = 3.23). Participants in the
spoken presentation group included 13 females and 4 males with a mean age of 19.94 years
{§D = 3.21) and an average of 2,09 years of musical training (SD = 3.17).

Stimuli. Four pop songs were selected that had been hits in the 1970’s (all were in the Billboard
Top-100 at some point) but were relatively unknown to our sample of participants in the year 2003.
These songs were: 1. “Friend of the Devil” by the Grateful Dead (1670); 2. “Kodachrome” by Paul Simon
{1973); 3, “still the same” by Bob Seger (1978); and 4. “Sundown” by Gordon Lightfoot (1973). For each
song, we selected a continuous excerpt of lyrics that included one verse and the chorus.

A professional musician/producer, Aubrey Litvak, recorded all lyrics in both the sung and spo-
ken conditions. Performances of lyrics were recorded using a Rode NT-2 microphone routed through
a Yamaha 01V microphone pre-amp into a PC computer running Steinberg Cubase SX. Recordings
were digitized at 44.1 Khz using 24-hit ADA conversion. A rendering of the original musical ac-
companiment to the sung lyrics (e.g., drums, guitar, keyboard) was performed by the musician/pro-
ducer and was recorded using the same setup. The performance of the sung and spoken versions
was mindful of timing - specifically, the onset time of each word was roughly matched across sung
and spoken versions of each lyric. In addition, the RMS levels of all recorded lyrics (singing with
accompaniment and spoken) were matched to within 2dB of maximum and minimum readings.
Four pieces of anonymious poetry from the public domain were selected for the text presentation of
verbal material. The presentation of audio was realized over Sennheiser HD280 headphones. The
presentation of visual text was realized over a computer monitor.

Procedure. Participants in the spoken group rated the valence of both spoken lyrics and
written poetry. Participants in the music presentation group rated the valence of lyrics that were
sung with musical accompaniment as well as the valence of poetry presented as text on the
screen, The trials involving presentations of poetry were identical in spoken and music presenta-
tion conditions and served as an anchor so that ratings could be compared across the two condi-
tions. The presentation of poetry and lyrics within conditions was fully randomized.

Participants were asked to rate the extent to which lyrics and poetry conveyed a positive or
negative message. Responses were made ol a 7-point scale where “1” represented “sad” and
“7" represented "happy”. )

Results and Discussion

Analpha level of .05 was used for all statistical tests. The primary analysis involved compar-
ing ratings of lyrics when they were sung with music to ratings of lyrics when they were spoken.

Figure 2 shows the effects of music on whether the lyrics were interpreted as conveying
a positive or a negative message. The Figure illustrates mean ratings of sung lyrics, spoken lyrics,
and written poetry, and illustrates that music influenced the affective valence of the lyrics in dif-
ferent ways depending on the song. In some cases the music increased the sense that the lyrics
were conveying a positive message, as in Grateful Dead’s Friend of the Devil (song 1) or Paul
Simon's Kodachrome (song 2), but music had no effect for Bob Segar’s Still the same (song 3),
and the opposite effect for Gordon Lightfoot's Sundown (song 4).
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O Spoken Condition
Sung Condition

Mean Valence
N

Basline
(Poetry)

Lyric
Figure 2. Valence ratings for lyrics and poefry (baseline) in the sung and spoken conditions. Standard er-
rors are shown as error bars k

Ratings were subjected to a mixed analysis of variance. The within-subjects variable was
Iyrics with four levels. The belween-subjects variable was presentation mode with two levels
(sung or spoken). The effects of lyrics was not significant, F (3,96) = 1.67, n.s.; that is, the four
lyrics did not differ significantly from each other with regard to perceived valence. There was
a marginal effect of presentation mode such that sung lyrics were on the whole perceived fo be
slightly happier than spoken lyrics, F (1, 32) =3.48,p = .07,

There was also a significant interaction between lyrics and presentation mode, F7 (3, 96) = 4,}5,
p < .01, As seen in Figure 2, whereas some lyrics were judged to be more positive when accompamed
by music, other lyrics were judged to be less positive when accompanied by music. Paul Simon's
Kodachrome is associated with the largest difference between the emotional message conveyed by
lyrics & music (for Tukey's HSD, p<.05). The emotional message conveyed by the lyric; is geng—
ally negative, suggesting that there are limits on what can be achieved in life. This negative tone is
reflected in the mean rafing for the spoken lyrics {the lowest rating among the four spoken lyrics). In
contrast, the music that accompanies these lyrics has a fast tempo (132 bpm), is in @ major mode,
has a syncopated rhythm, and is timbrally bright, thereby conveying a highly positive emotional
message.
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Experiment 2; Judgements of meaningfulness

Experiment 1 illustrated that music can sometimes affect a listener’s interpretation of the
emotional connotation of verbal information. Experiment 2 was conducted to examine whether
music can also influence the perceived meaningfulness of accompanying verbal information.

Method

Participants. Seventy participants were recruited from the University of Toronto communi-
ty. Participants were assigned to one of four lyric presentation conditions: 1) spoken / unfamiliar,
2) sung / unfamiliar, 3) spoken/ familiar, and 4) sung / familiar. The age and musical training of
participants was well matched across conditions. Participants in the spoken / unfamiliar group
included 11 females and 6 males with a mean age of 19.8 years (SD = 2.49) and an average of
2.97 years of musical training (SD = 3.68). Participants in the sung / unfamiliar group included
g females and 9 males with a mean age of 19.4 years (SD = 1.17) and an average of 1.44 years
of musical training (SD = 2.58). Participants in the spoken / familiar group included 11 females
and 6 males with a mean age of 20.0 years (SD = 1.37) and an average of 2.19 years of musical
training (SD = 3.66). Participants in the sung/ familiar group included 16 females and 2 males
with a mean age of 19.8 years (SD = 1.64) and an average of 2.5 years of musical training
(SD = 4.41).

Stimuli. Lyrics were selected, performed and recorded in the same manner as described
in Experiment 1. Poetry was identical to that described in Experiment 1. In addition to the
four pop songs used in Experiment 1, Experiment 2 included four additional songs from the
same musical genre: 1) “Here Comes the Sun” by the Beatles (George Harrison, 1969); 2)
“Hotel California” by the Eagles (Don Henley & Don Felder, 1976); 3) “Wild World" by Cat Stevens
(1970): and 4) “Yesterday” by the Beatles (Iohn Lennon & Paul McCartney, 1965). Unlike the
songs used in Experiment 1, these other songs were familiar to listeners. Lyrics selected from the
four songs used in Experiment 1 were referred to as unfamiliar and lyrics selected from the new
songs introduced in Experiment 2 were referred to as familiar.

Procedure. Listeners provided ratings of meaningfulness. Judgments of meaningfulness
were overall assessments of the significance of the lyrics, for examnple, whether the ideas present-
ed are informative, artful, novel, generate strong and multiple associations, and are persuasive.
Ratings were made on a 7-point scale where a rating of “1” represented not very meaningful and
arating of “7" represented very meaningful.

After making ratings of meaningfulness, participants in the sung / familiar and sung /
unfamiliar conditions were asked to rate the familiarity of each song (i.e., familiarity prior to ar-
riving at the test session). Familiarity ratings were made on a scale from 1 to 4, where a rating of
1 meant “I've never heard this song before,” a rating of 2 meant, “I think 1 might have heard it
once or twice before,” a rating of 3 meant “1 am somewhat familiar with this song,” and a rating of
4 meant “lamvery familiar with this song.” Mean ratings for familiar songs (M = 3.13, SE = 0.19)
were much higher than mean ratings for unfamiliar songs (M = 1.51, SE = 0.19), F (1, 34) = 36.79,

P < .0001.
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Results and Discussion

The primary analysis involved a 2 x 2 x 4 mixed design ANOVA with familiarity (familiar or
unfamiliar) and presentation mode (sung with music or spoken) as between-subjects variables
and Lyrics (4 levels) as the within subject variable. We were interested in whether ratings of
lyrics when they were sung with music were higher than ratings of lyrics when they were spoken,
Figure 3 illustrates the effect of music on the perceived meaningfulness of lyrics in familiar and
unfamiliar songs. There was a main effect of familiarity on meaningfulness, F (1, 66) = 15.34,
P < .001, with lyrics from familiar songs judged to be more meaningfut (M = 4.05, SE = .27)
than [yrics from unfamiliar songs (M = 3.02, SE = .27). The main effect of presentation mode
was not significant, but there was a significant interaction between familiarity and presentation
mode, FF (1, 66} = 4.84, p < .05, As seen in Figure 3, music enhanced the perceived meaning-
fulness of lyrics only for familiar songs. Separate analyses of data for familiar and unfamiliar
conditions confirmed that there was a significant effect of presentation mode for familiar songs,
F (1, 33) = 6.08, p < .05, but not for unfamiliar songs, F (1, 33) < 1.0, ns.

O Spoken
6 - B Sung

1
2}

Mean Meaningfulness Rating
iny
{

Poetry (Baseline)

Familiar Unfamiliar

Figure 3. Meaningfulness ratings for lyrics and baseline poetry in all conditions of Experiment 2. Standard
errors are shown as error bars

One interpretation of this interaction is that listeners had personal associations with the
familiar music, for example, a particular summer vacation or party. Such personal associations
with the music may have been conflated with the meaning of the lyrics themselves. A second
possibility is that repeated exposure to music caused the music and lytics to be represented in a
more tightly integrated manner, which allowed greater cross-talk or mutual influence between
the two media. A third possibility is that the familiar music was more predictable and therefore
less distracting than the unfamiliar music. That is, selective attention to the meaning of lyrics
may be easier for familiar music than for unfamiliar music.
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1f the first hypothesis is correct - that listeners confuse personal associations with the meaning
of the lyrics — then mere exposure to unfamiliar songs in a neutral lab condition should have no or
little effect on ratings of meaningfulness. Exposing listeners to music should increase familiarity,
but it should not give rise to strong personal associations with that music. If the second or third
hypothesis is correct, then increasing familiarity through mere exposure to songs should lead to an
increase in ratings of meaningfulness. Experiment 3 was conducted to evaluate this possibilily.

Experiment 3: Effects of repeated exposure
Experiment 2 indicated that verbal information is perceived to be more meaningful when it

is expressed in song than when it is merely spoken, but this effect was limited to familiar songs.
Experiment 3 was conducted to evaluate whether the perceived meaningfulness of song lyrics

. increases following increased exposure to the song.

Method

Participants. Thirty-seven participants were recruited from the University of Toronto com-
munity. Eighteen participants rated the lyrics of the unfamiliar song set after no previous expo-
sure (no-exposure group); nineteen different participants rated the lyrics of the unfamiliar song
set after repeated exposure to the songs {repeated-exposure group). Data for the no-expostire
group were the same as those described for the unfamiliar sung condition in Experiment 2.

Participants in the no-exposure group are described in Experiment 2. Participants in the
repeated-exposure group were welt matched to the latter group, and included 15 females and
4 males with a mean age of 19.42 years (SD = 2.34) and an average of 2.45 years of musical
training (SD = 3.24).

Procedure. Listeners provided ratings of meaningfulness, as in Experiment 2, In the expo-
sure phase, listeners read magazines or books while the unfamiliar music samples were played
repeatedly in blocked random order in the background. In total, each participant was exposed to
five repetitions of each song prior to the test trials.

Stimuli. The lyrics presentation was identical to that described for the unfamiliar sung
condition of Experiment 2. Visually presented poetry was also presented to hoth groups as an
anchor for their other judgments.

Results and Discussion

The primary analysis involved comparing mean ratings of lyrics by the no-exposure and re-
peated-exposure groups. Figure 4 compares ratings of the meaningfulness of lyrics of unfamitiar
music by the no-exposure group (M = 2.94, SE = 0.24) with ratings by the repeated-exposure
group (M = 3.66, SE = 0.23). The Figure illustrates that repeated exposure to the songs led to an
increase in the perceived meaningfulness of the lyrics, ¥ (1, 35) = 4.66. P < .05. In other words,
increasing familiarity through repeated exposure enhanced the perceived significance of lyrics.
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Figure 4. Ratings of the meaningfulness of the lyrics of unfamiliar music and poetry (baseline) after the first
) exposure and after repeated exposure. standard errors are shown as error bars

General Discussion

The results of this study indicate that music influences ’the attribution of meanmgﬁ?nd eenrl;—l
tion to song lyrics. First, Experiment 1 indicated that a musncal.context can mf_luenced eucgzc o
affective valence attributed to accompanying lyrics. Thus, lyrics accompanying ‘sa n; sic ore
tnore likely to be interpreted as communicating a negative message, whe'reas lyn;st ie\a}zcme fs ag)é
ing joyful or happy music are more likely to be interpreted as commqmcatmg a positiv o ricé
second, for familiar songs, listeners attributed greater overall 51gplf1cance and meanmgt yn ;
if they were sung with music than if they were merely spoken. Third, repeated exposure 0 song

increased the perceived meaningiulness of accompanying lyrics. This latter finding contradicts -

the view that the link between familiarity and perceived meaningfulness can be e)t(péaelr;egsir;
irely by personal assocfations. For if this were thg case, one would ngt expect rgpe? Tnesspof e
to unfamiliar songs in laboratory conditions to influence the perceived meaningfu ]
ing lyrics. : '

ﬁCCOﬂ%\ng;);hf;gr gossibilities exist, First, repeated exposure may pl'omqte a more mtzgrr{ated rfgéij
sentation of music and lyrics (Crowder, Serafine & Repp.' 1990; serafme, Crpwde(jr [ 'epp', tum,
Serafine, Davidson, Crowder & Repp, 1086). Stronger mtegrgﬂon of music an lyr_lcs,Fl? Ureé
might allow greater transfer of implied signiﬁcar'lce from'mUS\c to accornpanying yn;skel gto >
illustrates the process. When songs are unfamiliar, musical and verbal textures are y

perceived as somewhat distinct, independent media. The degree of perceived indeperidence will,
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of course, depend on the extent to which the songwriter coordinated common elements of music

dnd speech. On the whole, however, music and lyrics should be perceived as more distinct for
unfamiliar songs than for familiar songs.

-

Increasing exposure

-

Music

Lyrics

Unfamiliar songs
Less integrated

Familiar songs
More integrated

Figure 5. An illustration of the effect of repeated exposure on the degree of integration betweern music and
lyrics. and the attribution of non-referential musical meaning to the accompanying lyrics

With repeated exposure, music and lyrics sound more and more like they “go together” and
this increased integration increases the likelihood that free-floating (non referential) significance
implied by the music will be attributed to the accompanying lyrics through a trickle-down effect
(see also Figure 1), The process may be experienced in the following way: with greater familiar-
ity, the musical texture is increasingly perceived as a fitting dramatic backdrop for the accompa-
nying lyrics, aptly emphasizing, elaborating and clarifying those lyrics and thereby magnifying
their apparent significance.

A second possibility is that ratings of meaningfulness are merely related to the amount of
verbal information extracted from the lyrics. it can be difficult for listeners to understand lyrics in
unfamiliar music because words are sometimes obscured in song, particularly during passages
that involve a fast tempo, dense texture, or large changes in pitch, Repeated exposure to music
may have allowed listeners to hear more of the words in the lyrics. Conversely, listeners may have
found it easier to ignore the accompanying music when it was familiar because familiar music

. is more predictable and requires fewer cognitive resources than unfamiliar music. By increas-

ing the amount of verbal information extracted from the lyrics (the “signal”) and reducing the
potential distraction arising from the accompanying music (the “noise”}, it may have been easier
for listeners to interpret the meaning of the lyrics. In other words, increases in familiarity may be

associated with a higher functional signal (lyrics) to noise (music) ratio, leading to an enhanced
ability to interpret the lyrics.
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Althotigh our study was not designed to disentangle these two hypotheses, the latter pos-
sibility implies that lyrics should be perceived as more meaningful when presented in isolation
than when presented with potentially distracting music (“noise”}. However, we observed the
opposite effect in Experiment 2. Familiar [yrics were perceived as significantly more meaning-
ful when they were sung in a musical context than when they were spolen in the absence of
music. Thus, the effects of familiarity to songs on the perceived meaningfulness of accompany-
ing lyrics cannot be explained solfely in terms of the amount of verbal information extracted
from the lyrics.

To conclude, music can influence whether lyrics convey a positive or negative message,
it can affect the perceived meaningfulness of lyrics for familiar songs, and repeated exposure
to a song increases the perceived meaningfulness of the lyrics. Such effects may occur through
a trickle-down process that is enhanced through repeated exposure to the music.
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ELECTRODERMAL RESPONSES TO DISSONANT AND CONSONANT MUSIC
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Owing to the close relation between music and emotions, autonomic responses to music
have been often studied. In particular, we have previously shown that musical excerpts can
elicit skin conductance responses (SCRs) depending on the level of arousal of the emotion
as expressed by the music. In the present study, we extend the SCR sensitivity to valence,
as conveyed by musical consonance/dissonance. Dissonant music is generally considered
as unpleasant whereas consonant music is generally pleasant. Hence we tested the SCR
to consonant and dissonant excerpts in university students. In order to assess whether the
expected SCR sensitivity to consonance/dissonance is linked to valence rather than to dif-
ferences in musical characteristics, rare individuals having no perceptual deficit but having
difficulties in experiencing pleasure have been included in the experiment. These subjects
who have no psychiatric disorders are known as non-clinical physical anhedonics. Anhedon-
ics are expected to perceive the consonance/dissonance distinction as well as controts but to
exhibit smaller SCR in comparison to normal listeners. The results are consistent with these
predictions in showing larger SCRs to consonant than to dissonant musical excerpts, particu-
larly so in controls. Thus, the resuits are in accordance with the notion that SCR is sensitive
to valence, and not only to arousal in musical settings.

introduction

Emotion is an integral part of music experience. Emotional responses appear to be the primary
reason why people listen to music (Panksepp, 1995; Sloboda, 1991). Indeed, some emotions elicited
by music seem able to modulate physiological responses (e.g., Krumhansl, 1997). In a recent study
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of ours (Khalfa et al., 2002), a measure of the sympathetic nervous system, the skin conductance re-
sponse {SCR), was found to depend on the emotion expressed by the music. The SCRs were larger for
the high-arousal stimuli (happy and scary music) than for the low-arousal stimuli (sad and peaceful
music). In the present study, we focus on another emotional dimension, that of valence.

The valence (or pleasantness) of music is strongly related to its degree of consonance. Listen-
efs often judge consonant music as pleasant whereas they find dissonant music unpleasant. Disso-
nance s related to the ratio in pitch frequencies between successive tones in a melody, or between
simultaneous tones it a chord. When this ratio is complex {as in a minor second), the musical
tones are considered dissonant (Schellenberg & Trehub, 1994). The preference for consonance over
dissonance arises from mechanical constraints in the inner ear (often referred to as sensory dis-
sonance; Plomp & Levelt, 1965), from psychological interpretation {referred to musical dissonance;
Krumhansl, 1990), and from listener's experience {Cazden, 1945). This preference for consonance
over dissonance is already present in infants {Trainor & Heinmiller, 1998; Zentner & Kagan, 1998)
suggesting that this phenomenon may be innate (Trainor & Heinmiller, 1998).

At a neuroanatomical level, it has been shown in a PET study that dissonant and consonant
musical excerpts may recruit brain regions such as prefrontal cortices and the subcallosal region,
which have been previously associated with pleasant and unpleasant emotional states (Blood et al.,
1999), This result confirms the ability of dissonant/consonant excerpts o evoke emotional states.

The degree of pleasantness conveyed by dissonant and consonant melodies can be as-
sessed in subjects’ reports. lts physiological impact is less easy to evaluate. In order to explore
further the autonomic responses related to the emotional reaction to music, we assessed here
whether SCRs are sensitive to the dissonance/consonance dimension in music {including both
sensory and musical dissonance), that is to musical valence.

SCR represents the changes in electrical conductivily of a person’s hand skin related to the
amount of sweat within the eccrine sweat gland. The more sweat, the greater the skin conductance
(Boucsein, 1992). The phasic changes of skin conductance, occurring between 1 and 4 sec after
stimulus onset, are especially sensitive to emotions {Katkin, 1965). The electrodermal activity is
controlled by the sympathetic branch of the autonomic nervous system, through the release of ace-
tylcholine (Millington & Wilkinson, 1983). Via the sympathetic system, the SCR is under the controf of
cerebral structures that are involved in emotion processing, such as the prefrontal cortices (Papousek
& Schulter, 2001), and the orhito-frontal cortex (Tranel & Damasio, 1994) that is known to participate
in valence judgments (e.g., Anderson, 2003; Blood et al., 1999; Tranel & Damasio, 1994). 1t is because
of these neural connections that we expect SCRs to vary according to musical valence.

A further demonstration that SRCs are elicited by emotions {including valence) is to show
that these autonomic responses are attenuated in people who do not experience pleasure or emo-
tions in general. To this aim, we tested rare individuals having no musical deficit but a specific
disorder in experiencing emotions (Ribot, 1896). Those subjects are known as non-clinical physi-
cal anhedonics. Physical anhedonia is a failure in experiencing sensorial pleasure. In pathologi-
cal cases, it may be a symptom of psychiatric disorders such as depression (Klein, 1974) and

- schizophrenia {Bernstein, 1987). In healthy subjects, anhedonia may appear as a personality

trait identified using the Physical Anhedonia Scale (PAS) (Chapman et al., 1976). This scale
measures the judgments of pleasantness for diverse sensory stimulations. ltems include com-
monly pleasurable sights, sounds, smells, tastes, and tactile sensations. There is compelling evi-
dence that anhedonics differ from controls in processing pleasant stimult, and that self-described
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anhedonia is not a self-report response bias (Miller & Yee, 1994). This difficulty in experiencing
pleasure is not due to perceptual disorders, such as deafness, hyperacusia or other similar defi-
cits {Fernandes & Miller, 1995). '

Given their impairment in experiencing pleasure, anhedonics should be less responsive
to the emotional difference between consonant and dissonant music. That is, anhedonics’ SRCs
should be less sensitive to the pleasantness of the music than normal controt individuals. To test
this hypothesis, pleasantness judgment scores as well as the SCR were collected in both controls
and healthy anhedonics while listening to pleasant and unpleasant musical stimuli, that were
the consonant and dissonant versions of the same excerpts. The excerpts were taken from West-
ern classical (consonant) music and modified 5o as to create dissonance by shifting the pitches
of the leading voice by one semitone either upward or downward relative to its accompaniment,
as used in Peretz et al. (2001).

Method
Participants

Participants were selected among 290 university science students, according to their score
obtained on the Physical Anhedonia Scale (PAS) (Chapman et al., 1976). This scale has been
validated in French (Loas, 1993), the native language of the participants. This guestionnaire
includes 61 items that must be rated as false or true. A response reflecting anhedonia gives
1 pointand 0 otherwise. Hence, the higher the score, the more [ikely the participant suffers from phys-
ical anhedonia. According to the literature, a score of 29 and more on the PAS is sufficient to classify
subjects as anhedonics (L.oas, 1995; Lutzenberger et al., 1983). Control subjects were then selected if
their scores were inferior to 10. Eleven anhedonic subjects accepted to participate in the experiment.
However, despite the strong test-retest reliability of the PAS scores (r=0.94, d.f.=22, p<0.001), the
score of one subject changed from 29 on the day of subjects’ selection, to 22 on the day of the experi-
ment. Since the mean scores of the two subjects’ groups are calculated from the data obtained on the
day of the experiment, this subject has been included as anhedonic in the study.

Four out of the 26 participants were excluded because they did not show detectable elec-
trodermal responses (a tinimum of 0.1 microSiemens {uS)) to any one stimulus, The remaining
subjects were aged from 19 to 27 years. Eleven control subjects (7 males and 4 females) with
amean age of 22.9 years (S0 = 2.5) and a mean anhedonic score of 4.5 (SD= 2.8} participated to
the experiment as well as eleven anhedonics, all males, with a mean age of 22.7 years (SD=2.7)
and mean anhedonic score of 34.8 (SD= 5,72). None of subjects were taking medication.

The experiment has been approved by the institutional Ethics Committee of the University Insti-
tute of Geriatric Care of Montreal and was conducted with the fully informed consent of each subject.

Material

Twenty musical excerpts including 10 consonant and 10 dissonant versions of the same ex-
cerpts were used. They were taken from the set employed by Peretz et al. (2001) and shortened
to the initial 7-sec duration. They were computer-generated via a synthesizer and delivered wifh
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a piano timbre. Auditory examples are available at: www.fas.umontreal.ca/psy/iperetz.html. To
ensure that thi2 pleasant and unpleasant excerpts do not differ in [evel of arousal, 9 pilot university
subjects {mean age= 21.7 years, SD= 2.4) judged each of the 20 musical clips, on a 10-point rat-
ing scale from 1 ({relaxing) to 10 (stimulating). A paired t-test performed on the averaged score ob-
tained foreach excerptshowed nodifference (¢=0.72, d.f.=14, p=0.5} between the arousal ratings
for the consonant (mean= 5.63, SD= 0.61) and the dissonant excerpts {(mean= 6.08, D= 0.33).

Electrodermal measures

Skin conductance was recorded from the right hand, with a pair of Ag-AgCl electrodes
(0.8 cm diameter) attached on the palmar surface of the medial phalange of the index and mid-
dle fingers. These electrodes were filled with a 0.050 molar NaCl paste. All recording procedures
followed the recommendations set forth by Fowles et al. (1981). Data acquisition, acoustic stimuli
presentation and quantification were performed using a Coulbourn $71-23 Coupler, and a cus-
tomized program created with InstEP Systems v3.3.

Procedure

The experiment was performed in a quiet room, After skin conductance electrodes were
attached, the subject was instructed to rest quietly during the ensuing 5-min rest period.

Subjects were seated comfortably, asked to avoid moving as much as possible, and to
listen attentively to the 20 musical selections presented through headphones. The excerpts were
presented binaurally in an identical pseude-randomized order for each participant, through
MDR-v200 Sony headphones. Their task was to verbally determine the valence of the stimulus,
on a 10-point scale ranging from 1 (désagréable/unpleasant) to 10 (agréable/pleasant). SCRs
were recorded throughout the task. A microphone system allowed the experimenter to hear and
then write the subjects’ verbal answers,

Each stimulus presentation was folfowed by an interval of at [east 20 seconds to allow for
skin conductance recovery to baseline before the next.stimulus was presented. This inter-trial
interval lasted as long as necessary for skin conductance to regain stability, generally not more
than 30 seconds. After SCR recording, subjects had to fill up the Physical Anhedonia Scale (Loas,
1993). The whole session lasted about 40 minutes.

Data quantification and analysis

The first three stimuli were considered as examples and were excluded from the analysis as
they may have evoked strong orienting component in response to novelty rather than to conso-
nance or dissonance. SCRs and ratings for each excerpt were only considered if control subjects
gave a rating superior to 5.5 for consonant stimuli and inferior or equal to 5.5 for dissonant
stimuli. From the 20 excerpts, only 14 matched these criteria. These 14 stimuli comprised 7 disso-
nant and 7 consonant stimuli. Moreover, given that the SCR decreases with time in most subjects
due to habituation (Dawson, Schell & Filion, 1990), to compare results for the two categories of
musical excerpts, it is necessary to take into account a putative order effect, As the average rank
orders of presentation for the 7 pleasant and 7 unpleasant stimuli are almost similar, with 12.3
and 13 respectively, the habituation effect was controlled.
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SCRs were considered in the analyses when they occurred within a latency window of 1-4 s
following stimulus onset (Venables & Christie, 1980). Maximal amplitude of the SCR elicited by
each stimulus was the electrodermal parameter measured. SCR magnitudes and valence ratings
for the 7 melodies of each category were averaged for each participant. Statistical analyses on
SCRs were performed using non-parametric tests such as the Mann-Whitney, since the Kolmogorov-
Smirnov normality test failed to reach significance. In contrast, ratings were normally distributed.
Hence, mean ratings obtained for each excerpt in term of pleasantness were analyzed witha 2 X 2
analysis of variance (ANOVA) using Population (anhedonics vs controls) as between-subjects factor
and Category (Dissonant vs Consonant) as within-subjects factor. Pairwise comparisons (Bonferroni
test) were performed when the ANOVA tests reached significance (p<0.05).

Results
Valence ratings

The ANOVA yielded a significant main effect of Valence (F(1, 20)= 38.6, p<0.001) and Group
(F(1, 20)= 916, p<0.001) on pleasantness ratings, and the interaction between these two factors
almost reached significance (F(3, 40)= 3.9, p=0.06}. As can be seen in Figure 1, consonant excerpts
were judged as more pleasant than dissonant ones, and controls judged all excerpts as more pleasant.
than anhedonics did. This group difference tends to be especially pronounced for consonant excerpts.
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Figure 1. Means and standard error bars of pleasantness judgerments for consonant and dissonant musical
excerpts, in both anhedonic and control subjects. *** p<0.001
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Valence and group effect on SCR

The representation of SCR in Figure 2 shows that the SCRs average magnitudes correspond-
ing to the conscnant clips were lower in anhedonics than in controls (=30, p<0.05) whereas
no significant difference was demonstrated between the two populations for the dissonant
melodies. It is also shown in this figure that SCRs magnitudes were larger for consonant than for
dissonant excerpts, in control subjects (z=-2.3, p<0.05) but this difference did not reach signifi-
cance in anhedonic subjects.
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Figure 2. Means and standard error bars of SCR magnitudes while listening to consonant and dissonant
musical excerpts, in both anhedonic and control subjects, * p<0.05

Relationships between SCRs, pleasantness judgments and PAS scores

Pleasantness judgments and SCR magnitudes were significantly correlated across the two
groups (r=0.36, d.f.=44, p<.05). This correlation is not due to extreme SCR values {superior to
0.30 u§/cm?); when these are discarded, the correlation is still significant (r=0.34, d.f. =42, p<.05).
The higher the rating score (i.e. the more pleasant the excerpt), the greater the SCR magnitude (see
Figure 3). No significant correlation was found between the SCR magnitudes and the PAS scores,
However, as can be seen in Figure 4, when considering only the responses obtained for the conso-
nant excerpts, pleasantness judgments did correlate with PAS scores (r=-0.75, p<0.001, N=22).
That is, the higher the PAS score, the lower the valence rating for the consonant excerpts,
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Figure 4, Rejationships between physical anhedonia scores and valence ratings for the consonant excerpts

Discussion

The first important result of this experiment is the SCR sensitivity to differences between con-
sonant and dissonant music. This distinction cannot be attributed to arousal differences between
consonant and dissonant excerpts, since we controlled for this factor. Rather, the difference arises
from the differential valence of consonant and dissonant music, as shown by the pleasantness
judgments given by normal subjects. Therefore, SCR amplitude when listening to consonant as
compared to dissonant music seems to reflect a valence effect. This finding contrasts with the lit-
erature where little support is given in favor of a link between SCR and valence (Bradley & Lang,
2000). One possibility is that the arousal dimension is generally more determinant than valence
to elicit SCRs. However, when arousal does not differentiate the stimuli, as it is the case here, then
valence may modulate SCRs. This is all the more likely since pleasantness judgments were found to
be positively correlated with SCR magnitudes in the two groups of listeners tested here.

In support of the notion that SCRs are sensitive to valence is the observation of lower SCRs
to consonant excerpts in anhedonics compared to controls. This result is in accordance with
a previous study on anhedonia showing a decrease in SCR to pleasant stimuli (Rockstroh et al.,
1982) as well as another one showing a trend for SCR to be similar or lower in anhedonia than in
normal subjects (see review of Fernandes & Miller, 1995). As expressed in their ratings of valence,
anhedonics tend to find consonant excerpts considerably less pleasant than controls did. In con-
trast, both anhedonics and controls judged the dissonant music to be unpleasant. Thus, when
pleasure is somewhat attenuated as in anhedonia, SCRs are also decreased. The SCR sensitivity
to dissonance/consonance would be the consequence of the affective appraisal of the music. This
hypothesis is reinforced by the existence of a positive correlation between valence judgments
and SCRs. However, the correlation only explains 13% of the variance. Other mechanisms may
therefore be implicated in the SCR such as lower level emotional processing.

To conclude, our results support the idea that measuring SCR to musical excerpts is an ap-

. propriate means to assess emotional processing elicited by music. In the present experiment, this

autonomic measure proved to vary accotding fo the emotional content of the excerpts, especially
the valence dimension which depends an the musical characteristics of dissonance/consonance.
Further experiments on musical emotions would benefit from the use of SCR measures in conjunc-
tion with brain imaging techniques to deepen our understanding of emotion processing.
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KOMENTARZE

AKTUALNY PEJZAZ PSYCHOLOGH MUZYKI W POLSCE

llona Laslkowska, Maciej Michalak
Instytut Psychologii
Akademia Bydgoska im. Kazimierza Wielkiego

Psychologia muzyki w Polsce ma juz dosy¢ diugg tradycje. Od samego poczatku (okres
miedzywojenny) rozwijata sie niezaleznie od muzykologii. W przeciwienstwie do badaczy hi-
storii muzyki czy ethomuzykologil pierwsi psychologowie muzyki koncentrowali swojg uwage
na zagadnieniach dotyczacych zdolnosct muzycznych i psychologicznych wyznacznikéw deter-
minujacych umiejetno$¢ stuchania i przezywania muzyki. Obszar zainteresowan badawczych
psychologow muzyki w decydujacy sposéb rzutowal na przedmiot badari i dobér metod badaw-
czych. W polskiej psychologii muzyki generalnie dominowal eksperymentalny nurt badawczy,
ktérego korzenie siegaja psychofizyki Fechnera (1860, 1870) { psychoakustyki Hemholtza (1863)
(Manturzewska, Kotarska, 1990), Uwage badaczy pracujgcych w tym paradygmacie zajmowaly
zwtaszcza problemy zwigzane z percepcja poszczegdlnych wiasciwosci dZwieku i struktur aku-
styczno-muzycznych, a takZe zagadnienia dotyczace stuchu muzycznego (np. stuch absolutny),
uzdolnien i osiagnie¢ muzycznych. Badanie uzdolniert muzycznych pociggalo za sobg koniecz-
nos¢ poszukiwania czynnikéw warunkujacych zréZznicowanie indywidualne w tym zakresie,
Progresywny rozwdj badan w ramach nurtu eksperymentalnego doprowadzit do wydzielenia
dwdch niezaleznych dyscyplin naukowych: muzycznej psychometrii i psychoakustyki muzycznej
(ibidem). Celem tej pierwszej jest konstruowanie i standaryzowanie, a w niektorych przypadkach
adaptowanie do warunkéw polskich, obiektywnych i rzetelnych testéw uzdolnien i osiggniec
rnuzycznych, drugiej natomiast prowadzenie miedzy innymi badan w zakresie percepcji dzwie-
kéw, stuchu absolutnego i metodyki ocen stuchowych.

Do grona badaczy, ktérzy wywarli najwiekszy wplyw na ksztaltwspdiczesne] psychologii mu- ‘

zyki w Polsce, zaliczy¢ nalezy: S. Szumana, M, Manturzewska, 1, Horbulewicza, 1. Wierszytowskie-
go, H. Kotarska, A. Rakowskiege i K. Miklaszewskiego (Miklaszewski, Meyer-Borysewicz, 1991).
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Celem Hiniejszego opracowania nie jest szczegétowe omdwienie wszystkich dokonaii psycho-
logii muzyki w Polsce, dlatego teZ skoncentrujemy sie na jej najbardzie] zraczacych osiggnieciach,
ktore staly sie zrédtem inspiracji dla wspéiczesnych badaczy. W gronie osob szczegblinie zastuzo-
nych podkresli¢ nalezy dziatalno$¢ Marii Manturzewskiej, inicjatorki wielu szeroko zakrojonych
programéw badawczych poswieconych problematyce rozwofu muzycznego czlowieka, réZnic
indywidualnych w tym zakresie, uzdolniert muzycznych oraz poszukiwania wyznacznikéw po-
wodzenia w nauce muzyki i zawodzie muzyka {(Manturzewska, 1966, 1969, 1973, 1974, 1987).
Pod koniec lat pie¢dziesigtych pod kierownictwem M. Manturzewskiej powstat miedzyuczelniany
zespdl do badan nad zdolnosciami muzycznymi { metodami ich pomiaru. Wynikiem dziatah tego
zespolu bylo powotanie pierwszych poradni psychologicznych dia szkot muzycznych w Warsza-
wie i Poznaniu oraz stworzenie narzedzia przydatnego podczas rekrutacji kandydatéw do szkdt
muzycznych. Ponadto M. Manturzewska znaczaco przyczynila sig do wdroZenia w warunkach pol-
skich uznanych na $wiecie testéw zdolnosci osiagnie¢ muzycznych, Dzialalnos¢ M. Manturzewskiej
i jej zespolu lokuje sie zZwlaszcza w obszarze psychometrii muzycznej. Warto tu jednak nadmienic,
Ze w swoich licznych badaniach niejednokrotnie siegata do perspektywy rozwojowej.

Kontynuatorkg idei Marii Manturzewskiej jest Barbara Kaminska, ktora obecnie kieruje
Miedzywydzialowa Katedra Psychologii Muzyki w Akademii Muzyczne] im. F. Chopina w War-
szawie. W latach 80. pracowata nad adaptacia polskie] wersji australjskiego testu osiggnig¢ mu-
zycznych dla kandydatéw na studia muzyczne (Kamifiska, 1985b). Jednocze$nie zajmowata sie
przystosowaniem do warunkéw polskich dwéch testow muzycznych dla matych dzieci, pierwszy
autorstwa E. Gordona, drugi A. Zenatti. Od lat 90, prowadzi badania nad rozwojem oraz uwarun-
kowaniami psychologicznymi poprawne] intonacji w $piewte dzieci (Kamirska, 1990). Ostatnie
prace B. Kamiriskiej we wspéipracy z M. Manturzewskg dotycza rozwoju muzycznego cztowieka
jako przedmiotu badan psychologicznych i pedagegicznych (Manturzewska, Kamifiska, 1996).
W obszarze ich zainteresowan miesci sie réwniez problematyka dotyczaca postaw i oczekiwan
miodzieZy w odniesieniu do muzyki w szkole (Manturzewska, Kaminska, 1999).

wérad przedstawicieli drugiego ze wspomnianych przez nas nurtéw badawczych, na pod-
kreslenie zaslugujq dokonania Andrzeja Rakowskiego. Jako jeden z pierwszych badaczy inicjo-
watl i projektowal w Polsce badania W'zakresie psychoakustyki. Jego zainteresowania badawcze
koncentrowaly sie wokot percepcji wysoko$ci dZzwiekaw, organizacji materiatu wysokosciowego
muzyki, wyznaczenia kryterium stuchu absolutnego. PéZniejsze badania prowadzone pod kie-
rownictwem A. Rakowskiego dotyczyly nastepujacych probleméw badawczych: 1) ksztattowania
d#wiekéw podczas wykonywania muzyki {por. Rakowski, Kiuita, Rogowski, 2002); 2) wysokoscl
d#wieku w percepcji muzyki (por, Miskiewicz, Rakowski, Rogozifiski, Kocanda, 2002); 3) barwy
{ brzmienia d#wleku (por. Miskiewicz, 2002); 4) koincydencji wrazen muzycznych i wrazef
wzrokowych (por, Fyk, Graban, Rakowskl, 2002); 5) zagrozenia stuchu towarzyszacego percepgji
sitnych dzwiekow muzycznych (por. Rogowski, Rakowski, Jaroszewski, 2002). Od 2001 roku kie-
rownictwo nad Katedrg Akustyki Muzyczne| przejgl Andrzej Miskiewicz. Pod jego przewodnic-
twem nadal prowadzone sg liczne badania z zakresu psychoakustyki muzycznej, metodyki ocen
stuchowych, wybranych zagadnieni z dziedziny akustyki pomieszczen i akustyki instrumentéw
muzycznych oraz teorii styszenia i problematyki zagrozef stuchu hatasem.

Podsumowujac mozna powledzie¢, Ze najwazniejsze zdobycze psychologii muzyki w Polsce
dotycza nadal nurtu psychometrii muzycznej i psychoakustyki., Poznawcza psychologia muzyki
i neuropsychologia muzyld, tak powszechna na Zachodzie, do tej pory nie znalazta odzwierciedlenia
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w badaniach polskich. Takiego stanu rzeczy nalezy doszukiwac sie w historii psychotogii muzyki
w Polsce, w ktérej mniej miejsca poswigcono kognitywistyce niz nurtom spolecznym czy rozwo-
jowym, Biorac pod uwagg, 7e zachodnia psychologia poznawcza i neuropsychologia muzyki
wyrosta na gruncie nauk poznawczych, prawdopodobnym jest, 7e w Polsce nie znalazia ona
odpowiedniego kontekstu.

Wydaje sie, ze wspéiczesnie Istnieje potrzeba sprowadzenia na grunt polskiej psychologi
nowoczesnych teorii i metod dotyczacych psychologii i neuropsychelogii muzykl. Nowe projekty
badawcze powinny ewoluowa¢ W kierunku poszukiwania funkcjonalnych { neuronalnych pod-
staw proceséw percepdii, komponowania i wykonywania muzyki, czyli tematyki badawczej
aktualnej dla zachodnich przedstawicieli poznawczych i neuropsychologicznych podejs¢ do
psychologii muzyki. : '
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Wstep

Czy czlowiek mozZe mie¢ trudnosci z rozpoznawaniem muzyki? Pytanie, z pozoru oczywi-
ste, nastrecza wiele probleméw definicyjnych. Nalezatoby zatemn wyjasni¢, co rozumie sie pod
nazwg zaburzen w zakresie odbioru tresci muzycznych. Czy niezdolno$¢ odréZnienia oberka od
mazurka, symfonii od choralu, rocka od jazzu mozemy zakwalifikowa¢ do kategorii zaburzen?
Czy moZe problem dotyczy wylgcznie rozpoznawania przebiegdw melodycznych?

Kiedy$ powszechnie uwazanoe, Ze brak zdolnosci do rozpoznawania muzyki zwiazany jest
wylgcznie z niesprawnym narzadem stuchu. Takie zalozenie nie pociagato za sobg koniecznosci
klasyfikowania rodzajow zaburzen. A jak jest dzi$?

Obecnie przyjmuje sie, Ze trudnosci z rozpoznawaniem muzyki moga wystepowac bez
stwierdzonego audiometrycznie uposledzenia stuchu oraz bez deficytow mowy i probleméw
w réznicowaniu dZzwiekoéw niewerbalinych. Niezdolnos¢ rozpoznawania muzyki ogranicza sig do
braku umiejetnosci identyfikowania powszechnie znanych utworéw muzycznych, takich jak na
przyklad Sto lat. Taka dysfunkcja {tzw. agnozja muzyki) jest rodzajem amuzji.

. Gléwnym celen niniejszej publikacji jest zapoznanie czytelnika z problemem amuzji, rozu-
mianym, jako swoiste zaburzenie w zakresie percepcji i produkcji muzyki. Prezentowany artykut
nawigzuje do wspolczesnej koncepcji amuzji, opisanej przez A. Racette i-in. {zamieszczony
yv Fym‘ numerze, artykul 2). Tematem rozwazan uczyniono wyjasnienie kluczowego pojecia,
jakim jest termin ,armuzja”, przedstawienie klinicznego przypadku obrazujqcego zespot symp-
toméw charakterystyczny dla amuzji, oraz modelu teoretycznego wyjasniajgcego ormawiane
zaburzenie, a takZe wskazanie narzedzi sluzacych jego diagnozie.

Istota amuzji
Amuzja jest specyficznym zaburzeniern, odnoszacym sie wylgcznie do dysfunkeji w zakre-

sie p?_rcepcji, pamigci, produkcji, czytania i pisania muzyki, ktére nie jest spowodowane uszko-
dzeniem sluchu ani deficytami intelektualnymi i moterycznymi {Racette i in., 2004). Dotkniete

Adres do korespondencii: llona Laskowska, e-mail: morfeusz@ab-byd.edu.pl

amuzjg jednostki posiadajg normatny iloraz inteligencji. Nie sg natomiast zdolne do rozpozna-
wania, czy nucenia znanych fm melddii oraz nie posiadaja wrazliwosci muzycznej potrzebnej do
identyfikowania Zle brzmiacych nut w melodiach.

wyréznia sie dwa typy amuzji: nabytq i wrodzona. Pierwszy typ jest spowodowany uszko-
dzeniami mozgu zwiazanymi z wylewami, czy wypadkami, ktérych nastepstwem sa uszkodzenia
zwlaszcza plata skronfowego. Amuzja nabyta moze pojawi¢ sie na kazdym etapie zycia cztowie-
ka, podczas gdy wrodzona towarzyszy mu od narodzin, nie bedac jednoczesnie konsekwencja
uszkodzenia mechanicznego mézgu. A. Racette { n. {2004) wyjasniajg, Ze poczgtek wrodzonych
nieprawidtowosci muzycznych moze wywodzi¢ sle z trudnosci w zdolno$ciach potrzebnych
do wykrywania zmian W wysoko$ciach dwiekow muzycznych w melodii. lustracja jednego
z rodzajow amuzji jest studium przypadku opisywane przez 1. Peretz i in. (2002). Przypadek
Moniki jest przykladem amuzji wrodzonej. Monika, z pochodzenia Kanadyjka, podczas badan
miata okoto czterdziestu lat. Posiada wyksztalcenie wyzsze. Wezeéniej przez wiele lat pracowata
jako pielegniarka. Nigdy u niej nie stwierdzono zadnej choroby psychicznej lub neurologicznej.
Rezonans magnetyczny nie wykazat widocznych nieprawidlowosci anatomicznych, Ponadto nie
wykazano zaburzen w zakresie pamieci werbalnej i niewerbalnej (Test Wechslera; Digit Span
Test), natomiast zdiagnozowano niezdolnosc do rozpoznawania Iub odbierania muzyki, Spiewu
i tafica. U Moniki stuchanie muzyki wywolywato stres. Taki stan rzeczy podyktowany byt inter-
pretacjg bodZcow muzycznych jako doznafi o nieprzyjemnym, hatasliwym charakterze.

Monike poddano badaniom stuZacym diagnozie nieprawidiowosci zwiazanych z muzyka.
Do tego celu uzyto baterit testow (The Montreal Battery of Evaluation of Amusia, Peretz
{ in., 2003) mierzacych zdolno$¢ detekcji zmian w nieznanych melodiach. Zadaniem badanej
byto okreslenie czy w prezentowanych parach melodii pojawia si¢ modyfikacja (zmfeniony jeden
drwiek, rytm itd.), czy tez nie (szczegbtowy opis baterii ponizej). wyniki Moniki w wiekszosci
zadan mialy charakter bardziej przypadkowy niz intencjonalny oraz jasno wskazywaly na jej
niezdolnoge do ré7nicowania melodii na podiozu ogélnego konturu (kierunek melodii) oraz
szczegGlowego wzoru interwaléw (odleglosc miedzy wysokosciami dzwiekéw). Nalezy zazna-
czy¢, ze omawiane uszkodzenie nie moglo by¢ wyjaéniane deficytami stuchu [ub problemami
w rozpoznawaniu dzwighow niemuzycznych {glosy, méwione sfowa, dzwieki $rodowiska) (Peretz
i in., 2002).

Model rozpoznawania muzyki 1. Peretz i M. Colthearta {2003)

Rezultatem prowadzonych przez ponad dziesie¢ lat badan u pacjentéw z uszkodzeniem
mézgu jest model rozpoznawania muzykf zaproponowany przez 1. Peretz i M. Colthearta (2003;
patrz réwniez Peretz, 2001). Model dotyczy mechanizméw zaangaZzowanych w proces percepcji
i rozpoznawania muzyki i stuzy do diagnozowania nieprawidtowosci zwiazanych z odbiorem
i rozpoznawaniem muzyki. Reprezentacja graficzna modelu znajduje sie w artykule A. Racefte
i wsp. w tym numerze.

Model zlozony jest z dwoch komponentéw przetwarzania informacji: melodycznej i rytmicz-
nej. Komponent melodyczny zawiera trzy giéwne elementy: kontur, interwaly { tonalnos¢. Kontur
definiowany jest jako kierunek melodii, na przykiad wznoszacy lub opadajgcy (analogicznie
do Intonacji w mowie). Stwierdzono, ze mechanizmy od powiedzialne za przetwarzanie konturu
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rnuzykd i intonacji jezyka sa wspoine (Patel, Peretz, 1997). Drugim elementem komponentu me-
lodycznego sq interwaty okreslajace odlegfosci pomiedzy dwoma dzwiekami. Sa one niezbedne
podczas czynnosci rozpoznawania melodif. Trzeci element stanowi tonalne odkodowywanie
interwatéw na podstawie tonacji utworu, Swoista wrazliwos¢ na tonalnos¢ pojawia sie juz we
wczesnym dziecifistwie,

Drugi komponent dotyczy przetwarzania informacii rytmicznej, skladajacej sie z rytmu
f metrum. Rytm jest organizacja nut w czasle. Natomiast metrum czynnikiem porzadkujacym
przebieg rytmiczny utworu przez jego podzial na takty za pomoca odpowiednio roztoZonych
regularnych akcentow.

Kiedy przetwarzanie informadji na poziomie komponentu melodycznego oraz rytmicznego
zostaje zakoriczone, aktywizuje sie reprezentacja utworu muzycznego. Aktywizacja tej reprezen-
tacji jest réwnoznaczna z rozpoznaniem melodii. Jednak ten proces nie jest wystarczajacy, zeby
podad tytut utworu. Niezbedne jest uruchomienie procesow jezykowych (np. dotyczacych repre-
zentacji fonologicznej tytulu) w celu jego werbalizacji. Zaburzenie jednego chociazby modulu
moZe spawodowac deficyty w rozpoznawaniu muzyki.

Wykorzystanie tego modelu w kontekécie diagnozy amuzji nabyte] i wrodzonej moZliwe
jest przy zastosowaniu baterii testéw proponowanej przez autorki (The Montreal Battery of
Fvaluation of Amusia, Peretz i in., 2003). Bateria zloZona jest z sze$ciu testéw pozwalajacych
na przeanalizowanie kazdego z komponentéw muzycznych wchodzacych w sklad wezesniej
nakreslonego modelu poznawczego (Peretz i in., 2003). Wszystkie testy dotycza kolejno orga-
nizacji melodycznej (konturu, interwalow, skali), czasowej (rytmu, metrum) oraz sprawnosci
pamieciowej.

Plerwsza cze$¢ skiada sie z trzech typéw manipulacji zastosowanych do zmiany tego
samego tonu, Jedna manipulacja zaktada naruszenie stopni skali okreslonej melodii przy
jednoczesnym zachowaniu oryginalnego konturu melodycznego. Druga manipulacja dotyczy
zmiany konturu stworzonej melodii, ale bez dokonywania modyfikacji w obrebie same] skali.
Natomiast trzecia manipulacja ma na celu naruszenie interwatéw melodii, w ktdrej wczesniej
dokonano przemiany konturu i skali, Poszczegdine typy melodycznych modyfikacji testowane
sa w dwdch prabach ¢wiczeniowych i trzydziestu eksperymentalnych. Kazdy z nich obejmuje
melodie wlasciwg i porownawczg oddzielong od siebie dwusekundowq przerwa i poprzedzony
jest dzwiekiem prébnym sluzgcym ogniskowaniu uwagi. Plerwszy rodzaj testow (zmodyfikowa-
na skala) skonstruowano w taki sposéb, 7e w sklad pietnastu préb wchodza identyczne melodie,
a pietnascie kolejnych pojawia sie w zmienione] skali. Drugi i trzeci rodzaj {zmodyfikowany
kontur i interwat) sg podobne do pierwszego, poniewaZ wykorzystujg te samg melodie wiasciwa,
natorniast réznig sie tym, Ze kazda poréwnywana melodia ulega zmianie w wyniku naruszenia
bad? pozostawienia bez zmian kierunku konturu, Pary melodii prezentuje sie w przypadkowe]
kolejnosci. Uczestnicy sq proszeni o wykonanie zadania testowego okreélanego jako ,taki sam-
10zny” pizebieg melodyczny. W kazdej probie badani majg zdecydowad, czy sekwencja wiasci-

wa i pordwnawcza réznig sie od siebie, czy pozostajg bez zmian. '

Druga cze$¢ dotyczy organizacji czasowej, na ktérg skiadaja sie testy metryczne i rytmicz-
ne. W testach rytmicznych uzywa sie tych samych bodzcéw, analogicznie do organizacji melo-
dycznej. W celu stworzenia réznych, poréwnywalnych wzoréw dokonano zmiany wartosci czasu
trwania dwoch sasiadujacych tondw, poprzez przetworzenie struktury rytmicznej, zachowujac
Jednocze$nie to samo metrum i calkowita liczbe dzwiekow. Mozna to bylo osiggna¢ w wyniku
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dodania kropki ¢wierénucie i ¢semce lub zmieniajac porzadek dwoch kolejnych, ate réznych
wartosci czasowych {np. péinuta, po ktérej nastepuje ¢wiercnuta staje sie ¢wiertnutg, po ktdrej
nastepnie pojawia si¢ pétnuta). Seryjne pozycje takich zmian réznig sie w kolejnych przykia-
dach. W tym teécie stosowane sq rowniez dwie proby twiczeniowe i trzydziesci eksperymental-
nych. Zadaniem badanych jest okreslenie réznic i podobienstw w prezentowanych fragrpentaqh
muzycznych. W tescie metrycznym uzywa sie dwufrazowych sekwencji w przeciwietistwie
do jednofrazowych wystepujacych w poprzednich zadaniach. Ponadto prezentoxyane me'lo-
die posiadaja zharmonizowana wersje. Polowa sekwencji napisana jest w dwudzielnym (Jalf
w marszu), a polowa w tréjdzielnym (jak w walcu) metrum. Utwory sq nagranew przyp'aqkqwej
kolejnosci. Badanych informuje sie, Ze uslyszq serig melodii, ktére beda musieli rozrézni¢ jako
majace forme walca [ub marsza. o '

Ostatnig cze$¢ bateril muzycznej stanowi rozpoznawanie pamigclowe. Mater}éiem testo-
wym wykorzystywanym na tym etapie fest zbior pietnastu losowo wybr@ nych melodii z poprzedj
nich czeci testu (organizacja melodyczna i czasowal, ktdre zestawia si¢ z pletnastpma nowymi
melodiami (niestyszanymi wczesniej przez badanego), W celu ich wzajen}nego'po!ownan‘ta. Na—
lezy podkresli¢, Ze prezentowane melodie pojawiaja sie¢ W przypadkowej kol‘ejanSCL Kazda jest
eksponowana badanemu najwyzej pie¢ razy W tym samym formacie (wigczajac Jgdnq osad,zqnq
w dwufrazowo zharmonizowane]j sekwencji). Badani sa proszeni o odpowiadanie ,tak", jezell
rozpoznajq melodie lub ,nie”, jezeli uznaja jg za obca. '

Prezentowana bateria jest przydatna do diagnozowania obecno$ci zaburzen muzycznych'
W percepcji i pamieci, w zwiazku z tym mozna jej uZzywac do wykrywania przypadkéw amuzji
wrodzonej w ogélnej populacji (Peretz iin., 2003).

Podsumowanie

Przedstawiony powyzej model rozpoznawania muzyki jest jednym z oboyiqzuquych na
éwiecie sposob6w opisu funkcji zaangazowanych w proces percepcji i produkgji m}Jzykl. Coraz
czesciej jest on wykorzystywany w praktyce kliniczne] zaburzen neurop‘sychologl.cznych,' Jak
juz wspomniano niezbednym uzupelnieniem prezentowanego modelu jest béterla teS.t(‘JW‘ -
The Montreal Battery of Evaluation of Amusia, bedaca praktycznym narzedziem umozliwia-
jacym skuteczne okreslenie charakteru zaburzet. Odniesienie deficytow do poszczlegolnych mo-
duléw funkcjonatnych modelu pozwala na precyzyjne wyjasnienie poziomu, na ktor){m dochodzi
do wystapienia zaburzen. W Palsce nie wykonuje sie standardowo badan diagpozumcych am'u-
Zje. Zaadaptowanie baterii (The Montreal Battery of Evaluation of Amusz'a) dq warunkow
polskich wydaje sig zatem konieczne. W tym celu zesp6t badawczy pod kierunklerp Sllmone Dall.a
Bella zainicjowal pierwsze prace dotyczace normalizacjt testu w Polsce. Przewiduje sig Zba.dan}e
stu 0s6b w pieciu grupach wiekowych (18~25, 26-35, 36-45, 46-55, od 56), po d}vcjdzmsa.a
w kazdej. NaleZy nadmieni¢, 7e badania kanadyjskie nie wykazaly istotnego zré;nlcowanla
wynikéw w poszczegdlnych grupach wiekowych. Na tej podstawie wrnioskujemy, Ze zml.en'na
niezalezna, jakg Jest wiek nie powinna wplywa¢ na zréZnicowanie uzyskiwanych wynikdw,
W celu weryfikacji tej hipotezy i kontrolowania wptywu czynnika kulturowego wyodrebniono
pie¢ grup wiekowych (patrz powyZej). Za kryterium doboru przyjeto preferencje muzyczne
okre¢lone na podstawie kwestionariusza muzycznego w badanych kohortach. Osoby badane
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bedq testowane pod katem trzech rodzajéw umiejetnosci muzycznych: analizy melodycznej,
czasowej i zdolnosci pamieciowych. W tym celu zostang zaprezentowane zadania testowe do-
tyczace kolejno: konturu, interwatdw, skali, rytmu, metrum i pamieci muzycznej. Podstawowe
sze$¢ testow zachowa wyjSciowy material muzyczny z wyjatkiem jednego z dodanych podtestow
zwiazanych bezposrednio z pamiecig — Testu Pamigct Muzycenej. W tescie tyin w miejsce ka-
nadyjskich popularnych piosenek wprowadzone zostang tradycyjne, polskie, powszechnie znane
melodie, na przyklad Stary niedgwieds mocno spi. Prowadzone w tym zakresie dziatania za-
owocujg pierwsza polska adaptacjq testu do badania amuzji nabytej i wrodzonej, W przysziosci
mozemy sie spodziewa¢ wprowadzenia polskiej wersji testu do poradni psychologicznych.
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