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It is argued that the current modular conception of the human mind has important implications for the 
status of music processing in the architecture of the cognitive system. This conceptualization led us to 
treat several issues that have been neglected in the cognitive study of music. The major issue concerns 
the importance of specifying both models and experimental tasks in terms of stages in information pro- 
cessing. This approach is advocated as a preliminary step for identifying separable components in the 
processing of music and for assessing whether these comonents possess modular properties. In this 
perspective, and on the grounds of the available empirical facts, encoding of pitch information in 
terms of tonal scales is suggested to be a serious candidate for modularity. These computations appear 
to be made in an automatic way and seem to be acquired precociously and without explicit tutoring. 
This would support the proposal that music processing cannot be wholly attributed to general- 
purpose mechanisms. 

KEY WORDS: Musical modules, neuropsychology of music, encoding of pitch, stages of musical 
information processing. 

For the last ten years  or so, music  has become  a distinct object of s tudy  in the 
field of cognitive psychology.  There  has  been  an explosion in research activity, as 
a t tes ted to by  the regular  appea rance  of articles in widely  acclaimed journals,  such 
as Cognitive Psychology, Cognition, Journal of Experimental Psychology, Perception & 
Psychophysics (a whole  issue in 1987), and  by  the recent  publicat ion of a var iety of 
textbooks (Howell,  Cross & West ,  1985; Sloboda, 1985; Dowl ing  & Harwood ,  
1986). This product ivi ty  has  been  s t imulated by  the idea that  music  offers a unique 
oppor tun i ty  to unde r s t and  the h u m a n  mind.  Indeed,  like speech,  music  is 
complex and  uniquely  hum an .  Since music  data are systematic ,  relatively clear 
and  accessible, it is theoretically and  methodological ly  advan tageous  to s tudy  
music as a way  to s tudy  the mind.  In other  words ,  music  m a y  serve as a mode l  of 
the h u m a n  mind.  Such a perspect ive  has  often led to the characterizat ion of music  
as the p roduc t  of a genera l -purpose  cognitive architecture.  This genera l -purpose  
characterization of musical  abilities m a y  obscure the possibility that  music  "is 
whol ly  unlike any th ing  else" (McAdams,  1987, p. 13). In the presen t  paper ,  we  
will seriously contempla te  the issue of specificity for music.  More specifically, we 
will address  this quest ion following the con tempora ry  not ion of the modula r i ty  of 
the mind.  

According to the modular i ty  thesis, the h u m a n  cognitive sys tem is c o m p o s e d  of 
physical ly separate  subsys tems ,  each e n d o w e d  with  a specific corpus  of 
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280 I. Peretz and J. Morais 

procedural and declarative knowledge. Three main research fields have contri- 
buted to the popularity of this approach. First, research in artificial intelligence 
and computer science has demonstrated that modular computerized systems, 
which have the property of being able to undergo computational changes without 
causing a large number of compensatory changes in other parts, are more efficient 
than non-modular ones (Marr, 1976). Second, research in neuropsychology has 
revealed that brain injury can cause a large number of highly selective deficits, 
which suggests that computational specificity in the human brain depends on 
physical separability (Shallice, 1981). Third, the investigations on perceptual pro- 
cesses, especially of those related to language, have described various 
phenomena that seem to suggest that the specific nature of the perceptual input 
coupled with the apparent necessity to preserve the veridicality of perception 
require interpretive mechanisms that are both specific and unaffected by general 
knowledge-based processes (Fodor, 1983). The existence of such modular 
systems for music perception has been put forth by Fodor (1983), by Gardner 
(1983), and more recently by Jackendoff (1987). The object of the present paper is 
to weigh the validity of the modularity thesis for music percpetion, along Fodor's 
lines, by examining the available empirical facts. 

Fodor (1983) has provided us with the most thorough and explicit account of the 
essential properties that may characterize a modular processing system. For now, 
only a brief review of these properties is needed. To begin, two properties concern 
specificity. Modules are "domain specific" (property 1 in Fodor's list) and are 
associated with specific, identifiable neural systems, thus having the potential to 
exhibit "specific breakdown patterns" (property 8). Other properties are related to 
autonomy of processing. A module has its own processing capacity and its own 
memory resources. It is unaffected by processing by other modules or by general 
processors: it is "informationally encapsulated" (property 5). There is generally no 
central access to the internal representations of the module; the central processors 
can only have access to a module's output (property 3). Still other properties are 
related to the notion that modules are specialized devices built in the course of 
biological evolution in order to accomplish particularly important functions. The 
operation of a module is like a cognitive reflex. Its operation is mandatory, Le. it is 
mediated by automatic processes which are obligatorily applied to particular prop- 
erties of the input (property 2), and it is very fast (property 4). The module is 
directly associated with a fixed neural architecture (property 7), and its ontogeny 
exhibits a characteristic pace and sequencing (property 9). Nevertheless, there is 
room left for the imposition of interpretative mechanisms by more central proces- 
sors, which allow belief fixation and the integration of pragmatic knowledge, since 
a module delivers "shallow" or superficial outputs (property 6). 

Thus, in his essay, Fodor gives special prominence to neuropsychological 
evidence. When Fodor states that modular systems are modular not only func- 
tionally, but also physically in their neural implementation, he is undoubtedly 
refering to the modules that are most familiar, i.e. the modules for speech. These 
are, for the most part, lateralized in the left hemisphere of the brain. Moreover, 
predispositions for processing speech on a left hemispheric basis are found to be 
present at birth. Furthermore, pathologies of these neural areas exhibit highly 
specific breakdown patterns of language functioning. The resulting deficits, 
identified under the generic term "aphasia", cannot be explained by mere quanti- 
tative decrements in memory and attentional capacities. 
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Music and modularity 281 

Very similar claims can be made for music perception. First, many researchers 
posit that music has a special site in the right hemisphere. For example, 
Galaburda, Lemay, Kemper & Geshwind (1978) have suggested that a planurn 
temporale (i.e. a particular neural area of the temporal lobe) that is larger on the left 
side of the brain might indicate important aspects of verbal activity while a planum 
temporale that is larger on the right side might "mean a high degree of musical 
potential" (p. 85). Similar to the findings that the left hemisphere is involved in 
speech perception as early as a few hours after birth, there are indications that the 
right hemisphere is more active in listening to music (see Mehler, 1984, for a 
review). Finally, "pure amusias' ,  characterized by selective breakdown of music 
processing following brain damage without any concommittant disturbance in 
other spheres of cognitive functioning, have been reported (see Dorgeuille, 1966, 
and Marin, 1982, for reviews). Conversely, spectacular cases of spared musical 
abilities in the presence of profound disturbances in other cognitive domains are 
not uncommon (Luria, Tsvetkova & Futer, 1965; Basso & Capitani, 1985; Signoret, 
Van Eeckhout, Poncet & Castaigne, 1987). Taken together, these facts provide the 
basis for postulating specific neural circuitries for music. 

Most researchers in the field of neuropsychology of music have, however, been 
reluctant to adopt such a modularistic view. Their scepticism is backed up by 
suggested empirical and theoretical evidence. For instance, many have pointed 
out that findings related to cerebral asymmetries have been far more variable 
than, say, the ones related to speech and language (see Zatorre, 1984, and Peretz, 
1985, for reviews of the literature on a pathological population; and Peretz & 
Morais, 1988, for a review of the literature on a normal population). More specifi- 
cally, it has been suggested that musicians and nonmusicians process melodies in 
opposite hemispheres (Bever & Chiarello, 1974). Thus, the research, which is 
based mainly on normals, has been guided by the implicit idea that music percep- 
tion (see Sergent, 1982, for a similar idea with respect to vision) involves the 
execution of general-purpose mechanisms (Peretz & Morals, 1988). While this 
notion may be valid for some components of music processing, there are some 
aspects of music perception that may be specific and could eventually be 
identified with a fixed substrate in the brain. Support for such aspects will be 
outlined in the remainder of this paper. 

Screening the candidates for a musical  module  

When Fodor (1983) asserts that input systems are domain specific, he cautions 
against equating those input systems with actual "visual" or "language" proces- 
sing. Instead he is referring to highly specialized computational mechanisms for 
domains "in which perceptual analysis requires a body of information whose cha- 
racter and content is specific to that domain" (p. 49). For the domain of audition, 
he suggests that there are separate modular mechanisms subserving pitch organi- 
zation, or melody, and temporal organization, or rhythm. Nonetheless, this 
simple hypothesis is not straightforward. It is a frequent practice among resear- 
chers to describe pitch organization independently of temporal organization, and 
many consider these two components to be distinct structures in their theoretical 
descriptions (for example, Deutsch & Feroe, 1981, and Krumhansl & Kessler, 
1982, for pitch organization; Povel, 1981, and Longuet-Higgins & Lee, 1982, for 
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temporal organization). The problem, however, is whether this structural 
automony is translatable into processing autonomy. 

That melody and rhythm of sequential patterns are integrated at some level in 
the process of music perception is unquestionable. This is attested to by various 
observations. Listeners are more accurate at discriminating embedded pitches 
that coincide with important temporal events (Jones, Boltz & Kidd, 1982) and at 
transcribing melodies compatible at the level of pitch and temporal structure 
(Deutsch, 1980; Boltz & Jones, 1986). These effects could reflect the fact that 
allocating attention to both musical components is advantageous. Nevertheless, 
when decisional independence is promoted, that is, when the listeners are 

�9 explicitly instructed to concentrate on one particular dimension at a time, they still 
exhibit response patterns that are affected by the irrelevant dimension (Jones, 
1987; Pitt & Monahan, 1987). Thus, pitch and temporal organization appear to be 
intimately related. But to what extent are they related? Under some circumstances 
the two types of organization do not appear to interact. Such independence for 
rhythm and melody has been reported for judgments such as musical phrase com- 
pletion (Palmer & Krumhansl, 1987a,b), familiar tune recognition (White, 1960) 
and for similarity judgments (Halpern, 1984; Monahan & Carterette, 1985). This 
suggests that before integration they have functional autonomy. 

The problem is that perceptual independence is conceptually easy to formulate 
but difficult to verify experimentally. Experiments on perception usually require 
subjects to make decisional evaluations, which can fundamentally alter the 
percept, thus making perceptual independence difficult to test (Ashby & 
Townsend, 1986). In all the studies mentioned above, the tasks either involved 
some kind of post-perceptual judgment (judging similarity, sameness, and 
goodness) or had an important memory component (written recall and 
recognition). Given that melody and rhythm are intertwined in most music, 
integration of the two components is highly desirable, and in some sense, even 
inevitable. But this does not eliminate the possibility that listeners separate the 
two components in early stages of processing. What is certain is that the 
information is integrated somewhere in later stages, perhaps at the decision- 
making level. 

In order to demonstrate that pitch and temporal organization are autonomously 
processed at the early stages of perceptual analysis, one would have to implement 
tasks that do not explicitly require subjects to attend to one of the two compo- 
nents. An alternative is to infer what the subjects perceive by examining the 
extent to which they confuse the components. An excellent example of such a 
paradigm is provided by the illusory-conjunction phenomenon observed in visual 
perception: when asked to detect the occcurrence of a red X, the observer detects 
it incorrectly in a display containing a red O and a green X that are presented 
under conditions which do not permit allocation of selective attention (Treisman, 
1986; see also Studdert-Kennedy & Shankweiler, 1970, for a similar phenomenon 
in speech perception). This sort of finding strongly argues that separate systems 
for dealing with color and form exist in vision, and that the outputs of these two 
systems are later integrated in the decision making process. However, the above 
example shows that these are sometimes integrated erroneously, thus giving the 
experimenter a chance to observe the effects of early processes. Unfortunately, as 
far as we know, no paradigms have been used in the study of music perception 
that correspond to the one just cited. 
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The necessity to interpret experimental findings in terms of stages of processing 
may be illustrated by the following example, that deals with the segmentation of 
musical sequences. We have studied the role of various determinants of segmen- 
tation in three different experimental situations, each expected to tap a different 
processing stage (Peretz, in press). In one of these situations, already used with 
music (Deli6ge, 1987), the listeners were required to divide sequences into their 
"natural" parts. This is an introspectionist task, since the evidence relies on the lis- 
teners' conscious inspection of what they hear. The outcome of this situation is 
valuable to the extent that it is the subjects' ability to consciously and explicitly 
segment the musical input that we wish to examine (see also Morais, Alegria & 
Content, 1987, for a discussion of similar enquiries with respect to speech). Under 
this condition, we observed that, for instance, the temporal pause inserted 
between two groups of tones served as a segmentation marker for both musicians 
and nonmusicians, although more systematically in the former group (98% 
versus 75% of the responses, respectively). That this sort of intentional segmenta- 
tion does not reflect perceptual processing is illustrated in other situations, which 
were inspired from current experimental paradigms in cognitive psychology. 
One, already applied to music (Dowling, 1973; Tan, Aiello & Bever, 1981), is 
known as the probe recognition technique. In this task, listeners are presented 
with a musical sequence followed by an excerpt; their task is to decide whether or 
not the excerpt is part of the sequence. Positive probes either fall within a cluster, 
or cross two adjacent clusters (delimited here by a temporal pause). Two different 
versions of this task were used. In the standard version, the probe followed the 
sequence. This is an "off-line" task; the listeners have to search their memory rep- 
resentation of the sequence. In the second version, the probe preceded the 
sequence, thus serving as a to-be monitored target. Such a condition allows one 
to make "on-line" measurements; i.e. measurements made during the processing 
of the sequence. The results in the two conditions are quite different. In the "on- 
line" task, the influence of the temporal pause is quite large, whereas in the "off- 
line" task it is in the opposite direction, albeit negligible (see Figure 1). Thus, 
subjects appear to process musical sequences by segmenting them according to 
temporal proximity. As we saw, this principle loses its impact when subjects are 
required to consult their memory representation of the same musical events. 
Another important result is that musical training had no effect on the pattern of 
responses. This latter result stands in sharp contrast to those obtained in the intro- 
spectionist task. Therefore, we can assume that the three different paradigms (in- 
tentional segmentation and probe verification with probe being presented before 
and after the test sequence) tap different stages of musical processing. This claim 
is further substantiated by the fact that all paradigms used the same musical 
objects and focused on the subjects' segmentation abilities. 

It is in the context of the stage-of-processing approach that we can best under- 
stand the apparently contradictory sets of data on processing pitch and temporal 
organization. Those studies which find that these musical components are 
extracted separately can be explained in terms of autonomous mechanisms that 
function early in the processing of the musical object. At later stages, features 
emerging from the relations between the two types of organization are probably 
implicated in most recognition tasks. Pitt & Monahan (1987) appear to endorse 
such a view, since they state that subjects integrated "rhythm and pitch into a final 
percept" (p. 545) which determines similarity judgments. Indeed both pitch 
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Figure 1 Plot of percent correct responses for probes falling within a cluster or crossing two clusters 
delimited by a temporal pause as a function of task, i.e. probe being presented before test sequence 
(on-line) or after test sequence (off-line). 

proximity and tonal relatedness have uniform effects across all rhythm combina- 
tions. Thus, rather than arguing against modularity, these results support the 
idea of early separate extraction of pitch and temporal structure. 

The proposal that melody and rhythm are autonomously processed prior to 
integration is suported by the behavioral dissociations that naturally occur as a 
consequence of brain insult. The most convincing evidence is undoubtedly 
provided by the phenomenon of double dissociation (Teuber, 1955). For those 
unfamiliar with neuropsychology, this phenomenon occurs in cases where it can 
be shown that one patient is still able to process adequately, for example, the 
rhythmic component of musical patterns but not the melodic one (namely 
providing evidence for dissociation in one direction) while another patient 
exhibits the opposite pattern (thus, providing evidence of dissociation in the 
opposite direction). Such powerful demonstrations of functional autonomy of the 
two underlying component mechanisms have been repeatedly observed for 
music. In singing, rhythm can be preserved while melody is impaired (Dorgeuille, 
1966). Conversely, melody can be spared while rhythm is defective (Mavlov, 1980; 
Brust, 1980). In reading, the same picture emerges with selective impairment of 
rhythm (Dorgeuille, 1966; Brust, 1980) or of melody (Dorgeuille, 1966, Assal, 
1973). The same holds true for auditory perception (Dorgeuille, 1966). Our own 
investigations (Peretz, in preparation) have uncovered such striking dissocia- 
tions. The corresponding data are presented below. 

The one patient who sustained a lesion in the left hemisphere could no longer 
discriminate sound patterns differing in temporal structure, though he could still 
discriminate sequences on the basis of pitch structure at a normal level. The 
reverse pattern of performance was found in a patient with right brain damage. 
These outcomes can hardly be attributed to intervening task parameters, that is, 
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Table 1 Percentage of correct responses for the dis- 
crimination of sequential patterns differing solely in 
terms of either pitch organization (melody) or 
temporal organization (rhythm) 

Melody Rhythm 

1 Left brain-damaged 87.5 41.7 
1 Right brain-damaged 41.7 91.7 
2 Matched normals 91.7 100.0 

to decision-making processes, since they were both obtained from same-different 
classification tests. Thus, the neuropsychological data provide a strong support 
for the notion that melody and rhythm are subserved by independent systems. 

Given the indications of some functional autonomy between pitch and 
temporal organization in normal processing, which is further supported by neural 
independence, the possibility of a musical module that comprises both compo- 
nents seems unlikely. Rather, pitch organization and temporal organization will 
be considered as two separate candidates for modularity. If this is correct, the next 
question that must be addressed is whether, and perhaps to what extent, the 
mechanisms that compute pitch and temporal organization are specific to the per- 
ception of music. 

With respect to computing temporal organization, it is difficult to argue that it 
is not inherent to many human activities. Most notably, it contributes to speech 
perception. If this is so, then doubt can be shed on the idea that the processing of 
temporal information in music is performed by a system uniquely, and originally, 
designed for music. Jackendoff (1987) acknowledges these shared aspects 
between language and music, but argues that the differences (i.e. at the level of 
the metrical structure) are substantiated enough that musical rhythmic structure 
cannot be simply attributed to a general-purpose temporal patterning device. 
However,  delineation from those aspects that are truly specific to music is still 
fuzzy and there is not as yet any empirical work devoted to this issue. So, despite 
the possibility that the mechanisms that are involved in the temporal organization 
of music may be distinct from those that are involved in other cognitive domains, 
there is not enough evidence to forcefully demonstrate that they are specific to 
music. 

In contrast, some aspects of pitch organization are clearly domain-specific and 
can be considered as the "germ around which a musical faculty could have 
evolved" (Jackendoff, 1987, p. 257). Central to pitch organization is the perception 
of pitch along musical scales. Pitch variations generate in music a determinate 
scale, whereas in normal human speech the intonation contours do not elicit such 
effects (Balzano, 1982). As Sloboda (1985) writes "that people represent music in 
a tonal space such that notes are assigned harmonic functions, is certainly 
different from any suggestion psychologists have made about cognitive represen- 
tation in other spheres" (pp. 58-59). Moreover, it is speculated that perception of 
tonal pitch requires universal processing mechanisms. Even though the 
commonly used scales differ somewhat from culture to culture, most have 
common properties. Most musical scales make use of pitches an octave apart and 
are organized around 5 to 7 focal pitches (Dowling, 1978, 1982). These structural 
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properties are interpreted as inherent to the constraints of the human cognitive 
apparatus (cf. the number of identifiable categories on a continuous dimension 7 
+/-  2 as enunciated originally by Miller, 1956) and to the requirement that scales, 
by having an asymmetric interval structure, afford reference points and thus 
dynamic motion or tonal function (Balzano, 1980; Shepard, 1982). 

Perception of pitch by reference to tonality as a modular system 

Although the sensory encoding of frequency, apparently computed on a 
logarithmic continuum, is a necessary stage for perceiving pitch height, there is 
now substantial evidence that mus ica l  pitch perception is recoded in forms that are 
quite different from the early sensory codes. Such transformations, presumably 
mediated by various cognitive operations, make contact with a system of 
knowledge about pitch collections that are typically used within the musical trad- 
itions, and more specifically in the tonal tradition, about diatonic scales. In this 
system of knowledge, the tones assume not only a fixed pattern of asymmetric 
intervals (scale steps) that repeats in every octave, but also an internal organiza- 
tion around a reference tone (the tonic). This organization allows the establish- 
ment of a particular key that is more or less distantly related to other keys. This 
structure is presumably applicable to tones presented simultaneously, namely 
chords. While tonal structure most certainly pre-supposes a more elaborate 
description than the one just outlined, this brief summary of the knowledge that 
appears to determine the perception of pitch in a musical context is already quite 
elaborate and sufficiently well documented to be considered as part of the 
knowledge stored in a module. 

Models of how these abstract properties may be represented in a multi- 
dimensional space have already been proposed (Shepard, 1982; Longuet- 
Higgins, 1978). However, most researchers have tended to focus their attention 
on the representational aspects of frequency rather than on specifying what 
stages in the system are concerned with specific frequency transformations and 
what computable procedures are involved in transforming codes between those 
stages. Some suggestions have been put forth but they have been limited to local 
aspects. For instance, Shepard & Jordan (1984; Jordan & Shepard, 1987) have 
proposed a sort of pitch template which is tuned to the pattern of intervals of the 
major diatonic scale with an interpretation of the first tone as the tonic by default. 
For chord relatedness, and possibly tones, Bharucha and his collaborators 
(Bharucha & Stoeckig, 1986, 1987; Bharucha & Olney, this volume) have proposed 
a connectionist model that links related chords by mechanisms of spreading acti- 
vation. These two types of mechanisms may account for the successive transfor- 
mations of pitch height that Dowling (1978, 1984a) has identified as the tuning 
stage and the modal stage, respectively. The tuning level corresponds to a level of 
analysis whereby pitches are mapped onto the diatonic scale, which is distin- 
guished from a higher modal level, where these diatonic tones are hierarchically 
organized around the tonic. While such a distinction may correspond to the suc- 
cessive stages of processing of pitch information, thereby imposing future 
refinement about the specific content of a module for musical pitch computation, 
there is not yet any empirical evidence for endorsing such a view. 
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In any case, it is now well established that tonal regularities influence pitch pro- 
cessing. On the one hand, the distinction between scale (diatonic) tones and 
nonscale (nondiatonic) tones has been found to influence the recognition of single 
tones (Krumhansl, 1979) as well as the detection of pitch changes either in melodic 
sequences (Franc6s, 1972; Dewar, Cuddy & Mewhort, 1977; Cuddy, Cohen & 
Miller, 1979) or in chord sequences (Bharucha & Krumhansl, 1983). These latter 
effects have been shown to be valid to the extent that nonscale tones cannot be 
assimilated (or anchored) to the scale of the sequence (Bharucha, 1984). Recogni- 
tion of diatonic sequences is advantageous because the embedded tones or 
intervals can be more accurately encoded than a collection of nonscale tones that 
fail to activate the musical scale structure. On the other hand, sensitivity to 
specific aspects of this structure is reflected in the subjects' ability to identify par- 
ticular elements within the scale as being most central, like the tonic and the 
perfect fifth via the judgments of good completion of a scale (Krumhansl & 
Shepard, 1979; Krumhansl & Kessler, 1982) and the easiness of excerpt recogni- 
tion (Tan, Aiello & Bever, 1981). Furthermore, proximity between musical keys 
has been shown to affect recognition of transposed melodic sequences (Cuddy, 
Cohen & Miller, 1979; Bartlett & Dowling, 1980) and judgments of good comple- 
tion of tone and chord sequences (Krumhansl & Kessler, 1982; Bharucha & 
Krumhansl, 1983). It also facilitates speeded intonation decisions for chords (i.e. 
it generates "priming" effects, Bharucha & Stoeckig, 1986, 1987). All these results 
confirm the supposition that the abstract properties of musical scales determine 
pitch processing. 

Serafine (1983) argues that encoding of pitch in terms of musical scales cannot 
be part of the perceptual system, and afortiori of a module, since nonmusicians 
exhibit little sensitivity to scale structure (for example, Krumhansl & Shepard, 
1979; Dowling, 1984b; Tan et al, 1981). Accordingly, scales would be an artifact of 
music reflection and their use in perception tasks would be the product of central 
processes acquired through explicit tutoring. However, several very recent 
studies have succeeded in obtaining effects of tonal organization that are insensi- 
tive to musical expertise (for example, Cuddy & Badertscher, 1987; Bharucha, 
1984; Bharucha & Stoeckig, 1986, 1987). What is critical about these studies is that 
they did not merely show subjects' sensitivity to scale versus nonscale tones (as 
Dewar et al, 1977, and Cross, Howell & West, 1983, have observed previously in 
nonmusicians as well) but also a comparable sensitivity to tonal hierarchy. Thus, 
the conclusion to be drawn is that the main argument for the post-perceptual 
nature of scale interpretation no longer seems valid. 

The fact that under certain conditions nonmusicians are as successful as 
musicians in displaying effects of tonal organization clearly indicates that they do 
possess this knowledge, albeit implicitly. Previous negative findings were 
probably related to experimental tasks. The methods may have allowed the inter- 
vention of formal knowledge, that is only available to musicians. This point seems 
illustrated in a study performed by Cuddy & Badertscher (1987). In this experi- 
ment, they used a derivative of the tone-profile technique developed by 
Krumhansl & Shepard (1979). The original task consisted of presenting subjects 
with a major scale and asking them to rate the suitability of tones drawn from the 
octave as completions of the sequence. Results obtained from this task indicate 
that nonmusicians made judgments based on proximity of pitch height while 
musicians took into account the suitability of members of the tonic triad. Cuddy 
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& Badertscher (1987) transformed this technique in several ways. One of these 
changes was to add musical significance to the task by asking subjects to help the 
experimenter make up good song endings (an instruction that was, in fact, used 
by Krumhansl & Keil, 1982, with children, but not with adult nonmusicians). 
Another important adaptation was to obviate the supplementary difficulty of 
transposing the tone-probe to the octave that is appropriate to the context by 
using tones in which pitch height dimension is reduced (following Shepard, 
1964). These adaptations were found to be successful. Nonmusicians (as well as 
children) exhibited recovery of the tonal hierarchy. In addition, it was shown that 
so long as musicians were willing to conform to the instructions, they displayed 
the same profiles as the untrained. However,  when required to rate completion of 
the songs according to their formal knowledge (not how good the completion was, 
but how correct it was), their profiles became different. This latter finding illus- 
trates the extent to which musicians can anticipate and modulate their answers 
with respect to the experimenter's expectations. By the same token, it suggests 
that judgments observed with the tone-profile technique may be somewhat 
distant from perceptual experience. The tonal hierarchy that is observed when 
this method is used may well be produced by the intervention of central proces- 
sors during the decision-making phase. 

There are paradigms, like those showing priming effects, that elicit comparable 
sensitivity to tonal organization in the trained and the untrained. These effects 
probably occur because the required judgments are relatively free of strategy 
effects. This situation was used by Bharucha & Stoeckig (1986, Experiment 2 & 3; 
1987) in which subjects were presented with a prime chord followed by a target 
chord for which they had to make a rapid intonation decision (in/out of tune). The 
prime chord was found to facilitate their decisions as long as it was related har- 
monically to the target. Since the decisions were orthogonal to the effect of tonal 
organization, which occurred nonetheless, it can be maintained that tonal 
hierarchy is not the sole effect of decisional processes b dt may be governed by a 
modular system. 

Having reviewed the relevant data that support the perceptual reality of the 
tonal encoding of musical pitch, attention should be paid to other potentially 
modularistic properties. It will be argued that tonal encoding of pitch exhibits 
several of the modular properties enunciated by Fodor. First, the tonal system 
seems to mediate f zrception of musical pitch in an automatic way and without 
conscious awareness. Second, it seems to operate very early in ontogenetic 
development. Both of these are briefly developed hereafter. 

First, Shepard (1982) has noted that the application of the knowledge that we 
have about musical scales appears mandatory and cognitively impenetrable. 
Phenomenologically, when listening to the eight successive tones of the major 
scale (do,re, mi . . . . .  do), we tend to hear the successive steps as equivalent, even 
though we know that two of these intervals (mi-fa and si- do) are only half as large 
as the others (on a log frequency continuum). Shepard and Jordan (1984; Jordan 
& Shepard, 1987) have provided empirical support of this phenomenon. They 
have shown that listeners attribute tones to the diatonic scale even when the tones 
are equally spaced on a log frequency continuum (a series that does not 
correspond to any standard musical scale). They do so even when judgments are 
to be made with respect to physical relationship and not to any musical relation- 
ship. Related evidence demonstrating the lack of flexibility of listeners for 
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interpreting the tones in scales different from the diatonic scale has also been 
reported by Watkins & Dyson (1985). Apparently, just as in vision where we 
cannot voluntarily avoid the mechanism of size constancy in Ponzo's illusion 
despite our knowledge of the illusion, we can hardly override the musical 
tendency to interpret tones in terms of the diatonic scale (i.e. that the intervals in 
a scale are physically equivalent) 1. Thus, assignment of pitches to musical scales 
appears to be triggered automatically and "encapsulated" from general 
knowledge or beliefs. Second, with respect to development, children seem to 
have a natural ability to learn the regularities of tonal music through exposure to 
examples (like language). Improvisatory songs and memorization of nursery 
rhymes exhibit progressive mastery of tonal structure that is achieved around the 
age of five (for detailed reviews see Sloboda,1985; Dowling & Harwood, 1986; 
Hargreaves, 1986). Although children by this age may appear to be able to use the 
underlying tonal structure to guide their song performance, most studies have 
shown, paradoxically, that they do not exhibit this knowledge for discrimination 
tasks. Sensitivity to the tonal context in the discrimination of a pitch change in 
short sequences is not manifested before the age of 7 (Zenatti, 1969). It is around 
the age of 8 that children exhibit sensitity to key distance (Bartlett & Dowling, 
1980) and by the end of elementary school that they can detect key changes in 
tunes (Imberty, 1969). 

That acquisition of tonal organization proceeds in such orderly manner and 
mostly during the period of elementary school has been illustrated in a more 
precise fashion by both Imberty (1981) and Krumhansl & Keil (1982). Imberty 
(1981) has shown that around the age of 6 or 7, children are able to distinguish 
between the presence and absence of a cadence. By the age of 8, the child begins 
to differentiate cadences ending on the tonic from other types of endings. At the 
end of elementary school, a cadence on the tonic is fully differentiated from the 
one that modulates to the dominant. This progressive differentiation of tonal 
functions closely parallels the one observed by Krumhansl & Keil (1982). 
However, recovery of the tonal hierarchy may be found as early as the age of 6, if 
task parameters are suitably tailored (Speer & Meeks, 1985; Cuddy & Badertscher, 
1987). 

Here again, the influence of task factors appears crucial. Although, according to 
Zenatti (1969), sensitivity to tonal context does not manifest itself before the age 
of 7, Cohen, Thorpe & Trehub (1987; and see Trehub,1987, for a review of related 
data) have shown that it already present in infants that are 8 to 11 months old. The 
discrepancy between these two studies can be related to their methods. In 
Zenatti's study, children had not only to differentiate between pitch sequences 
but they also had to localize the discrepant tone that was embedded in the 
sequence. In Cohen et al's study, children simply turned their head upon presen- 
tation of the differing pattern in order to receive visual reinforcement. While these 
recent findings are more consistent with the view that children have precocious 
predispositions for organizing pitch in terms of tonal scales that will manifest 
themselves in both song and perceptual performance in the preschool child, they 
obscure somewhat the indications previously obtained about the order in which 
the various aspects of this knowledge is acquired. For the present, since the 
findings are so task bound, it appears that the issue of whether there exists a fixed 
sequencing in the acquisition of tonal organization, as suggested for example by 
the results obtained by Imberty and Krumhansl & Keil, remains inconclusive. 
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In summary, there are serious indications that translation of pitch onto tonal 
scales is subserved by a modular system. This system is specific to music (Fodor's 
property 1), seems to operate mandatorily (property 2), appears to be informa- 
tionally encapsulated (property 5) and exhibits early ontogenetic development 
(property 9). Other properties are not yet empirically verified, most notably the 
property that describes the system as having a fixed neural architecture (proper- 
ties 7 and 8). And there is one property of the system that may not be modular, 
namely the criterion that there is limited access to the internal representations that 
the system computes (property 3). Assuming that the output of such a system is 
a representation of pitches coded in terms of scale steps, music listeners, unlike 
speech listeners, must still have access to the "uncategorized" frequency informa- 
tion, that is, to early encodings in terms of pitch height. Otherwise, a chord, for 
instance, could not be heard as out of tune by less than the smallest musical unit. 
In fact, Bharucha & Stoeckig (1986, 1987) demonstrated this ability in requiring the 
listeners to make intonation decisions on tones that were out of tune by an eight- 
tone. This ability cannot be easily dismissed by the claim that the task does not 
involve the musical module since effects of tonal organization were obtained 
directly from the intonation decisions (cf. the priming effects described earlier). 
Thus, scale representation does not appear to preclude access to earlier codes. 
Indeed, a modular system may exhibit most but not all properties., or it may 
exhibit them only to some degree. 

Conclus ions  

In the present paper, we have attempted to identify separate processors in music 
organization that can be viewed as modular. Modular systems are supposed to be 
involved early in the hierarchy of processing. Since there are both theoretical and 
empirical reasons to consider that early transformations of pitch information are 
computed independently of temporal organization, the possibility that they con- 
stitute separate candidates for modularity is envisaged. It appears that tonal 
encoding of pitch exhibits many properties of a modular system. 

Another attempt at evaluating the modularity hypothesis for music is provided 
by Jackendoff (1987, of which we became acquainted while writing the final 
version of this chapter). He proposes a modular organization for music for rather 
late stages of processing, i.e. beyond the computations involved in the musical 
surface (and which corresponds perhaps to the level of representation on which 
we focused our attention). The levels of representations that he has focused upon 
(formally developed in Lerdahl & Jackendoff, 1983) consist of the grouping struc- 
ture, the metrical structure, the time-span reduction and the prolongational 
reduction. While these subsequent levels of representation might correspond to 
a hierarchy of modular systems, there is presently scant empirical support for dis- 
tinguishing them and a for t i o r i  for assessing the nature and the locus of the inter- 
actions 2 that Jackendoff incorporates into his model. The latter issue is fundamen- 
tal because it may violate the essential benefit of a modular system vis-a-vis an 
interactive one (Tannenhaus & Lucas, 1987). 

In any case, both his and our approach attribute central importance to tonality 3. 
Thus, although the essence of our approach bears some resemblance to his, we 
are more restrictive in the range of abilities to which the modularity thesis might 
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b e  a p p l i e d .  S i n c e  t h e  p o t e n t i a l  o f  t h e  m o d u l a r  c o n c e p t i o n  o f  m u s i c  p r o c e s s i n g  h a s  
o n l y  b e g u n  to  b e  e x p l o r e d ,  t h e  f u t u r e  of  i ts  e x p l o i t a t i o n  is w i d e  o p e n .  
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Notes 

1. It should be mentioned that these illusions were in part obtained with an adaptation of the tone- 
profile technique. As argued previously, this technique can hardly be regarded as an ideal task for 
uniquely tapping the perceptual system. This task is sensitive to cognitive bias. However, to 
demonstrate that, even under such circumstances, judgments are not modulated by scientific 
knowledge constitutes striking evidence that tonal encoding is mandatory and inflexible. 

2. Jackendoff assumes that processing between a pair of levels is bidirectional and that this charac- 
teristic accounts for the fact that "in perception top-down evidence refines and fills in lower-level 
representat ions. . ."  (p. 258). 

3. It is noteworthy that, according to Jackendoff, the tonal system is so central to music processing that 
"it might be possible to think of metrical structure and time-span reduction as having evolved to 
provide a way to use a tonal s y s t e m . . . "  (p. 258-259). 
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