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Abstract and Keywords
This chapter shows how research in a specific auditory domain, namely music, 
can lead to the development of functional models far more elaborate than initial 
reports of auditory agnosia had suggested. It argues that each domain should be 
explored in similar fashion in order to understand how sound events are 
recognized and what principles of cerebral organization are involved. This 
should lead to a better appreciation of the question of functional specificity by 
distinguishing general-purpose mechanisms from specialized mechanisms, 
thereby identifying the levels at which cognitive domains divide. For example, it 
is reasonable to assume that the processing of melodic contour is not specific to 
music but also participates in the perception of intonation contours in speech. If 
this is the case, any impairment at this level should necessarily disrupt both 
melody perception and sensitivity to intonation.
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7.0 Introduction
Neuropsychology—defined as the study of the relations between cerebral 
organization and mental functioning—has concerned itself from its earliest days 
with the recognition of sound events. The first steps were taken in the auditory 
domain via the observation of selective speech impairments following damage to 
specific areas of the brain (Broca 1861; Wernicke 1874). These initial 
observations swiftly prompted the exploration of other essentially auditory 
functions, such as music (Bouillaud 1865). Indeed, during the latter half of the 
nineteenth century, the examination of patients suffering from cerebral damage 
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(due to vascular problems, tumours, illness, or war injuries) led to the 
fascinating realization that cognition was not affected in its entirety, but in 
particular aspects. The selective nature of these disorders sparked an interest in 
comparing speech recognition to recognition of other sound events. These early 
observations are conveyed by the specific labels attached to clinical conditions 
such as aphasia, amusia, auditory agnosia, and verbal and non-verbal deafness. 
Although these terms sometimes overlap, they all indicate a concern to describe 
the specificity of the auditory problems observed. The issue of functional 
specificity will be the central focus of the present chapter.

Exploration of the selectivity of cognitive disorders is indeed one of the most 
remarkable contributions of neuropsychology. Although neglected at the 
beginning of this century, it is the phenomenon of functional selectivity which 
currently intrigues and stimulates many cognitive scientists. This interest goes 
back to the 1960s, but more especially to the 1980s, when a large proportion of 
the work done in neuropsychology started to favour functional explanations of 
the disorders over neuroanatomical ones. These explanations were couched in 
terms of transformations sustained by the cognitive system. The search for  (p. 
200) functional explanations does not, however, imply rejection of explanations 
formulated in neuroanatomical terms. Rather, this approach represents the 
awareness that, even if the ultimate goal is to understand the neural bases of 
cognition, neuropsychological data can only be exploited if theories of normal 
functioning exist. Without an implicit or explicit model of how a normal system 
operates, it is difficult to conceptualize how it may be disrupted. Nor may just 
any type of dysfunction occur, for the disorder is constrained by the organization 
of the undamaged system, that is to say that of the normal cognitive system.

This approach to neuropsychology is now known as cognitive neuropsychology. It 
has been pursued with increasing sophistication in many realms of cognition 
(Ellis and Young 1988; Shallice 1988); the endeavour has proven to be extremely 
fruitful in the areas of reading (and dyslexia: Patterson et al. 1985), of memory 
(and amnesia: Shimamura 1989) and, more recently, of vision (and visual 
agnosia: Kosslyn et al. 1990). In this chapter, I will discuss how and according to 
what principles the neuropsychology of non-linguistic auditory functions might 
be exploited with similar success.

Although my analysis of the auditory disorders will be basically functional, it 
might be useful here to provide a brief review of the neural background. In 
theory, knowing how the brain is organized, i.e. studying the ‘hardware’ of the 
human cognitive system, might constrain the nature of the functional 
architecture (or ‘software’) that is compatible with it. Currently, however, 
knowledge of the cerebral organization of auditory function emphasizes the 
importance of the functional analysis, rather than establishing constraints on it. 
Nevertheless, this brief detour into neuroanatomy will enable me to qualify 
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certain widely held ideas concerning hemispheric specialization which inevitably 
come to mind.

7.1 Cerebral Organization
One of the most striking and probably distinctive anatomical correlates of the 
human species corresponds to the lateralization of linguistic functions to the left 
hemisphere. A widely held belief attributes the other auditory functions (such as 
those involving music and environmental sounds) to the right hemisphere. This 
belief stems from a particularly prolific period of research dating from the 
1960s.

The abundance of research conducted on questions of hemispheric specialization 
is due not only to its obvious intrinsic interest, but also— and especially—to 
certain methods discovered at that time. One of these methods, though not 
readily available, played a determining role in spurring researchers' fascination 
with hemispheric specialization. This method, known as the ‘split brain’, involves 
cutting (for therapeutic  (p.201) reasons) the commissures that establish a 
direct link between the two hemispheres of the brain. Each hemisphere can then 
be explored independently of the other as long as presentation and response are 
carefully controlled. Studying such patients has led to the acceptance of the 
concept of functional autonomy of the two hemispheres. Unfortunately, this 
technique has never been used, as far as I know, to study the recognition of non- 
verbal sound events. Another method developed in the 1960s, this time far 
easier to pursue, is the measure of laterality in normal subjects. The preferred 
technique in auditory research is the dichotic listening method—this method 
involves presenting each ear with a different stimulus simultaneously, and 
observing differences in performance according to ear of presentation. A 
contralateral relationship between the superior ear and die dominant 
hemisphere has been demonstrated, thus permitting the inference of 
hemispheric difference based on lateral difference. This method has been used 
extensively in auditory research (Hugdahl 1988). Finally, during die same period, 
the study of brain-damaged patients underwent a paradigmatic shift away from 
the examination of single cases to the study of groups. This shift has facilitated 
studies of hemispheric differences since most patients have damage restricted to 
a single hemisphere. All of these methodological developments taken collectively 
explain why hemispheric specialization became a dominant theme in 
neuropsychology during the latter half of this century. These paradigmatic 
changes also helped to establish the verbal/non-verbal distinction mentioned 
above, only to challenge it shortly thereafter.

The processing of language and music are two functions that have been 
considered as representing the verbal and non-verbal domains par excellence. 
Yet it is now generally accepted that this distinction alone does not adequately 
capture the division of functions between the cerebral hemispheres. While it is 
relatively clear that speech perception depends critically on the integrity of the 
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left hemisphere, musical perception is far from displaying a comparable 
lateralization in the right hemisphere (see Zatorre (1984), Lechevalier et al. 
(1985), and Peretz (1985) for recent reviews of research conducted with 
patients, and Peretz and Morais (1988) for a recent review of research 
conducted on normal subjects). In fact, the observed bias in favour of the right 
hemisphere rests on an accumulation of data in a highly specific sector of music 
perception, namely the organization of pitch presented in isolation, in chords or 
in melodies. Other aspects of music have received far less attention, such as 
those depending on the temporal dimension or on access to pre-existing 
representations, and these would seem to involve rather the left hemisphere (or 
at least not to be linked to a particular hemisphere).

In fact, the notion of right hemispheric specialization for non-verbal auditory 
functions stemmed from the idea that the cerebral hemispheres were specialized 
for dealing with entire functions such as language or  (p.202) music. The 
possibility that components of these functions, rather than the entire function, 
might be lateralized was completely overlooked. Today, it is largely accepted 
that any attempt to explain hemispheric specialization in terms of whole 
functions or in terms of general-purpose principles, such as the ‘analytic-holistic’ 
distinction (Bradshaw and Nettleton 1981), cannot do justice to the complexity 
of the phenomenon. The current trend is better motivated theoretically, since it 
is based on the notion that every mental function relies on the involvement of a 
set of multiple processing components, each of which may be lateralized 
differently in the brain (Allen 1983). This concept is far more compatible with 
the observation that both cerebral hemispheres participate in processing music 
and that auditory agnosia is usually the result of bilateral lesions. Furthermore, 
this approach stimulates research of a more functionally oriented nature, by the 
need to define and delineate the processing components at work within each 
function. The advantage of this orientation of research on hemispheric 
specialization is that the phenomenon escapes marginalization by becoming an 
integral part of the cognitive sciences. The drawback is that for certain 
functions, such as the recognition of non-verbal events, we still lack models 
describing the nature of the various processing components and the way they 
are organized to constitute a given function. This directly concerns the level of 
functional analysis that will be discussed in the following section.

Thus, research carried out on the neural bases of auditory function has acquired 
a new sophistication by requiring the cognitive components to be well defined in 
order for their cerebral location to be pinpointed. There are already indications 
that adopting such an approach to the localization of elementary components is 
the most appropriate level of analysis. As an example, I will cite work done by 
Robert Zatorre at the Montreal Neurological Institute on pitch perception of 
complex tones (Zatorre 1988). Exploiting the phenomenon of the missing 
fundamental, well known in psychoacoustics and probably due to central rather 
than peripheral processing (Houtsma and Goldstein 1971), Zatorre suggested 
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that this operation was carried out in a very specific area of the brain, namely at 
the level of Heschl–s gyri in the right hemisphere. Catherine Liègeois-Chauvel is 
currently pursuing this type of research in Rennes, by attempting to specify the 
neural mechanisms involved. This type of research conducted on human subjects 
is far more precise than the efforts summarized in the context of hemispheric 
specialization, and it furthermore establishes links with animal research. It is 
probably at this level of elementary functional organization that progress will be 
the most spectacular, as is now happening with research in vision.1

 (p.203) In conclusion, research on cerebral organization has not yet yielded 
clear constraints or indications of the way in which the auditory system is 
organized functionally. Rather, the following section will show how 
neuropsychological research can provide further information on this question of 
functional organization, especially by studying brain-damaged patients, but also 
by occasionally exploiting hemispheric differences in normal subjects.

7.2 Functional Organization
As mentioned at the outset, brain damage may offer unparalleled opportunities 
to observe clear-cut functional specificity. To illustrate the phenomenon, I will 
take a well-known example of selectivity between language and music (see 
Dorgeuille (1966) and Marin (1982) for reviews of published cases). The most 
famous case is probably that of Shebalin, the Russian composer who, following 
damage to the left hemisphere, was completely aphasic for the rest of his life; he 
could neither understand speech nor speak intelligibly. He nevertheless 
continued to compose, notably completing his fifth symphony, which 
Shostakovitch considered to be one of his most brilliant and innovative works 
(Luria et al. 1965). Shebalin therefore displayed severe language deficits yet 
retained his musical skills to a remarkable degree. This dissociation cannot 
simply be explained by the fact that Shebalin was ‘abnormally musical’ from the 
start. Indeed, the inverse dissociation has recently been observed in a person 
devoid of any special talent, linguistic or musical. This person, C.N., is a young 
nurse who never received any musical education. As a consequence of 
successive damage to the two temporal lobes she was unable to recognize the 
simplest tune. She no longer recognized excerpts from her own record 
collection, unless the music was accompanied by words. Nor could she sing the 
children–s songs that she used to enjoy singing with her young son. Yet C.N. did 
not encounter the slightest difficulty in understanding and communicating 
verbally. This retention of perfect language abilities has enabled her to resume 
her professional career (Peretz et al. 1991).

The straightforward implication of this brief description is that language and 
music do not share the same processing mechanisms. Rather they  (p.204) 

enjoy functional autonomy. This conclusion may appear trivial to some, but 
certainly not to everyone. Even today, music is conceived as a sort of 
epiphenomenon, implying that it relies on processing components used for other 
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functions, such as language (Lerdahl and Jackendoff 1983; but see Jackendoff 
(1987) for a radically different evolution). For most of us, however, music and 
language are distinct functions. Accordingly, the interest of cases such as those 
of Shebalin and C.N. resides mainly in determining the functional locus at which 
music and language are dissociated. For example, if it were shown that C.N.–s 
amusia resulted from a perturbation of the mechanisms involved in ‘auditory 
scene analysis’ as described by Bregman (1990, Ch. 2 this volume), such an 
observation would be far from trivial. It would suggest that language and music 
possess their own scene analysis mechanisms (as argued, in fact, by Liberman 
and Mattingly (1985) for speech). Consequently, the interest of a given 
dissociation depends on the theoretical context adopted. Moreover, dealing with 
two global functions—such as language and music—is not very informative in 
itself, as was pointed out in the previous section, since the distinction is too 
broad to be instructive. As will be seen, music is not a monolithic skill that an 
individual either possesses or not. It is based on numerous components that may 
be dissociated or isolated, along boundaries as clear cut as those observed 
between language and music in Shebalin and C.N.

The methodological point to be drawn from the above discussion is the use of 
dissociation. This is the method that derives par excellence from the level of 
functional analysis of neuropsychological data (Teuber 1955; Shallice 1988). The 
dissociations are of two basic types: selective loss and selective sparing. If a 
patient can no longer accomplish operation X (selective loss) but is able to 
perform operation Y (selective sparing) then the dissociation of X from Y 
suggests that the two operations are performed by different mechanisms. The 
inference is that much stronger if another patient is found to display the inverse 
dissociation, that is to say the loss of Y and the sparing of X. These two patients 
then become an instance of a double dissociation; Shebalin and C.N. fulfil these 
conditions.

The logic of the argument is quite simple. The validity of inferences on normal 
functioning are not. First of all, the dissociations concern the performance on 
tasks and not directly the operations under study. The problem is that any task 
implies the involvement of multiple operations. Consequently, a dissociation 
between two tasks is only interesting to the extent that it is not self-evident and 
enables inferences to be made about a particular component of a mental 
operation. This methodological problem is not restricted to neuropsychology, but 
applies to psychology in general (see Dunn and Kirsner 1988). Nevertheless, as 
will be seen below, the question of the disparity of tasks becomes particularly 
thorny in  (p.205) neuropsychological practice. Secondly, studying the 
performance of brain-damaged patients in order to make inferences about 
normal functioning implies the acceptance of a series of postulates that may turn 
out to be too rigid (Caramazza 1984). For example, selective loss is assumed to 
result from elimination of an operation and not from reorganization occurring as 
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an adaptation to brain-damage; these adaptations might relate only indirectly to 
the way a normal system operates.

In any event, dissociation remains the preferred method for studying brain- 
damaged patients since it often occurs in an extremely robust and clearly 
quantitative fashion. Empirical phenomena depending on research involving 
normal subjects are, in contrast, often fragile, by being small and vulnerable to 
experimental conditions. Thus, neuropsychological research will continue to be a 
valuable source of information concerning cognitive functioning, since the 
problems raised by the study of brain-damaged patients can be offset by seeking 
points of convergence in normal subjects. This is the approach advocated in the 
following discussion of auditory agnosia.

7.3 Auditory Agnosia
Auditory agnosia has been recognized for over a century (Lichtheim 1885). 
Typical sufferers are persons of about 50 years of age who suddenly complain of 
hearing all sounds as unintelligible noises (gratings and squeakings). The 
patients behave like deaf people who can still read, speak, and write; they are 
not completely deaf, however, since they can usually perceive changes in 
frequency, intensity, and duration of the sound events presented to them. By way 
of example, an agnosic patient studied by Klein and Harper (1956, p. 114) made 
the following remarks: ‘… I know exactly what I want to say but I don't know 
whether it is right or wrong. … I know I am speaking but I can't hear the words 
right, not the actual words, I can hear the voice’. Auditory agnosia therefore 
involves a problem of recognition and identification that cannot be explained by 
deafness as such, nor by a difficulty in verbal expression. The disorder is specific 
to the interpretation of the auditory input: the patient who cannot recognize a 
sound event can usually do so in another medium, such as by sight or touch. 
Most descriptions of auditory agnosia are limited to this general description.

Since the 1970s, however, experimentation has become more precise at the 
functional level. Such research follows two basic lines. One line involves 
distinguishing between verbal agnosia (involving comprehension of speech) and 
non-verbal agnosia (involving recognition of sounds other than speech). This 
distinction has led to changes in terminology; ‘auditory agnosia’ thereafter 
refers to a disorder limited to non-verbal events  (p.206) whereas difficulty in 
recognizing speech is referred to as verbal agnosia or, more often, as verbal 
deafness. This differentiation of agnosias according to the nature of the sound 
event involved will be taken up later. The other major line along which agnosia is 
generally studied concerns the distinction between perception and recognition. 
This distinction is formulated in neuropsychological terms as apperceptive and 
associative agnosia, and invokes a very simple recognition model (see also 
McAdams, Ch. 6 this volume, for a discussion of recognition and identification 
processes). Since this model guides much research in the non-verbal domain, it 
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will be explained below, followed by a discussion of how neuropsychological data 
support it.

7.3.1 Auditory Recognition: A Two-Stage Process

The term agnosia refers to a problem of recognition. Recognition here means a 
sense of familiarity stemming from the contact between an external event and 
the internal representation of previous experiences of that event. This is 
basically what the two-stage process shown in Fig. 7.1 describes. The first stage 
involves analysing the sound event in order to abstract its properties; this 
analysis leads to the perception and discrimination of events. The second stage 
involves making contact between the percept and mental representations; in 
other words, the percept activates schemas or previous experience. In so far as 
this contact or activation is successful, recognition occurs. It should be pointed 
out that this conceptualization is neither new nor limited to audition; it was 
proposed in the nineteenth century by Lissauer (1988) to account for visual 
agnosia.

According to this view, the only way to impair the recognition system, and 
therefore to induce agnosia, is to disrupt the analysis or to degrade the mental 
representations. Impairment of the first stage would lead to so-called 
apperceptive agnosia; impairment of the second stage would lead to associative 
agnosia. In other words, people suffering from apperceptive agnosia can no 
longer recognize sound events because their perceptual analysis process is 
clearly deficient. In contrast, people suffering from associative agnosia can no 
longer recognize sound objects despite adequate analysis of the relevant 
features. It is important to determine the extent to which this two-stage process, 
which would classify agnosic patients with clear perceptual problems separately 
from those without such problems, is an empirically valid distinction. Indeed, 
although this recognition model seems intuitively correct (though probably too 
broad), it is currently being challenged by a new type of modelling that 
conceives of perception as being an intrinsic part of the process of recognition.

According to these new models—known as connectionist networks or parallel 
distributed processing—the representations cannot be altered  (p.207)

without also altering the 
perceptual processes (see 
McClelland and Elman (1986) for 
the elaboration of such a model 
for speech recognition). 
Recognition results from the 
stabilization of a network, in a 
state that is maximally consistent 
with the activation from the stimulus and the knowledge of previous experience 
encoded in the strength of connections among units in the network. According to this 
type of conception, the network arrives at a complete or correct interpretation of the 

https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780198522577.001.0001/acprof-9780198522577-chapter-7#acprof-9780198522577-figureGroup-37
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780198522577.001.0001/acprof-9780198522577-chapter-7#acprof-9780198522577-bibItem-503
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780198522577.001.0001/acprof-9780198522577-chapter-7#acprof-9780198522577-bibItem-506


Auditory agnosia: a functional analysis

Page 9 of 32

PRINTED FROM OXFORD SCHOLARSHIP ONLINE (oxford.universitypressscholarship.com). (c) Copyright Oxford University Press, 
2021. All Rights Reserved. An individual user may print out a PDF of a single chapter of a monograph in OSO for personal use. 
Subscriber: Universite de Montreal; date: 23 July 2021

Fig. 7.1  Representation of the two-stage 
recognition process and classification of 
the resulting agnosias.

stimulus by combining information from the sound event and from the stored 
perceptual experience. If injured, such a system would not distinguish between 
apperceptive agnosia and associative agnosia since all forms of agnosia would 
necessarily entail perceptual disorders.
Most agnosics do, in fact, fulfil 
this prediction; they exhibit 
severe perceptual problems 
leading to the inability to 
recognize sounds. A common 
interpretation of these disorders is to attribute them to an impairment in acuity 
or in temporal resolution (e.g. Albert and Bear 1974; Auerbach et al. 1982; 
Butchel and Stewart 1989).When the agnosia primarily concerns speech sounds, 
deficiencies in phonemic discrimination are often invoked (Chocholle et al. 1975; 
Denes and Semenza 1975; Saffran et al. 1976). In all these cases, and whatever 
the exact interpretation given to the perceptual difficulties, the perceptual 
deficit is held to be responsible for the inability to recognize sounds. These 
observations are compatible with both types of model, that is to say the two- 
stage process and the connectionist model. The only type of observation that 
would differentiate them involves cases of associative agnosia. Such patients 
should, for instance, be able to describe or reproduce the mewing of a cat but be 
unable to recognize it or to decide whether they have ever heard such a sound. 
Once shown the cat in question, the patients should be able to identify it 
immediately.

Such descriptions exist in the case of speech recognition (Kohn and Friedman 

1986) whereas nothing similar, to my knowledge, has been reported in the non- 
verbal domain. Nevertheless, several reports match this ‘perception without 
recognition’ phenomenon and have been labelled  (p.208) ‘associative agnosia’. 
These observations arise from three experiments dealing with different types of 
sound: environmental sounds (ranging from noises made by household objects to 
animal cries), human voices, and tunes.

The first study to have suggested the existence of associative agnosia in auditory 
perception was conducted by Vignolo (1982). The experiment entailed two tests. 
In one, the patient had to decide whether two mixed noises (taken from sound 
tracks of radio programmes) were identical or not. In the second test, the 
patient had to recognize a familiar sound event (for example, a braying donkey) 
by selecting one of four images of the potential source (donkey, cow, elephant, 
and ambulance). Some patients (with lesions in the left hemisphere) exhibited 
normal performance in the discrimination test but performed well below normal 
on the recognition test. The second study followed basically the same design and 
produced similar results pertaining to the recognition of human voices (Van 
Lancker and Kreiman 1987; Van Lancker et al. 1988). Some patients could 
distinguish normally the voices of unknown individuals pronouncing the same 
sentence, yet were unable to recognize famous people from their voices. The 
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same conclusions apparently apply to the recognition of well-known tunes 
(Eustache et al. 1990).

In general, then, the fact that cases of associative agnosia have been observed 
tends to invalidate the connectionist type of model and to corroborate the two- 
stage model since it would seem that recognition can be dissociated from 
perception. Such dissociation, although suggestive, should be treated cautiously. 
First of all, the absence of perceptual disorders was inferred from the results on 
a single test. It is highly possible that potentially instructive disorders escaped 
this limited assessment. This is one of the reasons why a growing number of 
researchers feel that the detailed examination of single cases, employing 
multiple tasks, is the only way to achieve tangible progress in this area. 
Secondly, the tests used to assess perception and recognition were quite 
different in nature. This disparity might trigger the use of distinct mechanisms 
that differ not only in perceptual demands but also in decision-making 
operations. In the cases just cited, those of ‘perception without recognition’, this 
disparity in tasks would not seem to be crucial, however, since observations run 
counter to intuitive expectations. Indeed, the perceptual tasks appear more 
difficult to perform than the recognition tasks, although it is the former that are 
spared and the latter, less vulnerable ones that are most affected.

On the other hand, this disparity in tasks may easily account for the inverse 
dissociations described in these same experiments, with the exception of the one 
conducted by Eustache et al. (1990), to which I will return below. Vignolo (1982) 
and Van Lancker (Van Lancker and Kreiman 1987; Van Lancker et al. 1988) both 
report cases of ‘recognition without  (p.209) Perception’. This no longer 
involves apperceptive or associative agnosia for it concerns patients who display 
the paradoxical phenomenon of being able to recognize a noise or a familiar 
voice while being unable to discriminate between unfamiliar noises or voices. 
The phenomenon loses its strangeness when one considers the difficulty 
involved in discriminating between events for which we have no previous 
experience, compared with the processing of familiar events. It is probable that 
in audition more than in any other area, only part of the stimulus is necessary to 
activate its representation; this representation can therefore subsequently 
contribute to its perceptual analysis. This type of interaction is favoured by the 
intrinsically sequential nature of the information. It is thus conceivable that in 
hearing—to a greater extent than vision, for example—access to intact 
representations can compensate for a deteriorated percept and thus lead to 
recognition. In the absence of the assistance supplied by such representations, 
as is the case with the stimuli used by Vignolo and Van Lancker in perceptual 
tasks, the deterioration of perceptual processes is more noticeable than those of 
recognition.
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This explanation in terms of task disparity nevertheless fails to account for the 
more carefully controlled study of Eustache and his colleagues (Eustache et al. 
1990, case 2). These authors presented their patient with pairs of familiar tunes. 
In one situation, the patient had to give the title of both songs after having 
listened to the pair. In the other situation, the patient had to indicate whether 
the two songs were identical or different. The patient succeeded in identifying 
the pairs normally, yet was completely unable to discriminate between them. 
This condition of spared recognition with severely impaired discrimination 
cannot be reduced to a methodological issue since the task parameters were 
identical in the two situations. These surprising results thus raise numerous 
questions. Notably, if a patient can identify a pair of melodies, say ‘Frère 
Jacques’ and ‘Au clair de la lune’, why doesn't he use these codes to determine 
that the two melodies are different and thus overcome the difficulties in 
perceiving? Finally, and more generally, this case of ‘recognition without 
perception’ suggests that the two-stage model is probably too simple when it 
posits a single route of access to representations via the perceptual analysis of a 
sound event. It is quite likely that more than two stages are required and that 
various parallel entries are possible, as is already acknowledged for speech (Ellis 
and Young 1988) and as will be suggested below for music.

To sum up, it is obvious that many questions remain open at this point, since the 
data are relatively recent and scarce. It would therefore be premature to draw 
any firm conclusions. Current data nevertheless strongly support the idea that at 
least two processing components are dissociable in the recognition of non-verbal 
sound events such as environmental sounds (Vignolo 1982), human voices (Van 
Lancker et al. 1988),  (p.210) and tunes (Eustache et al. 1990). These involve 
the processes that effect perceptual analysis and the mechanisms that allow 
access to the representations of prior experience, respectively. The two-stage 
model (Fig. 7.1) would therefore seem to have some psychological reality, 
although its precise structure has yet to be defined. The question that arises at 
this point is knowing how many systems of this kind are involved in auditory 
recognition. In other words, the suggestion that these two stages are of an 
undifferentiated or general-purpose nature may now be examined on the basis of 
the various types of agnosia known to exist.

7.3.2 Specific recognition systems

As illustrated previously, speech and music can dissociate after brain damage. 
This description fits with the widely acknowledged verbal/non-verbal dichotomy 
mentioned previously. Although this distinction was shown to have limited value 
when applied to the division of functions between the cerebral hemispheres, it 
enjoys a respectable reputation outside the field of neuropsychology. This is 
mainly due to the theoretical and empirical support provided by researchers 
affiliated with the Haskins Laboratories in the United States. They (see, in 
particular, Mann and Liberman (1983)) argue that there are essentially two 
modes of auditory perception. One is dedicated to speech—the phonetic or 
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speech mode—and the other is a general-purpose system handling all the non- 
speech sounds—the auditory mode. There would thus be essentially two types or 
two series of dissociable systems depending on whether the information to be 
processed is speech or not. Consequently, only two broad types of agnosia 
should be encountered. On the one hand, there would be all those forms of 
agnosia involving speech without necessarily affecting the recognition of other 
types of sound. On the other hand, and inversely, there would be non-verbal 
agnosias that would spare speech recognition but affect any other type of sound, 
without further distinction. It will be shown that this division into two domains is 
insufficient to account for the various forms of auditory agnosia.

Usually, auditory agnosia is general or global, in the sense that it applies to all 
types of auditory event. Numerous cases of dissociation have nevertheless been 
noted.2 These seem to confirm the speech versus auditory mode dichotomy. 
Indeed, there are several reports of agnosia for speech, sparing either music or 
environmental sounds (Albert and Bear 1974; Metz-Lutz and Dahl 1984; Yaqub et 
al. 1988). In contrast, though less frequently, there have been cases of impaired 
processing of music  (p.211) and environmental sounds, with no impairment of 
speech (see, in particular, Spreen et al. (1965)). This set of studies therefore 
constitutes evidence of a double dissociation between the recognition of speech 
and non-speech sounds.

Apparently, however, a single system does not govern all non-speech sounds. My 
colleagues and I (Peretz et al. 1991) have documented two cases of patients with 
music agnosia who display no difficulty in recognizing environmental sounds or 
in understanding speech (as mentioned above in the description of C.N.). This 
selective impairment then completes the double dissociation suggested by a 
previous study in which recognition of speech and environmental sounds was 
impossible while recognition of melodies remained unimpaired (Laignel- 
Lavastine and Alajouanine 1921). Cases of selective impairment involving only 
environmental sounds (i.e. in sparing speech and music) have never been 
documented, to my knowledge, except during recovery (see below). The fact that 
this domain can be selectively spared (Tanaka et al. 1987; Eustache et al. 1990) 
suggests, however, that environmental sounds constitute a category distinct 
from music and speech.

Taken together, the data strongly suggest that at least three distinct systems of 
recognition exist. This suggestion has direct implications for the functional 
architecture of auditory perception. It is therefore crucial to seriously entertain 
the possibility that dissociation by domain corresponds to differences in kind 
rather than a difference in degree. Indeed, it is plausible that the three domains 
under consideration could be placed along a continuum of difficulty (if, for 
instance, perceptual analysis is considered) or automaticity (if access to 
representations is at issue). Along a continuum, differences in the severity of 
brain damage could lead to dissociations within a single system of auditory 
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recognition. If brain damage is slight, then the patient would experience 
difficulty with the most complex, or least automatically recognizable, stimuli. 
Since speech can be regarded as the most complex stimulus, it would be the 
most vulnerable domain if the continuum is based on complexity. If, on the other 
hand, the continuum involves differences in automaticity, speech would be the 
least vulnerable. Thus, whichever principle is adopted, speech would be located 
at one of the extremes. As far as music and environmental sounds are 
concerned, it is difficult to offer an hypothesis at this time, for no normative data 
are currently available.

Although parsimonious, the notion of a differential gradient of difficulty (or of 
automaticity) for the various auditory domains encounters serious objections. 
First of all, stages of recovery are not identical from one patient to another. If a 
single gradient were involved, recovery of auditory functions should proceed in a 
consistent order. Yet, two case studies present diametrically opposed sequences 
of recovery. In the first (Mendez and Gechan 1988), environmental sounds were 
recovered first,  (p.212) followed by music and finally speech; in the second 
(Motomura et al. 1986), the order was reversed. Although the first case might 
represent a gradient in complexity (from simplest to most complex) and the 
second case might represent a gradient in automaticity (from most to least 
automatic), the fact that both concerned cases of apperceptive agnosia makes 
this hypothesis unlikely. The strongest argument against the notion of a gradient 
remains the observation of double dissociation between domains—between 
speech and non-speech sounds on the one hand, and between music and 
environmental sounds on the other. If there were only one system of recognition, 
it should be possible to observe dissociations in one direction only, and not in the 
other. Consequently, neuropsychological data strongly suggest that several 
recognition systems exist that are specialized according to the nature of the 
sound event. From what has just been discussed, at least three such systems 
would exist: one for speech, another for music, and a third for other, so-called 
environmental, sounds.

This hypothesis nevertheless raises several questions. The first question 
concerns the number and nature of domains worthy of examination. Does any 
newly observed dissociation imply the existence of yet another system? This is a 
potentially dangerous attitude. Other criteria must be taken into consideration, 
notably criteria of evolution and specificity, as described by Fodor (1983). A 
second question follows from this initial one, namely estimating how and to what 
extent a specific system could process an event outside its own domain. Finally, 
and above all, it is necessary to determine the level of processing that 
constitutes the specificity of a given domain. As far as speech is concerned, 
several hypotheses exist. Specificity is often attributed to phonological encoding, 
in requiring knowledge of units and combinatory rules that are language 
specific. Nothing similar yet exists for the other auditory domains (although see 
Peretz and Morais (1989) for an attempt in this direction in the domain of 
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music). It is therefore important at this stage to formulate hypotheses about the 
processing components involved in each domain and to measure how and to 
what extent neurological damage of each of these components can lead to 
agnosic disorders. This is the approach that will now be taken with music.

7.3.3 The Case of Music

Music reaches the listener in the form of an extremely rich and complex sound 
wave conveying an eminently sequential structure. Without seeing the sound 
source, listeners can infer a vast amount of information from that structure, 
such as the instruments generating the sound and the musical genre; they can 
often also appreciate the musical intention. Indeed, music fulfils numerous roles, 
from the evocation of a certain  (p.213) emotional ambience (as used notably in 
films and advertising), to incitement to collective dance and song, to pure 
aesthetic pleasure (i.e. food for thought). In the latter case, for instance, the 
listener3 must have swift access to the appropriate tune. It is this particular, and 
therefore restrictive, instance of tune recognition that will be discussed here.

Even in the simple case of a tune being distinctly sung or produced by a 
computer with no accompaniment or background noise, its recognition will 
suppose the intervention of multiple processing components. Their output 
should enable the listener to compare it with all the tunes that he or she knows, 
in order to determine the closest correspondence and thus to discover its 
identity. It is therefore suggested here that musical recognition, like speech 
recognition, involves the existence of a sort of lexicon of abstract 
representations of all the tunes that a listener knows. These representations 
would be structural and specific, in the sense that they would contain no 
associated extra-musical information (for example, genre, social context, etc). 
Such associations are of a more general nature, and are probably not specific to 
music but are accessible through other means and probably vary from one 
individual to another (but see Halpern (1984) for a relatively systematic 
organization of such associations).

Little research has been done on how such a lexicon might be organized. The 
ensuing question concerns the nature of the cues that will be effective in 
activating the appropriate lexical entry. Indeed, knowledge of such factors would 
constrain the nature of the prior processing that must be postulated. If, for 
example, Serafine and her colleagues (Serafine et al. 1984, see Section 3.3.3, 
and Crowder, Ch. 5 this volume) were right in postulating that recognition of 
songs occurs in an integral way in so far as one cannot access the tune without 
accessing its text and vice versa, the existence of a system or processing 
component for integrating melody and text prior to accessing the lexicon would 
be required. It will be seen below how neuropsychology can provide clues as to 
what ways of recognizing familiar tunes are more plausible than others.
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Fig. 7.2  Functional diagram of the 
recognition of tunes as suggested by 
research conducted on brain-damaged 
patients.

To make the following argument clearer, I have schematically illustrated (and 
probably over simplified) in Fig. 7.2, the functional implications of our studies 
conducted mostly with brain-damaged patients, but also with normal subjects. 
These observations tend to indicate that a tune is the object of parallel structural 
analyses of its pitch variations, called melodic organization, and of its temporal 
features, called temporal organization. Each of these systems of analysis entails 
a distinct series of  (p.214)

components; for the moment, it 
has been possible to dissociate 
only certain components 
participating in the elaboration of 
a distinct melodic representation. 
The output representation of this 
series of melodic operations would 
be determinant in the activation of 
a particular tune stored in the 
lexicon. In other words, and as far 
as the Western system is 
concerned, recognition of familiar 
tunes would be primarily melodic 
rather than rhythmic. Moreover, 
this recognition would be 
independent of the words that go 
with the music.
The diagram thus recognizes 
three routes of access to a 
familiar tune of which one, the 
melodic route, is given priority status. It is appropriate here to mention that the 
data on which this schema is based stem from my own recent research. This 
must therefore be considered a provisional diagram. By making it explicit, 
however, the model is open to potential falsification and above all has some 
heuristic value for classifying and discussing disorders related to music 
recognition. I will therefore follow the diagram, first dealing with the distinction 
between the melodic and the temporal routes that musical information follows. 
Then I will discuss the various melodic transformations that such information 
appears to undergo, and will finally deal with the activation of lexical 
representations.  (p.215) There are two fundamental dimensions to the 
recognition of a familiar tune—the melodic dimension (defined by sequential 
variations in pitch) and the temporal dimension (defined by variations in 
duration). Variations in intensity (dynamics), in spectral composition (timbre), 
and in speed (tempo) probably facilitate recognition in so far as they respect the 
structure of the original tune, or of its most frequent version, but apparently are 
not determining factors, at least not when highly familiar tunes from the 
Western musical system are involved. People do recognize their national anthem 
easily regardless of whether it is sung, played on an instrument lacking 
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dynamics (such as the harpsichord), or played fast or slow. A melodic or 
rhythmic error, on the other hand, is readily detected and, depending on how 
serious it is, may lead to ambiguity or failure to recognize the target tune.

These two essential dimensions of music perception, melody and rhythm,4 have 
been treated independently, both in theory and practice (see, for example, 
Deutsch and Feroe (1981) for a model of melody perception, and Povel (1984) 
for a temporal model). Recently, this tradition has been challenged by Jones and 
her colleagues (Jones et al. 1982; Boltz and Jones 1986; Jones 1987; Jones et al. 
1987), who have shown on numerous occasions that melody and rhythm are not 
independent but are processed as a single unit in perception and memory.

Neuropsychological data do not support their hypothesis, however. In 
behavioural spheres other than listening, several cases have already been 
described in which melody and rhythm were affected differently by brain 
damage. In terms of singing skills, rhythm may be spared when melody is lost 
(Mann (1898) and Josmann (1926) reported in Dorgeuille 1966), and vice versa 
(Brust 1980; Mavlov 1980). The same double dissociation has been reported in 
reading music (see Dorgeuille (1966) and Brust (1980) for a selective loss of 
rhythm; Dorgeuille (1966) and Assal (1973) for a selective loss of melody). Thus, 
there is evidence that melody and rhythm are dissociable, although the 
indications are indirect since they address issues somewhat removed from 
auditory perception and are often reported in an anecdotal (non-quantified) 
fashion. More recently, I have found evidence for extending this double 
dissociation to perception (Peretz 1990) and have reproduced the phenomenon 
under different experimental conditions (Peretz and Kolinsky 1993).

 (p.216) The task involved in these two studies was of the classic ‘same— 

different’ classification type. Subjects listened to two short passages and had to 
judge whether they were identical or different. Unfamiliar musical material was 
used, and was altered only along one dimension—melody or rhythm—in a way 
relevant for discrimination. Sometimes the irrelevant dimension was 
‘neutralized’ in the sense that it never varied (for instance, a single duration was 
used for creating melodic variations), sometimes it was present but of no 
discriminatory relevance (for example, rhythmic variations might be present in a 
pair of stimuli that differed in terms of melody, but such variations would remain 
unchanged across both members of the pair). Finally, sequences that varied in 
both melody and rhythm were used, following the procedure of Jones et al. 
(1987); instructions to subjects changed since they were now asked to pay 
selective attention to rhythm in spite of any potential changes in melody. Under 
all these conditions, we observed a dissociation between the ability to process 
one of these two dimensions and the inability to process the other dimension. 
This double dissociation, encountered in a clear fashion in six patients tested 
under the same experimental conditions, is represented in Fig. 7.3.
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Comparison of the results of these patients with those of neurologically healthy 
subjects (matched in terms of age and education) reveals dissociations that 
appear robust (expressing a classic dissociation according to the criteria 
described by Shallice 1988). When performing identical tasks, patients scored 
well below the normal range (established by control subjects) in the deficient 
dimension but within the normal range in the unaffected dimension. Normal 
variations theoretically indicate the level of performance attained by patients 
prior to brain damage. Consequently, the results given in Fig. 7.3 show that 
brain damage can produce a selective loss for one of the two dimensions 
assessed. Since such impairment can affect either melody alone or rhythm alone, 
the evidence strongly suggests that these two dimensions involve the operation 
of perceptual systems that are at least partially separable.

That this functional autonomy is easier to observe in brain-damaged subjects 
than in normal subjects is probably due to the fact that integration is inevitable 
in a normal brain. Indeed, rhythm and melody are physically integrated elements 
of music and their joint representation in a percept is probably desirable in 
order to retain the most faithful, or veridical, copy possible. In brain-damaged 
subjects, the impairment can affect mainly one system while leaving the other 
one relatively intact. In these cases, integration of melody and rhythm would 
take place only partially or not at all. This suggests that their integration does 
not take place in the early stages of processing of a musical passage, but rather 
at some later stage. The question that obviously arises is how and at what  (p. 
217)

stage this integration occurs—a 
question that remains open for the 
moment. In the issue at hand, it is 
also important to ask whether 
such integration is required for 
the activation of a lexical unit. 
This point will be taken up later 
(p. 223).
Whatever the exact nature of 
the representation required for 
lexical access, and thus for 
recognition, neuropsychological 
data suggest the existence of at 
least two dissociable routes in 
the processing of musical 
information: the melodic route 
(to be discussed more fully in 
the next section) and the 
rhythmic route (about which far 
less is known). In terms of this 

https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780198522577.001.0001/acprof-9780198522577-chapter-7#acprof-9780198522577-bibItem-531
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780198522577.001.0001/acprof-9780198522577-chapter-7#acprof-9780198522577-figureGroup-39


Auditory agnosia: a functional analysis

Page 18 of 32

PRINTED FROM OXFORD SCHOLARSHIP ONLINE (oxford.universitypressscholarship.com). (c) Copyright Oxford University Press, 
2021. All Rights Reserved. An individual user may print out a PDF of a single chapter of a monograph in OSO for personal use. 
Subscriber: Universite de Montreal; date: 23 July 2021

Fig. 7.3  Graph of results showing the 
double dissociation in discrimination of 
melody and rhythm by brain-damaged 
patients displaying a deficit for one or the 
other dimension.

latter route, I have suggested 
that it may involve the 
operation of two different 
mechanisms, namely rhythmic 
organization and metric 
interpretation (Peretz 1990). 
Although preliminary results 
suggest that these two types of mechanism are dissociable in brain-damaged 
subjects, the conclusions cannot yet be considered definitive, in so far as the 
different tasks involved did not allow direct comparison.

 (p.218) Components of the Melodic System

Recognizing a familiar tune calls on three basic features of the melody: contour, 
intervals,5 and tonal function. The exact register is of little importance—a 
familiar tune will be easily recognized whether sung by a man or a woman. 
Contour, however, defined as the overall trajectory in pitch, helps to delimit the 
possibilities; for instance, contour can enable us to guess the song being sung by 
a young child even when the intervals are unrecognizable. The critical 
information nevertheless resides in the exact interval size; this is what enables 
us to distinguish, for instance, the first four notes of Beethoven–s Fifth 
symphony (G—G—G—E♭; a falling major third interval) from those of ‘II était un 
petit navire’ (B—B—B—D; a falling major sixth). Their respective identification is 
probably also aided by the fact that the Fifth symphony implies a key of C minor 
whereas the song is in G major. Certainly, the fact that these notes obey the 
tonal constraints of the Western musical system makes recognition more likely 
than if they violated such rules and evoked an alien melody having no lexical 
representation. The respective contributions of each one of these three features 
to melody discrimination have been documented in normal subjects (see, for 
instance, Dowling and Harwood (1986) for a recent survey).

Recent research in neuropsychology has also focused on these features with 
respect to melody recognition. The initial impetus, in fact, was given by the 
influential study of Bever and Chiarello (1974). These authors suggested that 
musicians used intervals to recognize melodies, thereby depending more heavily 
on their left hemisphere for melody recognition, whereas non-musicians relied 
primarily on melodic contour, depending more on the right hemisphere. In 
addition to the fact that this observation shed new light on hemispheric 
specialization, the work of Bever and Chiarello raised the possibility that 
examination of the differences between the cerebral hemispheres could lead to 
functional dissociations within the melodic perceptual system itself (see also 
Gates and Bradshaw 1977).

On several occasions, my colleagues and I have verified the notion that melodic 
contour can be imputed to the right hemisphere whereas extraction of intervals 
is imputed to the left hemisphere. These experiments have been conducted 
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largely on normal subjects, both non-musicians (Peretz and Morais 1980; Peretz 

1987; Peretz et al. 1987) and musicians (Peretz and Babaï 1992). More recently, 
employing the same type of tasks as performed by normal subjects, the 
relevance of this distinction has  (p.219) been extended to research conducted 
on brain-damaged subjects (Peretz 1990). This latter research has led me to 
hypothesize that the extraction of contour was a preliminary and indispensable 
step to the precise encoding of intervals (see the direction of the arrows in Fig. 
7.2).

These experiments entailed running a series of tests on patients who had 
sustained a unilateral cerebrovascular accident. Four of the tests were designed 
to measure the use of contour as opposed to intervals in the discrimination and 
recognition of unfamiliar melodies. It is the convergence of the results obtained 
across all four tests that are most persuasive concerning the status of 
processing. By way of illustration, however, the results of just two of the tests 
will be discussed here. The same melodies were employed and the same tasks 
were performed in both tests: these involved judging whether two melodies 
played successively were the same or different. When the second melody 
differed, it always varied by just a single tone whose serial position changed 
from one trial to the next. In the ‘contour-violated’ test, the modified tone 
altered the contour (and thus also altered the intervals). In the other, the 
‘contour-preserved’ test, the modified tone altered the precise size of the 
intervals but not the contour (see examples in Fig. 7.4). The use of contour as a 
discriminating cue should facilitate comparison in the contour-violated condition 
by comparison with the contour-preserved condition; in this latter condition, 
exact interval discrimination was necessary to successfully accomplish the task.

The control group performed better in the contour-violated situation than in the 
contour-preserved situation. This robust effect (already observed under the 
same conditions by Peretz and Morais (1987) and Zatorre (1985)) indicates that 
subjects normally used contour in discriminating melodies. This tendency was 
also present in subjects with a left-hemisphere lesion but not in those with a 
right-hemisphere lesion. Figure 7.4 gives the results for eight patients (from 
among 20) with a deficit in one or the other condition. A deficit was considered 
as such when performance fell below the normal range. The interesting aspect 
of such an analysis at the individual level is that all the patients who displayed a 
deficit in using contour (the five patients with a lesion in the right hemisphere, 
Fig. 7.4) also displayed a deficit in the use of intervals, as shown by their poor 
performance in the contour-preserved condition. This systematic association 
between the deficits for processing intervals and processing contour observed in 
the right-brain-damaged patients stands in sharp distinction to the relatively 
clear dissociation between these same melodic features exhibited by the left- 
brain-damaged patients. Thus, the results suggest that it is still possible to use 
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Fig. 7.4  Examples of stimuli and graph 
of results obtained in the discrimination 
of these stimuli by brain-damaged 
patients displaying a deficit in the 
‘contour-violated’ condition or the 
‘contour-preserved’ condition.

contour when interval processing is deficient, but not vice versa. When contour 
is affected, intervals are also affected.

Taken in isolation, such results should be interpreted with caution, for  (p.220)

a number of reasons. The major 
one is that, in the case of lesions 
to the right hemisphere, an 
association between two disorders 
was observed. This association 
does not necessarily indicate a 
link between the two tasks, since 
it may stem from the fact that a 
lesion has damaged two 
components, and not just one. For 
two components to be damaged by 
a lesion, however, they must 
occupy anatomically adjacent 
regions; but  (p.221) there is 
sufficiently strong evidence to 
suggest, to the contrary, that the 
two components in question 
involve neural substrates that are 
far apart, i.e. in different cerebral 
hemispheres. This leads to the 
assumption that the observed 
association means that extraction 
of contour is necessary for and 
occurs prior to the processing of 
intervals. This hypothesis confirms 
the two-component theory 
proposed by Dowling (1978) since 
it supports a functional distinction 
between interval processing and 
contour processing. In addition, the neuropsychological data suggest that this model 
does not involve parallel processing but rather a serial two-stage process (analogous to 
the structure of the model shown in Fig. 7.1).
These data illustrate how neuropsychology supports and can shed light on the 
distinction between the processing of contour and the processing of intervals in 
melodies. There remains, however, an essential aspect of the melodic 
organization of these intervals that has not yet been addressed—namely, the 
tonal interpretation of such intervals. A growing number of experiments 
conducted with normal subjects shows that the processing of pitch (or interval) 
reflects the listener–s tonal knowledge. This knowledge refers to the schemas or 
representations specifying the set of pitches and the combination rules that are 
acceptable in a melody belonging to the Western, or tonal, musical system (see 
Krumhansl (1990) and Bigand (Ch. 2 this volume) for further details). Moreover, 
there are empirical and theoretical reasons for supposing that the tonal 
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Fig. 7.5  An example of stimuli and graph 
of G.L.–s judgements of appropriateness 
of final tone as a function of the pitch of 

interpretation of pitch is based on a processing component highly specific to 
music and relatively autonomous in relation to the two other melodic 
components involved (Peretz and Morais 1989).

Neuropsychological data support this idea. Francès et al. (1973) and myself 
(Peretz 1993) have found that the tonal interpretation of pitch can be disrupted 
as a result of brain damage. The selective nature of this disruption nevertheless 
remains difficult to establish, since patients who display a loss at this level also 
have serious short-term memory deficits. In both studies, patients were found to 
have difficulty in remembering melodies of more than six notes. In my own work, 
I therefore used very short sequences and, once again, employed multiple tasks. 
One of them was drawn directly from experimental research in normal subjects, 
and will be given here as an illustration of the loss of tonal sense observed in the 
patient G.L.

The task in question was one successfully used by Cuddy and Badertscher (1987, 
the major triad condition) with six-year-old children (see also Trehub and 
Trainor (Ch. 9 this volume) for even more precocious evidence of this 
predisposition). In this test, listeners heard a context sequence followed by a 
tone that could take any chromatic value in the octave (see the example given in 
Fig. 7.5). Their task was to assess the extent to which this final tone constituted 
an acceptable conclusion to the melody. Judgements given by children and by 
adults with no musical  (p.222)

training preserved tonal 
constraints—they systematically 
preferred scale tones (filled notes 
on the musical staff in Fig. 7.5), 
and most notably those making up 
the major triad (boxed notes on 
the same staff). G.L., however, 
proceeded otherwise. As he 
himself explained, his judgements 
were based on his impression that 
singers normally conclude on a 
note that is close but lower in 
pitch. In other words, he relied on 
interval size and contour. This is 
effectively what emerges from an 
analysis of his responses, as 
shown in Fig. 7.5. Apart from the 
most distant tones (A# and B, 
which in fact had an ambiguous 
pitch), G.L. felt that the last tone 
was appropriate when it 
descended (all those which 
preceded G) and more particularly 
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the last tone of the context sequence. The 
results obtained under the same 
conditions by six-year-old children tested 
by Cuddy and Badertscher (1987) are 
included for comparison.

so when it was close in pitch, and rejected those that ascended (G#, A). His 
judgements were thus made irrespective of the tonal status of the pitches.
Once again, this illustration is 
merely suggestive and does not 
alone constitute a 
demonstration of G.L.–s loss of 
tonal sense. It is only the 
convergence of the results of 
this patient on six other tests (in 
matched  (p.223) individual comparisons with the results obtained by each 
normal control subject) that allows me to argue that G.L.–s behaviour, described 
here in the context of Cuddy and Badertscher–s task, is representative of his 
perceptual disorder. In general, G.L. employed contour and intervals to fulfil the 
requirements of the task, but remained perfectly insensitive to tonal structure. 
What is involved is therefore not a generalized melodic deficiency, but one 
basically affecting the tonal component. It is interesting to point out in passing 
that the inverse dissociation may occur. There has been a recent report of a 
patient suffering from agnosia and displaying a marked deterioration in the 
perception of intervals yet retaining traces of tonal interpretation (Tramo et al. 
1990).

To sum up, neuropsychological data suggest the existence of a tonal component 
relatively distinct from the other components involved in the melodic 
organization of a musical sequence. Moreover, the fact that patients with such 
impaired access to tonal knowledge also display major impairment of short-term 
memory, as mentioned above, may be taken as further evidence for the 
important role that tonal interpretation has in melodic organization. In other 
words, the results are quite compatible with one of the major roles attributed to 
tonal encoding of pitch, namely that of restricting the number of interval 
categories so that these can be assimilated by the limited capacity of the human 
perceptual system (Dowling 1978).

The Lexicon

Up to this point, it has been argued that there are probably two basic routes to 
recognizing a familiar tune based on its perceptual organization: the melodic 
route (which involves a series of distinct stages) and the rhythmic route (for 
which an internal trajectory remains to be established; see Fig. 7.2). In theory, a 
cerebral lesion interrupting one route or the other should yield difficulty in 
recognizing a familiar tune. The data examined in the section on agnosia did not 
provide information on this issue since the existence of perceptual disorders was 
usually inferred on the basis of a single test and, in addition, offered little 
information on the nature of discrimination cues.
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The two cases of music agnosia that I have studied personally—patients C.N. and 
G.L.—both exhibited amelodia but no arhythmia, that is to say their abnormal 
difficulty in melodic organization was not accompanied by problems in rhythmic 
organization (see Fig. 7.3). They also both displayed a total inability to recognize 
tunes that had once been thoroughly familiar to them. The co-existence of 
amelodia with the inability to recognize a tune is intriguing. It suggests that 
access to the lexicon is more strongly determined by melody than by rhythm. 
Indeed, if rhythm offered such access, C.N. and G.L.—whose rhythmic route  (p. 
224) seemed intact—should have displayed traces of recognition. Recognizing a 
tune from its rhythmic pattern alone nevertheless appears possible, according to 
the available literature, although this possibility remains highly limited (White 

1960). In White–s experiment, subjects were presented with a modified familiar 
tune and then had to chose from among ten possible titles for it. When the 
modification neutralized rhythmic variations (by making all durations equal) yet 
preserved melodic structure, 88 per cent of the tunes were correctly identified 
compared with only 33 per cent when the opposite modification was performed 
and in which only the rhythm would allow identification. Thus, this difference in 
results supports the idea that melody is more determinant than rhythm. In 
addition, the low rate of correct responses concerning rhythm could be the 
result of inferential rather than perceptual processes. The fact that subjects 
were offered multiple choices highly restricted the possibilities and encouraged 
reliance on auditory mental imagery.

The idea that the melodic route is crucial for accessing the lexicon, and 
therefore for recognizing a musical passage, stems from an association observed 
in two patients and therefore remains an hypothesis requiring verification, 
notably in normal subjects. This hypothesis does not exclude the possibility that 
the unit of access results from the combination of melody and rhythm. 
Nevertheless, within this combination and in the context of Western musical 
culture in which melodic organization is more sophisticated (and thus more 
informative) than rhythmic organization, the hypothesis is that melodic structure 
expressed in terms of tonal intervals is the most determining factor.

The internal organization of this musical lexicon remains largely undefined. The 
only light that neuropsychology sheds on the nature of the lexicon is that it is 
probably ‘purely’ musical and not mixed, as Serafine and her colleagues suggest 
(Serafine et al. 1984). As mentioned above, this team of researchers has shown 
that given judicious manipulation of the text and tune of newly learned songs, 
listeners behaved as though they could not access the tune without having 
access to the words, and vice versa. This phenomenon would seem to imply that 
we have only a single lexicon, in which words and music are represented as a 
single unit for a given song. Quite apart from personal experience of this 
phenomenon that renders such a hypothesis implausible (we have all found 
ourselves compulsively humming a tune yet unable to recall the words that go 
with it, though perhaps not the converse—see the directions of the arrows in the 
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diagram in Fig. 7.2), neuropsychological data are incompatible with this idea of 
a single, mixed lexicon. A patient unable to discern the words can nevertheless 
recognize the tune (Laignel-Lavastine and Alajouanine 1921; Yaqub et al. 1988), 
and vice versa. C.N. displays this latter condition, since she can unhesitatingly 
recognize the words to familiar songs yet is unable to recognize the 
corresponding music.

 (p.225) From a collection of 58 songs known to C.N. prior to her cerebral 
accident, subsequently played to her without the words, she could recall the 
words that went with them in only five cases, and with a great deal of hesitation. 
In a ‘lexical decision’ task requiring her to judge whether these tunes were 
familiar or not, 66.6 per cent of her answers were correct—only slightly better 
than chance. In contrast, when she was asked to make the same type of decision 
based on the lyrics (whether sung or spoken), she invariably had scores of 90 
per cent or more correct responses. This high rate of recognition was 
independent of whether or not the lyrics were taken from the beginning of the 
song (and therefore often corresponding to the title, e.g. ‘Au clair de la lune’) or 
were mixed in with the titles of films or familiar expressions. C.N. therefore 
exhibits a clear dissociation between access to lyrics, which she retained, and 
access to tunes, which was impaired. If the tune were in fact represented 
together with lyrics in an integral fashion, brain damage at this level should lead 
to a joint and similar deterioration of words and music. This is not the case. 
Furthermore, when C.N–s responses are analysed song by song, no link between 
recall of words and that of music emerges; for example, of those songs whose 
words she recognized as familiar, the music was judged unfamiliar as often as it 
was judged familiar. Finally, and above all, when music and words were 
combined, C.N. could recognize the words of the songs irrespective of the tune 
to which they were sung. Her responses were 91.6 per cent correct, whether 
these words were sung to the right tune or to a totally unknown tune. 
Recognition was therefore not any better when words were sung to the usual 
tune than when they accompanied a totally arbitrary tune.

A possible explanation—not a parsimonious one, but compatible with the 
neuropsychological data as well as with Seraflne–s results—is that there are not 
one or two lexicons, but three. One would be purely musical and a second purely 
verbal, as argued here (Fig. 7.2), whereas the third would be mixed. This is 
suggested by the results obtained by Samson and Zatorre (1991), who asked 
lobectomized patients to perform Serafine–s task. The differential involvement of 
these three lexicons might be conceived in terms of a reliance on the mixed 
lexicon when a unique relation exists between words and music or when the 
excerpt was heard just one time. This is the case with songs learned in the 
laboratory, but not with songs known since childhood. For these latter, two 
distinct lexicons would be compiled.
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In this final section, dealing with the access to and the nature of the musical 
lexicon, we have seen that neuropsychological data raise many questions. 
Research in this specific area, more than anywhere else, is particularly in need 
of development in both cognitive psychology and neuropsychology.

 (p.226) 7.4 Comments and Outlook
This chapter has shown how research in a specific auditory domain, namely 
music, can lead to the development of functional models far more elaborate than 
initial reports of auditory agnosia had suggested. It is my conviction that each 
domain should be explored in similar fashion if we want to understand how 
sound events are recognized, and what principles of cerebral organization are 
involved. This should lead to a better appreciation of the question of functional 
specificity, by distinguishing general-purpose mechanisms from specialized 
mechanisms, thereby identifying the levels at which cognitive domains divide. 
For example, it is reasonable to assume that the processing of melodic contour is 
not specific to music but also participates in the perception of intonation 
contours in speech. If this is the case, any impairment at this level should 
necessarily disrupt both melody perception and sensitivity to intonation.

It should be stressed, in this respect, that the marked activity in the musical 
domain compared with other non-verbal domains is probably due to the fact that 
cognitive psychology has devoted exceptional attention to this field over the past 
20 years. It is therefore likely, though not necessarily certain, that progress in 
the neuropsychological study of voice recognition and that of other sound events 
will depend on the interest shown by cognitive psychologists for these topics.

Indeed, it must be acknowledged that neuropsychological research follows, 
clarifies, and perhaps even inspires, but rarely guides, research on normal 
functioning. However, even if this situation turns out to be permanent, 
neuropsychology—like developmental research (see Trehub and Trainor, Ch. 9 

this volume)—can shed light on the way in which a system is constructed. 
Moreover, it would be helpful if the various fields of research referred to the 
same conceptual and empirical frameworks, namely those based on the cognitive 
study of young college adults, in order to facilitate the integration of data 
originating from different perspectives.
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Notes:

Thinking in sound: the cognitive psychology of human audition, ed. S. McAdams 
and E. Bigand. Oxford University Press, 1993, pp. 199–230.

(1.) The idea that research into cerebral organization can constrain 
psychological theories at a more elaborate level (notably including speech and 
music) nevertheless needs to be nuanced. If we take the example of vision, it has 
to be recognized that the elucidation of cerebral organization concerning 
perception of certain properties such as colour, movement, and depth cannot be 
easily extended to more elaborate functions such as reading. Indeed, although 
the various processing elements involved in reading are relatively well 
delineated and studied, their respective anatomical correlates still largely 
escape analysis. Consequently, as mentioned previously, if we admit that 
advances in neuropsychology crucially depend on the study of each function in 
its most basic elements, whether that be their neural implementation or their 
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functional realization, the integration of these two levels of analysis is no simple 
matter (Mehler et al. 1984).

(2.) This article will not present an exhaustive survey of the literature, but will 
simply examine a few indicative studies. In so far as possible, only research that 
has quantified the various aspects will be cited.

(3.) ‘Listener’ refers here to both musicians and non-musicians. The argument 
which follows is purportedly valid for both types of subject. Indeed, there is no 
reason to think that, in terms of relatively basic musical activities, musicians 
behave differently from non-musicians (see also Bigand, Ch. 2 this volume). 
Moreover, there is currently no evidence, at the level of functional analysis 
considered here, suggesting that musical education exerts an influence on 
cerebral organization.

(4.) For the sake of argument, the term rhythm will be used here in a generic, if 
inaccurate, fashion to refer to the set of mechanisms involved in the temporal 
organization of a sequence. The term is approximate in that it often refers to a 
particular level of temporal organization that is distinct, for instance, from 
metrical organization.

(5.) The difference in pitch between two adjacent sounds can be defined either 
by a (logarithmic) frequency continuum, for which the term ‘interval’ will be 
used here, or by a musical scale. This latter interpretation of pitch will be 
identified here by the general term of ‘tonal function’ (see Bigand, Ch. 2 this 
volume).
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