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Fractionating the musical mind: insights from congenital amusia

Lauren Stewart

Music, like language, is acquired effortlessly in early life and
fulfils a multitude of social, cultural and emotional functions.
However, those with a disorder recently termed ‘congenital
amusia’ (CA) fail to recognise common tunes from their culture,
do not hear when notes are ‘out of tune’ and sometimes report
that music sounds like a ‘din’ or ‘banging’. The core deficit
appears to be a problem in discriminating pitch direction, a
building block for the representation of melodic contour.
Familial studies suggest the disorder is heritable and
associated with structural differences in temporal and frontal
cortices. The disorder provides a window onto the neuro-
cognitive architecture of musical processing, and the possible
etiologies of disordered development.
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Introduction

The ability to make sense of musical sound has been
observed in every culture since the beginning of recorded
history. In early infancy, music allows us to respond to the
sing—song interactions from a primary caregiver and to
engage in musical play; in later life it shapes our social and
cultural identities and modulates our affective and
emotional states. This ability does not require formal
training: individuals are born with the capacity to inter-
nalise the musical structure of their own culture [1]. But a
few per cent of the population lack this ability and are
unable to make sense of or engage with music. This
cannot be ascribed to brain insult, peripheral hearing
problems, lack of environmental exposure or to intellec-
tual impairment [2°]. Individuals with congenital amusia
(CA) cannot recognise familiar tunes or tell one tune from
another, may complain that music sounds like a ‘din’ and
tend to avoid the many social situations in which music
plays a role [3]. Although the first case study of such a
disorder was described more than a century ago [4],

systematic investigation into the cognitive and neural
basis of this disorder has been a relatively recent endea-
vour. Characterisation of the disorder at a cognitive and
neurobiological level sheds light on the neuro-cognitive
architecture of musical processing and highlights possible
etiologies of disordered brain development.

Phenomenology

Individuals with CA are often identified via advertise-
ments in the media that invite those who have experi-
enced lifelong difficulties with music to participate in
laboratory-based research. The Montreal Battery for the
Evaluation of Amusia [3] subsequently confirms the pre-
sence or absence of a musical receptive disorder.
Recently, screening of large numbers of potential CA
individuals has been possible via an online version of two
subtests of the MBEA (http://www.delosis.com/listening/
home.html). Seventy per cent of individuals who score
below cut-off on the online score also fulfil criteria for CA
after laboratory testing with the MBEA battery [5].
Counter-intuitively, individuals who self-label as ‘tone-
deaf’ rarely fall into the CA category: the general use of
this term has been shown to relate to a perceived inability
to sing in tune, while perceptual abilities are generally
normal [6-8].

CA has been described as a deficit of fine-grained pitch
processing on the basis of psychophysical testing reveal-
ing elevated pitch thresholds in these individuals [9°,10°].
Thresholds are particularly high when there is a require-
ment to discriminate a change in pitch direction, as
opposed to simply detecting a simple pitch change amidst
monotones [9°]. At the group level, thresholds for the
pitch direction task exceed a semitone: the smallest step
size in Western music and one of the most commonly
used intervals [11]. The implications of elevated
thresholds for pitch direction are clear: CA individuals
may register pitch changes in a melody but will be unable
to discern the melodic contour, something which is crucial
for the perception and storage of melodies [12].

CA may involve a deficit of fine-grained pitch perception,
but elevated pitch thresholds are not a universal finding
across all individuals who score in the amusic range of the
MBEA. Deficits in the discrimination of two melodies are
observed even when the constituent intervals of both
melodies can be easily discerned [9°]. Failure to discrimi-
nate between pairs of tunes despite normal perceptual
thresholds invites an explanation in terms of failure to
retain pitch information in memory. The perception of
music, by definition, depends upon the integration of
events as they unfold in time. Impaired retention of pitch
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information may lead to music being perceived as a series
of auditory ‘snapshots’ rather than as an integrated stream
of related events. Preliminary data provide support for
this hypothesis. In a task that required individuals to
discriminate two tones separated by a variable time
interval, CA individuals performed worse than matched
controls [13]. Crucially, the pitch difference used always
exceeded discrimination thresholds, so poor discrimi-
nation cannot explain these findings. Strikingly, these
individuals were not impaired on a short-term verbal
memory task, refuting the idea that these individuals
have general short-term memory deficits and supporting
the notion of an independent store for verbal and musical
information [14]. The extent to which a pitch-memory
deficit is independent or interacts with elevated pitch
thresholds is yet to be explored. Nevertheless, it is con-
gruent with the comments of one CA individual (Stewart,
unpublished) who described her attempts to repeat a
short musical phrase:

“When the music finished the sound was always gone - as
though it had never happened. And this bewildered me
with a sense of failure, of failure to hold on to what I had
just heard. Others told me that if I tried to remember I
would. But I never did. I have no idea what people mean
when they say: “I have a tune going round in my head.” I
have never had a tune tell out its music in my head let
alone repeat itself!”

Specificity of CA: links to space?

CA individuals do not report difficulties outside the
musical domain but non-musical abilities have not been
exhaustively tested in a formal situation, despite the
potential for associated deficits to illuminate the cognitive
endophenotype(s) of the disorder. However, a recent
study suggests that the amusia may be related to a deficit
in spatial perception. Douglas and Bilkey [15°] found CA
individuals to be impaired on a three-dimensional mental
rotation task. Their spatial deficits were correlated with
the degree of impairment shown on the melodic contour
subtest of the MBEA, suggesting that the two deficits are
functionally linked. It is possible only to speculate about
the origins of the association between musical and spatial
deficits, but one possibility would be that the processing
of melodic contour depends upon the ability to represent
patterns at a higher order level. A study by McDermott
et al. [16°°] supports the view that representation of
contour is not specific to pitch, but appears to be a general
principle of the auditory system. Psychophysical testing
demonstrated that contour representations could be
formed from variations in brightness (an aspect of timbre)
and intensity, as well as pitch. Discrimination of contours
was possible both within and across these different
stimulus dimensions. Most surprisingly, familiar melodies
were recognisable when translated into brightness or
intensity contours. These tasks have the potential to

elucidate the level of the cognitive deficit in CA. If the
deficit in amusia is specific to pitch, CA individuals will
show dissociation in performance between the pitch-
based and non-pitch-based contour tasks. If CA derives
from impairment at a more abstract level of pattern
perception, these individuals will be impaired across all
contour-discrimination tasks.

Specificity of CA: links to language?

A pitch-based deficit may be expected to impact upon the
processing of language, particularly the intonational
aspects of speech that are used to convey emotion,
emphasis and to denote whether a spoken utterance is
a statement or a question. CA individuals do not report
deficits in their comprehension of spoken language.
However, the pitch excursions involved in speech are
typically in excess of the pitch thresholds displayed by
CA individuals. Furthermore, given the presence of
semantic, syntactic and contextual cues, deficits in into-
nation perception would rarely, if ever, limit the com-
prehension of speech. The absence of deficits in the
everyday processing of language does not, however,
preclude the existence of prosodic impairments that
would be revealed in the context of carefully designed
laboratory-based tasks. Ayotte ¢ a/. [2°] asked CA indi-
viduals to report whether pairs of spoken phrases with the
same lexical content were the same or different, based
upon their pattern of intonation. When different, the final
word had a different pitch trajectory in the two phrases,
such that one phrase was a statement (downward pitch
inflection) while the other phrase was a question (upward
pitch inflection). In a different condition, focus shift pairs
were used. These are phrases which, though lexically
identical, differ in their emphasis depending upon the
position of the pitch inflection (e.g. ‘go in FRONT of the
bank, I said’ versus ‘go in front of the BANK I said’, with a
salient up-down pitch inflection on each of the capita-
lised words). CA individuals performed as accurately as
controls on these tasks. However, when the stimuli were
delexicalised, such that the words were replaced by
pitch-modulated tones, CA individuals performed worse
than controls [2°]. This finding was replicated even when
pitch contours in the delexicalised pairs exactly
mimicked the pitch changes present in the spoken sen-
tences [17]. This dissociation in performance, between
pitch-based discrimination in a linguistic versus a non-
linguistic context, has been taken to suggest that there
exists a separate mental module for the processing of
contours in speech and in music [18]. However, Patel
[19°°] cogently argues that this dissociation in contour
processing between speech and music may be more
apparent than real, based on the differential use of
‘semantic recoding strategies’ for the spoken versus
delexicalised stimulus pairs. His ‘melodic contour deaf-
ness hypothesis’ holds that pitch-processing impair-
ments are not exclusive to music but that impairments
are seen only in music and not in language because the
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discrimination of pitch direction is crucial only for music
[19°°].

Neurobiology of amusia

Studies into the neurobiology of amusia are in their
infancy but structural MRI studies show morphological
differences in inferior frontal cortex and superior
temporal areas, variously in the left [20°°,21°°] or right
[22°°] hemisphere. Differences outside auditory cortex
can be reconciled with the results from functional ima-
ging studies showing the activation of inferior frontal
cortex during integration [23-25] and discrimination
[26] of sequential auditory events. Primate studies have
revealed a major projection from temporal cortex to
frontal areas [27] and future studies comparing structural
and functional connectivity in CA individuals versus
controls will be important to determine whether the
structural differences observed in this group can be
related to under-connectivity within this pathway.

Brain development is shaped by nurture, as well as nature
thus anatomical differences in CA individuals do not rule
out an interpretation in terms of a lack of exposure to
music. However, infants display a level of musical sen-
sitivity that is absent in CA individuals and the degree of
exposure required to develop musically appears to be
minimal. The most compelling support for a genetic
etiology of amusia comes from a familial aggregation
study [28°] in which amusia was ascertained in 39% of
first-degree relatives of CA individuals, compared with
only 3% of the relatives of controls. Investigation into
pedigrees of amusia sets the stage for the elucidation of
candidate genes that may underlie amusia. The anatom-
ical findings make a tentative prediction that a putative
candidate gene or set of genes will be involved in early
neuronal migration processes underpinning fronto-
temporal connectivity.

Future directions

Studies to date have characterised CA as a deficit of tune,
rather than time [29]. This may reflect a recruitment bias
since many of these studies have sought participants with
tune-based deficits. Developmental deficits in timbre and
timing are also logically possible; indeed there have been
anecdotal reports from individuals who cannot keep time
or who complain that music sounds like ‘banging’ or
‘noise’ (personal observations). Exploring these potential
subtypes of amusia will reveal the extent to which these
aspects of musical perception dissociate from each other;
whether they differentially impact upon higher order
perceptual and cognitive abilities and whether they are
underpinned by distinct neuro-developmental trajec-
tories. T'he study of disordered musical development sets
in sharp relief the perceptual and cognitive abilities which
most of us take for granted and allow us a unique chance
to investigate how musical perceptual ability develops,
from the level of the gene to the brain development and

the emergence of a complex and fundamental human
behaviour.
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