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ABSTRACT 

The term congenital amusia describes a disorder of music 
processing that cannot readily be explained by acquired 
brain injury or other environmental factors. Cases of 
congenital amusia in the absence of other processing 
difficulties imply that there are music-specific neural 
networks that can be selectively compromised by a 
congenital anomaly. Research on amusia has identified 
individuals with impaired pitch and temporal aspects of 
music, as well as individuals who have selective 
difficulties with the pitch dimension of music. Some 
evidence suggests that these deficits are specific to music. 
For example, individuals with difficulties in musical pitch 
processing can differentiate questions and statements 
among spoken phrases that vary in intonation (pitch 
variation) but are otherwise identical [1].  

This paper further examines the question of whether 
amusia is restricted to impairment on the pitch dimension 
of music. The logic behind two studies conducted in our 
laboratory is described, along with preliminary results. In 
one study, a form of rhythm impairment was identified in 
which individuals suffer from a disproportionate 
impairment on the rhythmic dimension of music with no 
impairment on pitch-related tasks. In another study, 
individuals with pitch-related amusia performed worse 
than unimpaired individuals on tests of sensitivity to 
emotional prosody. The latter evidence suggests that 
impairments associated with amusia may not be restricted 
to music, but may reflect a deficit at a stage of auditory 
processing that is relevant to music and speech.  

1. INTRODUCTION 
Most people readily perceive, appreciate, and – with 
varying degrees of accuracy – produce music. Such skills 
are achieved without conscious effort and do not require 
formal musical training. However, a small proportion of 
the population exhibits tone deafness or “amusia” – a 
striking impairment of musical skills that is not 
accompanied by other auditory or intellectual difficulties. 
Several studies over the past few years have been 
conducted to investigate this disorder.  

Roughly 15% of individuals may suspect that they are 
tone-deaf, but only 4% of the population has true amusia. 
True amusia is typically evident early in life and 
continues throughout adulthood. Researchers have 
reported some amusics who exhibit impairment on 
pitch-related musical tasks with little or no impairment on 

temporal skills. That is, many amusic individuals are 
selectively impaired on tests of musical pitch. At this 
point, it is unclear whether impairments associated with 
amusia are restricted to the musical domain. Amusic 
individuals tend to have normal ability for simple 
judgements of spoken phrases that vary in intonation (tone 
of voice), suggesting that the disorder is indeed specific to 
music and does not extend to other perceptual domains in 
which pitch may be relevant (i.e., speech). However, the 
impairment re-emerges when those same intonation cues 
are stripped of linguistic information (presented as sine 
waves).  

2. BACKGROUND 
Congenital amusia is a condition that was first 
documented by Grant-Allen [2]. Grant-Allen reported the 
case of a 30-year-old man who had no history of acquired 
neurological impairment, but who was unable to 
discriminate two successive pitches or recognize familiar 
melodies.  

The Montreal Battery of Evaluation of Amusia (MBEA) 
was developed to assess impairments in pitch (scale, 
contour, interval), rhythm (grouping, meter), and musical 
memory [3]. The battery is theoretically motivated, 
reliable upon re-test, highly sensitive, normally distributed, 
correlated with Gordon’s Musical Aptitude Profile, and 
satisfies a number of important psychometric properties. 
As such, it is considered to be the best tool available for 
assessing the presence of congenital amusia.  

The rhythm subtests of the MBEA could perhaps be 
usefully supplemented with additional tests. The first 
“rhythm” test (subtest 4) involves rhythmic sequences that 
also vary in pitch, so it potentially taps into processes that 
handle interactions between temporal and pitch structures. 
There is no monotonic test of rhythm. The “meter” test 
(subtest 5) evaluates whether individuals can classify 
orchestral pieces of music as a “waltz” (in 3:4 time) or a 
“march” (in 4:4 time). In initial pilot testing, we observed 
that scores on this subtest were often disproportionately 
low, bordering on cut-off levels for impairment. Quite 
possibly, the marching meter of Waltzing Matilda may 
have befuddled our Australian listeners, but regardless, 
we concluded that additional measures of rhythm and 
meter perception were warranted.   

Peretz and her colleagues have concluded that the disorder 
is generally specific to the musical domain. In one study, 
a group of 11 adults diagnosed with congenital amusia 
were assessed for impairments in music and speech 
prosody [4]. The congenital amusic individuals were at 
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normal levels in their ability to classify utterances using 
speech prosody, or to recognize common environmental 
sounds and human voices. Remarkably, when prosodic 
information was extracted from all linguistic information, 
however, the amusic individuals were significantly worse 
than normal subjects at using prosodic information to 
distinguish between a statement and a question. The 
researchers concluded that amusia is a music-specific 
disorder that is associated with fine-grained pitch 
discrimination problems, but the impairment can extend to 
non-musical domains (e.g., tone of voice) as long as 
verbal cues are unavailable.  

The latter results on amusia and prosody are puzzling, but 
might be clarified by data on other types of prosodic 
judgements. It is notable that questions and statements 
have well-defined meanings in language, but they are less 
clearly applicable to musical contexts. In contrast, 
emotional messages are readily interpretable in both 
music and prosody, and acoustic cues typically convey the 
same emotional messages in both domains [5, 6]. 
Differentiation of statements and questions might 
therefore require a linguistic anchor because the 
distinction has linguistic connotations. However, 
emotional connotations are common to music and speech 
prosody and may be decoded using shared neural circuitry. 
Thus, if some musical impairments extend to verbal 
domains, they are likely to occur for emotional 
judgements.  

The current program of research was initiated as a further 
examination of the nature and specificity of amusia. Two 
forms of amusia are summarized. The first, called Rhythm 
Impairment Disorder (RID), is characterized by 
difficulties in (a) extracting an underlying metric pulse 
from a complex musical texture (beat detection); and / or 
(b) encoding complex temporal grouping patterns. The 
second, called Intonation Insensitivity (II), is 
characterized by difficulties in the encoding and 
interpretation of speech prosody. After outlining 
assessment procedures, I will summarize data on the 
disorders and outline their implications. 

3. METHOD 
Participants. Forty-seven individuals were evaluated on 
the MBEA and a new emotional prosody battery designed 
for the investigation. Twenty-eight individuals were 
evaluated on the MBEA and two new tests of musical 
rhythm – one designed by Aniruddh Patel and John 
Iverson at The Neurosciences Institute (La Jolla, 
California) and the other designed by Linda 
Sigmundsdottir and Bill Thompson at Macquarie 
University. Recruitment was targeted towards individuals 
who believed that they had a problem with music 
(although people with a general interest in the study were 
also tested) and was accomplished through advertisements 
in several newspapers, the Macquarie University 
undergraduate participant pool, posters, and individual 
referrals. 

Measures 

Montreal Battery of Evaluation of Amusic (MBEA). 
Details of this battery are described by Peretz and her 
colleagues [3]. It consists of 6 subtests, used to evaluate 

the functioning of six musical components, as follows: 
scale, contour, interval, rhythm, meter, and musical 
memory. The first four tests consist of two short musical 
passages, and participants must indicate if they are the 
same or different. The fifth subtest (meter) requires 
participants to classify excerpts of music as a waltz or a 
march. The sixth subtest (memory) involves presenting  
excerpts of music to participants (some that were used in 
the previous subtests) and asking them to indicate if they 
heard the excerpt in one or more of the previous subtests.  

Macquarie Battery of Emotional Prosody (MBEP). Four 
subtests of emotional prosody were developed for the 
investigation. The subtests are referred to as: (1) Spoken; 
(2) Sine prosody; (3) Pitched speech; and (4) Melodic 
prosody. To create prosodic stimuli, we first selected three 
semantically neutral phrases based on the Florida Affect 
Battery: the lamp is on the table; the chair is made of 
wood; the broom is in the cupboard. Each phrase was 
spoken by one of the investigators (Bernadette Galea) 
with the intention to communicate each of five emotions: 
disgust, fear, happiness, irritation, and sadness. These 
emotions were selected because they provide a range of 
decoding difficulty, reducing the chances of ceiling or 
floor effects. Two versions of each emotion were recorded, 
yielding 30 spoken recordings. The 30 recordings were 
used for the “Spoken” subtest of the MBEP. They were 
recorded using a Neumann U87 microphone into Pro 
Tools LE V7.3 with an MBox 2 Pro recording interface 
under the control of a MacBook Pro 2.33 Laptop. A G5 
Apple Dual 2 Ghs Desktop computer with Pro Tools HD2 
was used for final preparation of stimuli.  

Using Praat software (en.wikipedia.org/wiki/Praat), a 
pitch analysis was conducted on the spoken recordings. 
The pitch and intensity contour of each phrase was output 
to “sine wave” files to create the “Sine” subtest. Stimuli in 
the Sine subtest retained prosodic cues but no linguistic 
information, and sounded like a person trying to speak 
with their mouth closed.  

The mean pitch of each syllable in the original recordings 
was next calculated by Praat to create a third subtest, 
called the “Pitched Speech” subtest. Mean pitch values 
were applied to monotonic and isochronous versions of 
the three phrases, which were recorded using the same 
equipment described above. That is, the Pitched Speech 
stimuli were matched to the original recordings in terms 
of the average pitch of each syllable, but were otherwise 
identical to each other, and did not vary in intensity or 
duration from syllable to syllable. That is, they changed 
from syllable to syllable in mean pitch, but all other 
prosodic cues were eliminated. The condition was created 
using Pro Tools and Melodyne (Celemony Software), 
which enabled us to match the pitch of each syllable to the 
mean pitch calculated by Praat within an accuracy of 1 
Hz. These stimuli sounded like robotic speech or song.  

Using Praat software, a pitch analysis was then conducted 
on the Pitched Speech samples. The pitch contour of each 
phrase was output to “sine wave” files to create the 
“Melody” condition. Because the Pitched Speech 
consisted of stepwise changes in pitch from syllable to 
syllable, the sine wave output files were sequences of 
discrete pitches. They sounded like short atonal melodies 
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or what is sometimes used in science fiction films to 
suggest a computer talking.  

Beat Alignment Test (BAT). Aniruddh Patel and John 
Iverson (The Neurosciences Institute) designed the BAT. 
The version used for this investigation consisted of 12 
excerpts of multi-instrumental music that ranged in genre 
and included examples rock, film music, jazz, and 
Western classical music. Each trial consisted of about 
15-20 seconds of music. After 5-6 seconds, an evenly 
spaced set of 15 beeps was heard simultaneously with the 
music. Participants were then asked whether the beeps 
were on or off the beat. There were five experimental 
conditions: (1) On the beat (B0); (2) Tempo too fast: 10% 
decrease in inter-beat interval (IBI-10); (3) Tempo too 
slow: 10% increase in inter-beat interval (IBI+10); (4) 
Tempo accurate but beeps occur 25% before the beat 
(B-25); and (5) Tempo accurate but beeps occur 25% after 
the beat (B+25). Three conditions were implemented for 
each excerpt, giving 36 trials. 12 trials involved beeps that 
were on the beat. The other 24 trials were divided equally 
between the four off-beat conditions. 

Macquarie Monotonic Rhythm Test (MMRT). Linda 
Sigmundsdottir created the MMRT in consultation with 
the author. The test consists of 30 pairs of monotonic 
rhythms, played using the standard piano tone (at 440 Hz) 
from the Roland Sound Set. On each trial, the two 
rhythmic sequences were separated by a 1000 msec pause 
and subjects were required to indicate if they were the 
same of different (16 were different and 14 were the 
same). Rhythmic sequences were take from three sources. 
Some trials were monotonic versions of sequences used in 
the rhythm subtest of the MBEA; some were adapted 
from Schoen’s test of musical sensitivity (rhythmic trials); 
some was composed specifically for the study. The 
number of tones in rhythmic sequences ranged from 8 to 
20 and the meter was one of 2:4, 3:4, 4:4, or 6:8.  

Stimuli and procedures. Sequences were presented to 
participants in a sound attenuated room through 
Sennheiser headphones and under the control of a 
Macintosh Computer. Tests were administered in blocks. 
Trials within blocks were presented in a random order for 
all tests except for the MBEA, which has a prescribed 
order. Experiment Creator software controlled the 
stimulus presentations and data collection for all tests 
except the BAT, which is an online test.  

4. RESULTS AND DISCUSSION 
Rhythm Impairment: We identified individuals with scores 
below the cut-off for impairment on one or both of the 
MBEA rhythm subtests, but with non-impaired 
performance on all other subtests. These individuals also 
performed poorly on the Beat Alignment Test and the 
Macquarie Monotonic Rhythm Test, corroborating their 
difficulty with musical rhythm. In short, we identified 
individuals with impairment in musical rhythm – a 
condition that has not been reported before. Full details on 
these individuals will be reported elsewhere (manuscript 
in progress).  

Intonation Insensitivity: Results on the relation between 
amusia and sensitivity to emotional prosody are being 
reported in a forthcoming publication so only selected 

results will be described here.  First, prosody decoding 
accuracy was subjected to a three-way ANOVA with 
repeated measures on Emotion (five levels: disgust, fear, 
happiness, irritation, and sadness), Cues (two levels: all 
cues or only pitch cues available), and Verbal content 
(two levels: with or without linguistic information). 
Across all participants (including individuals with amusia), 
there was a significant main effect of Emotion, with 
higher decoding accuracy for the emotions of fear, 
happiness, and sadness, and lower decoding accuracy for 
disgust and irritation, F(4, 184) = 54.78, p < .0001. There 
was also a main effect of Cues, with higher decoding 
accuracy when all cues were available than when only 
pitch cues were available, F(1, 46) = 453.68, p < .0001, 
and a main effect of verbal content, with higher decoding 
accuracy when linguistic information was available than 
when prosodic cues were presented as abstract acoustic 
information, F(1, 46) = 221.74, p < .0001.  

There was also a significant interaction between Emotion 
and Cues, F(4, 184) = 4.24, p < .01, indicating that the 
information value of pitch cues for emotional decoding 
depends on which emotion is being conveyed. Figure 1 
illustrates the nature of this interaction by focusing on 
sadness and fear. These emotions were decoded at similar 
levels of accuracy when all cues are available. When only 
pitch cues are available, however, decoding accuracy 
decreased comparatively more for sadness than for fear. 
The finding suggests that pitch cues are relatively 
informative for decoding fear, but less so for sadness.  

 

 
Figure 1: Accuracy of decoding fear and sadness when 
multiple prosodic cues are available (pitch, timing, 
intensity) or when only pitch cues are available.  

 

Based on the results of the MBEA we identified 11 
individuals who fulfilled the criteria established for 
congenital amusia [3]. To examine the connection 
between amusia and emotional decoding, a 2 x 2 x 2 x 5 
mixed-design ANOVA was conducted with Group as a 
between-subjects factor (two levels: amusic and 
non-amusic participants), and repeated measures on 
Emotion, Cues, and Verbal content.  

There was a significant interaction between Group and 
Emotion, F(4, 180) = 3.87, p < .01. Specifically, across 
modes of presentation (cues and verbal content), the 
amusic group was less accurate than the non-amusic 
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group at decoding certain emotions, with the greatest 
impairment for the emotions of fear and irritation. 
Analysis of the full speech condition alone revealed the 
same interaction, F(4, 180) = 4.40, p < .01. As shown in 
Figure 2, even for the full speech condition amusic 
individuals performed at normal levels for happiness and 
sadness, but exhibited dramatic difficulties decoding the 
emotions of fear and irritation. These findings suggest 
that auditory impairments associated with amusia are 
relevant to the skill of decoding emotional prosody.   

A significant interaction between Group and Verbal 
content supports earlier reports that amusic individuals 
exhibit the greatest impairment on prosodic materials 
when linguistic information is absent, F(1, 45) = 7.16, p 
< .02. As shown in Figure 3, recognition of prosodic cues 
seems to be partially tied to linguistic contexts, especially 
for amusic individuals. In the same way, recognizing a 
face may be disrupted when unsupported by the context in 
which an individual is usually encountered (e.g., 
recognizing a work colleague when unexpectedly 
encountered at a grocery store).  
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Figure 2: Comparison of amusic and non-amusic 
performance levels for five emotions, as expressed in 
normal speech. 
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Figure 3: Comparison of amusic and non-amusic 
performance levels when prosodic information is 
embedded in spoken phrases or when presented as 
nonverbal (sine tone) prosodic stimuli. Means are 
collapsed across the five emotion categories.  

To conclude, the results illustrate that congenital amusia 
is not restricted to difficulties with pitch, but may extend 
to impaired rhythm perception. Moreover, amusic 
individuals have difficulty decoding emotions from 
speech prosody, especially for the emotions of fear and 
irritation. This difficulty is apparent even when linguistic 
information is available, i.e., in normal speech. Our 
results also suggest that amusic individuals have a 
disproportionate difficulty with prosodic information 
when linguistic information is unavailable – a finding that 
remains to be fully understood. Nonetheless, the growing 
research on amusia is providing rich data from which 
many inferences about music cognition and its relation to 
other domains can be drawn.  
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