










because amusics failed to detect subtle differences between

spoken utterances (Patel et al., 2008).

Correlation analyses (Fig. 3) across the three discrimination tasks

revealed a significant positive association between amusics’ per-

formance on all three tasks (natural speech and gliding tones:

z = 2.03, P = 0.02, � = 0.40; nonsense speech and gliding tones:

z = 2.52, P = 0.01, � = 0.49; natural speech and nonsense speech:

z = 3.33, P = 0.0004, � = 0.64).

In order to examine what might have caused amusics’ discrim-

ination inaccuracy in the three tasks, we categorized trials into

those which were correctly versus incorrectly discriminated by

the amusic participants. We then compared final glide sizes,

rates and durations between correct and incorrect trials for state-

ments and questions of all three types of stimuli. Wilcoxon rank

sum tests revealed that for natural speech and nonsense speech

stimuli, incorrect trials had significantly smaller glide sizes than

correct trials in statements (natural speech: W = 14 479.5,

P = 0.003; nonsense speech: W = 17 519.5, P = 0.01), but not in

questions (natural speech: W = 18 630, P = 0.66; nonsense

speech: W = 21 864, P = 0.36). For gliding tones, incorrect trials

had significantly smaller glide sizes than correct trials in both state-

ments (W = 8648, P = 0.001) and questions (W = 9360, P = 0.01).

There was no statistically significant difference in glide rate across

incorrect versus correct trials in either statements or questions for

all three types of stimuli. The effect of glide duration was only

seen in gliding tones questions, with incorrect trials having signifi-

cantly smaller glide durations than correct trials (W = 7136,

P50.0001).

Logistic regressions of the counts of correct and incorrect re-

sponses by amusics on the length of the sentences (number of

syllables) revealed no significant length effect for natural speech

(�2= 0.97, df = 1, P = 0.33) or nonsense speech (�2 = 0.34, df = 1,

P = 0.56) discrimination. For gliding tones stimuli, the longer the

sentence, the better was the discrimination (�2 = 13.01, df = 1,

P = 0.0003). These results demonstrate that amusics’ discrimination

inaccuracy is unlikely to have been caused by memory deficiency.

Statement–question identification and
imitation
Performance on the identification task was calculated in terms of

the percentage of correct responses across the 36 trials. Figure 4A

shows boxplots of individual performance from the two groups

(Supplementary material 4). Wilcoxon rank sum test revealed sig-

nificant group difference for the statement–question identification

task, with amusics showing significantly worse performance than

controls [amusics mean (SD): 71.7 (10.3), controls: 92.4 (10.9),

W = 238.5, P50.0001].

The imitation task explicitly required the participants to mirror

exactly the pitch patterns of the model sentences, thus imitations

were scored as correct only if they shared the same sign in glide

size as the models (i.e. statements imitated as statements would

have negative glide sizes, and questions imitated as questions with

final rises would have positive glide sizes; see Supplementary

material 5 for details), yielding percentage of correct responses

scores for each participant (Fig. 4B). Wilcoxon rank sum test

showed that controls did significantly better than amusics on imi-

tating the pitch patterns of the model sentences [amusics mean

(SD): 86.3 (12.6), controls: 97.7 (2.9), W = 212, P = 0.001].

Interestingly, we observed that although some participants imi-

tated questions incorrectly (with a negative, as opposed to positive

final glide size), they nonetheless produced a pitch pattern that

conformed to other legitimate ways of producing a question in

British English (Grabe, 2002), suggesting that these participants

were sometimes only able to imitate the question by asking it in

their own way, rather than mimicking the pitch pattern of the

model. However, this was as likely to occur in controls as in amu-

sics: for controls, 4% of questions (11 out of 288) were incorrectly

imitated; 27% of which (three out of 11) were imitated using a

legitimate question intonation; for amusics, 21% of questions (61

out of 288) were imitated incorrectly, of which 31% (19 out of

61) were imitated using a legitimate question intonation (see

Supplementary material 5 for details).
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Figure 3 Scatter plots across the three discrimination tasks: (A) gliding tones scores against natural speech scores, (B) nonsense speech

scores against natural speech scores and (C) nonsense speech scores against gliding tones scores. Regression lines were based on linear

regressions of paired tasks for each group. %H – %FA = percentage of hits – percentage of false alarms; TAU = Kendall’s �;

NS = non-significant.
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As shown in Fig. 4C, both groups (but particularly the amusic

group) performed significantly better on the imitation task com-

pared with the identification task [Wilcoxon signed rank test: amu-

sics’ mean difference (SD): 14.6 (16.9), V = 120.5, P = 0.007;

controls: 5.4 (11.1), V = 58, P = 0.03], constituting a pattern of

identification–imitation dissociation at the group level: better imi-

tation than identification of statements and questions. As indicated

in Fig. 4D, there was no significant correlation between identifi-

cation and imitation scores for either group [(Kendall’s �

(one-sided): correlation between amusics’ identification and imita-

tion scores: z =�0.88, P = 0.81, � =�0.18; controls: z = 0.51,

P = 0.30, � = 0.11].

Pitch threshold tasks
Figure 5 shows the boxplots of individual pitch thresholds in the

two psychophysical tasks from the amusic and control groups

(Supplementary material 4). As found in previous studies (e.g.

Foxton et al., 2004), there was substantial overlap in pitch thresh-

olds between the two groups in both tasks, with some amusics

having thresholds within the control range.

Wilcoxon rank sum tests suggested that amusics as a group had

significantly higher thresholds than controls in both pitch threshold

tasks. The group difference for the pitch direction discrimination

task was more pronounced [amusics’ mean (SD): 0.86 (0.87); con-

trols: 0.20 (0.12), W = 212, P = 0.0003] than that for the pitch

change detection task [amusics: 0.28 (0.28); controls: 0.15

(0.06), W = 193.5, P = 0.01].

Correlations between intonation
performance and pitch thresholds
Correlation analyses were conducted between participants’ per-

formance on the five intonation tasks and their pitch thresholds.
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change detection and (B) pitch direction discrimination.
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Figure 6 shows the corresponding scatter plots between

participants’ ‘percentage of hits–percentage of false alarms’

scores on the three discrimination tasks and their pitch thresholds.

For amusics, pitch change detection thresholds were negatively

correlated with their performance on gliding tones discrimination

(with marginal significance as shown in Fig. 6B: when the outlier

was included: z =�1.97, P = 0.02, � =�0.38; when the outlier was

removed: z =�1.42, P = 0.08, � =�0.29), but not with their

performance on natural speech (z =�0.73, P = 0.23, � =�0.14)

or nonsense speech (z =�1.22, P = 0.11, � =�0.23) discrimination.

In contrast, their pitch direction discrimination thresholds were

negatively correlated with their performance on all three discrim-

ination tasks (the smaller the threshold, the better the

discrimination performance; pitch direction and natural speech:

z =�1.80, P = 0.04, � =�0.35; pitch direction and gliding tones:

z =�2.87, P = 0.002, � =�0.57; pitch direction and nonsense

speech: z =�2.54, P = 0.01, � =�0.50). This suggests that amu-

sics’ poor performance on the statement–question discrimination

tasks is linked to a psychophysical pitch direction discrimination

deficit.

Figure 7 shows scatter plots of participants’ percentage of cor-

rect responses scores on the statement–question identification and

imitation tasks against their pitch thresholds. For amusics, there

was a negative association between their imitation scores and

pitch direction discrimination thresholds (the smaller the thresh-

olds, the better the imitation; z =�1.71, P = 0.04, � =�0.34), but

no significant relationship was found for other three pairs of tasks

(identification and pitch change detection: z =�1.14, P = 0.13,

� =�0.22; imitation and pitch change detection: z = 0.28,

P = 0.61, � = 0.05; identification and pitch direction discrimination:

z =�1.25, P = 0.11, � =�0.25).

Discussion

Congenital amusia is not
domain-specific
The extent to which amusia can be considered domain-specific is

an actively debated question. While amusics have been shown to

have deficits in other domains (Douglas and Bilkey, 2007;

Thompson, 2007; Jones et al., 2009a, b), conflicting results have

been reported for their speech intonation perception abilities.

Ayotte et al. (2002) found that amusics performed as well as

controls on both identifying and discriminating the focus (shift in

location) and sentence type information (statement versus ques-

tion) of spoken utterances. However, they did significantly worse

than controls on discrimination of the discrete tone analogues of

these focus-shift and statement–question pairs. Similarly, in Patel

et al. (2005), amusics achieved good performance on discrimin-

ation of focus-shift pairs in natural speech, but did poorly on both

discrete and gliding tone analogues. These results suggested that

the pitch processing deficits in amusia were domain-specific such

that pitch processing within speech is preserved. However, as

noted by Patel (2008), any dissociation in performance between

natural speech and tone analogues in the context of focus-shift

utterances may be accounted for by the different potential these

stimuli offer for ‘semantic recoding’. In other words, while salient

pitch changes in a linguistic utterance can be ‘tagged’ to a par-

ticular syllable, the same pitch change in a delexicalized context

must be encoded as part of the entire pitch pattern, which may

exceed memory limits in amusics (Tillmann et al., 2009;

Williamson et al., 2010). In order to compare discrimination of

pitch changes within, versus outside, speech, it is thus necessary

to use statement–question discrimination, where the pitch patterns

are identical until the final word such that the memory load for the

speech and tone analogues is equivalent for both these conditions.

Using precisely this approach, Patel et al. (2008) found that 30%

of amusics exhibited worse performance on discrimination of

statements and questions in natural speech than discrete tone

analogues, pointing to speech intonation perception deficits in a

minority of amusics. Given that the stimuli used in Patel et al.

(2008) had relatively large pitch excursions, this raised the possi-

bility that speech intonation perception deficits would be evident

in the majority of amusics if tested using stimuli that included

smaller excursions within natural speech.

Thus the present study used relatively small but ecologically

valid intonational pitch contrasts, and examined statement–ques-

tion perception abilities of 16 British amusics and 16 matched

controls. Compared with controls, amusics demonstrated impaired

ability to discriminate between statements and questions that

differed mainly in the direction of final pitch glides, regardless of

whether these stimuli were natural speech or analogues made

from gliding tones and nonsense speech. These findings extend

those of Patel et al. (2008), where only 30% of amusics had

difficulties in distinguishing between natural speech statements

and questions, and suggest that, for the majority of amusics,

intonation perception is not as robust as controls. Acoustic analysis

of the final pitch glides in correct versus incorrect trials revealed

that, in most cases, incorrectly discriminated trials had significantly

smaller final glide sizes than correctly discriminated trials.

Furthermore, a significant negative correlation was observed

between amusics’ performance on statement–question discrimin-

ation and their psychophysical pitch direction discrimination

thresholds (the better the discrimination, the smaller the thresh-

olds). Finally, amusics also showed impaired ability to identify and

imitate statements and questions in natural speech, and their

imitation performance was also negatively correlated with their

pitch direction discrimination thresholds. These results indicate

that under laboratory conditions, it is possible to observe cases

of speech intonation perception deficits in amusics when

the sizes of intonational pitch contrasts are small, providing

evidence that amusia involves a pitch direction discrimination def-

icit that is domain-general rather than specific to the musical

domain.

It is worth noting that previous authors have acknowledged that

the deficit may be ‘music-relevant’, rather than ‘music-specific’,

owing to the smaller pitch changes utilized in music, as opposed

to speech (Peretz and Hyde, 2003; Patel, 2008). However, the

present study revealed deficits in the perception of speech inton-

ation using real-world natural speech stimuli. Thus, even if natural

speech in everyday situations is rarely problematic for amusics

(presumably due to the presence of additional cues to meaning),
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the present study demonstrates that pitch deficits in amusia can be

behaviourally relevant for both speech and music. It is also inter-

esting to note that data from our language questionnaire

(Supplementary material 3) suggest that the percentage of

people who reported difficulties in speaker identification and rec-

ognition of regional/foreign accents was bigger in the amusic

group than in the control group. We hypothesize that

carefully-designed experimental studies involving subtle differ-

ences in speaker voices and speech accents may reveal deficits

in amusic participants.

As with previous studies of amusia, there was significant vari-

ability in performance across the amusic group, with one quarter

of participants behaving like controls in the discrimination tasks

(Supplementary material 4). However, it is not simply the case

that these participants are less severely affected in their musical

perception, since no significant correlation was found between

amusics’ performance on intonation tasks and their scores on

MBEA subtests (Kendall’s �: P40.05). It remains an issue for

future research to determine why a small subgroup of amusics

nevertheless performs well on tests of pitch direction and inton-

ation discrimination.

Identification–imitation dissociation in
congenital amusia
While amusics performed worse than controls on both identifica-

tion and imitation in the present study, both groups—but

particularly the amusic group—showed superior performance for

imitation compared with identification. This is somewhat similar to

the results reported in Loui et al. (2008), although the dissociation

reported in that study (production of a pitch interval better than

perception, measured by imitation and labelling, respectively) held

for amusics alone. While the dissociation reported for amusics in

Loui et al. (2008) follows the criteria for a ‘classical dissociation’

(task A performed in the normal range, task B performed below

the normal range), the pattern of dissociation found in the current

study for the amusic group follows the criteria for a ‘strong dis-

sociation’, in which neither task is performed at a normal level, but

task A (imitation) was performed very much better than task B

(Shallice, 1988, p. 227–8). While this pattern held for amusics at

the group level, some individuals showed the reverse of this, pro-

ducing incorrect imitations that, nonetheless, conformed to legit-

imate ways of asking a question in British English (Grabe, 2002),

suggesting that these individuals had correctly discerned that ut-

terance as a statement or question but were unable to mimic the

utterance in another’s style. There was some evidence of this in

two control participants as well but when prompted they were

able to adjust their motor programmes, while the same was not

true of the amusic participants. British English provides a particu-

larly interesting model for addressing the extent to which individ-

uals can modify their own intonation patterns to mimic those of

another, given the potential for questions to be realized in several

different ways. In future studies it would be important to investi-

gate the relationship explicitly between pitch patterns used in
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Figure 7 Scatter plots of identification and imitation scores against pitch thresholds: (A) identification scores against pitch change
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spontaneous and imitated speech, in order to examine the extent

to which amusics can match pitch patterns that may not be

common to their action repertoire, thus informing discussions on

the coupling between perception and action (Bosshardt et al.,

1997; Braun et al., 2006; Loui et al., 2008; Over and Gattis,

2010).

Glide rate versus glide size/duration
In Patel et al. (2008), acoustic analyses of correctly versus incor-

rectly discriminated speech pairs by the 30% of British amusics

who showed statement–question discrimination deficits indicated

that final glide rates were slower in incorrectly versus correctly

discriminated trials. However, this pattern did not hold in a sep-

arate group of French amusics performing a similar task in their

native language. Analysis of the current data also found no rate

difference for correctly versus incorrectly discriminated final glides

by our amusic participants. Rather, their errors were associated

with reduced final glide sizes in natural and nonsense speech

statements and in gliding tones statements and questions.

Furthermore, in gliding tones, incorrectly discriminated questions

had significantly smaller glide durations than correctly discrimi-

nated ones. The discrepancy in the role of glide rate versus glide

size/duration in amusics’ discrimination inaccuracy may be due

to different pitch contrasts involved as in Patel et al. (2008) and

the current study. When final glides are large in size (on average

5–12 semitones) as in Patel et al. (2008), glide rate may play an

important role in one’s discrimination of pitch directions: the faster

the rate, the better the discrimination. When final glide sizes are

relatively small as in the current study (on average 4–5 semitones),

glide rate may play a less important role than glide size/duration in

one’s discrimination of pitch directions. It will be of interest to

investigate this issue further in future studies.

Pitch thresholds in speech versus
non-speech contexts
In the current study, the amusic group showed significantly higher

thresholds than the control group in both pitch threshold tasks.

However, most amusics achieved thresholds of less than one semi-

tone for both detection of pitch change and discrimination of pitch

direction. Given that the smallest glide size in our intonation tasks

was 2.4 semitones, which exceeded all but one amusic’s pitch

direction discrimination threshold, one may wonder why the

amusic group still encountered problems in intonation perception.

One possibility is that people have different pitch thresholds in

speech versus non-speech contexts. As reviewed by Moore

(2008), F0 contrasts that convey linguistic meaning are much

larger than psychophysically obtained pitch thresholds. However,

despite the likely absolute differences in threshold for pitch

changes in speech versus non-speech, the relationship between

thresholds across the two domains can be seen in the present

study, since in most cases, the trials which were incorrectly dis-

criminated by amusics had significantly smaller glide sizes than

those which were correctly discriminated. Furthermore, amusics’

pitch direction discrimination thresholds were negatively correlated

with their performance on the three statement–question

discrimination tasks: the smaller the pitch threshold, the better

the performance on intonation perception.

Conclusion
In summary, despite reporting normal speech communication abil-

ities in language questionnaires, the amusic group in the current

study showed a statement–question discrimination deficit when

exposed to small pitch direction contrasts at the sentence-final

position. Compared with controls, the amusic group also showed

impaired performance on statement–question identification and

imitation. Except for statement–question identification, amusics’

performance on intonation tasks appeared related to a psycho-

physical pitch direction discrimination deficit. These findings indi-

cate that congenital amusia is not a music-specific disorder, and

support previous evidence that the processing of pitch within and

outside language may share common mechanisms.
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