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ABSTRACT 

 
The speech signal contains at least two types of 
information: the linguistic information and a talker’s 
voice. In this study we examined how congenital 
amusia, a pitch-processing disorder, affects the 
recognition of talkers’ voices. Twenty Mandarin-
speaking amusics and 20 controls were tested on 
talker recognition in four types of contexts that 
varied in language familiarity: Mandarin real words, 
Mandarin pseudowords, Arabic words and reversed 
Mandarin speech. We found that the deficit in 
amusia affects talker recognition in that amusics 
demonstrated degraded performance in both native 
language conditions that contain phonological cues 
to facilitate talker recognition and non-native 
conditions where talker recognition primarily relies 
on phonetics cues including pitch. Altogether, the 
results suggested that the scope of amusia is beyond 
the pitch-related processing in linguistic dimension, 
but also extends to the talker dimension in speech 
signal.  
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1. INTRODUCTION 

Amusia is a lifelong neurogenetic disorder of fine-
grained pitch processing in music [1], with an 
estimated prevalence rate of approximately 1.5-4% 
(Peretz & Vuvan, 2017). The primary deficit in 
congenital amusia lies in pitch processing [1], [7], 
[8] and impaired short-term memory for pitch [9], 
[10]. Moreover, a number of studies have revealed 
that the deficit in amusia is not domain-specific, but 
transfers to the language domain. In support of this 
idea, tonal language speakers with amusia are found 
to be impoverished in lexical tone perception. For 
instance, both Mandarin and Cantonese-speaking 
amusics were less accurate at identifying and 
discriminating native tones than typical listeners [4], 
[11], [12]. Furthermore, some studies have 
suggested that the categorical perception of native 
lexical tones was also impaired [13]–[15]. The 
reduced/absent categorical perception of lexical 
tones suggested that high-level phonological 

processing of lexical tones may also be impaired in 
tonal speakers with amusia. 

In line with the findings that the high-level 
phonological processing of lexical tones was 
impaired, several studies have reported 
impoverished phonological awareness in amusics 
[16], [17]. Moreover, a recent study has revealed 
that amusics are impaired in lexical tone 
normalization in terms of using the phonological 
cues in the speech context for adapting to talker 
variation [18]. Amusics showed reduced context 
effects in anomalous and meaningful contexts 
compared with controls, but their performance was 
largely comparable to controls in nonspeech and 
reversed speech contexts, indicating that amusics 
have deficit in making use of phonological cues in 
the preceding context in the process of tone 
normalization.  

Taken together, converging evidence has shown 
the impaired phonological processing of lexical 
tones and reduced phonological awareness in 
amusia. All these findings are related to speech 
perception in the linguistic dimension. However, the 
speech signal contains at least two types of 
information: the linguistic information and a talker’s 
voice. These two types of information inevitably 
overlap in the speech signal and interact with each 
other during speech perception. For instance, speech 
perception has been found to be less accurate and 
takes longer response time when the talker 
variability increases [19]–[21]. On the other hand, 
recognition of a talker’s voice is also influenced by 
the linguistic content in the speech signal [22], [23]. 
Typical listeners are more accurate at recognizing 
talkers’ voices in their native language than in an 
unfamiliar language. For instance, [22] found that 
native English speakers were most accurate at 
identifying talkers when speaking English, followed 
by the Spanish-accented English, and they were 
worst at recognizing voices speaking Spanish, 
suggesting the facilitating effect of familiar language 
in talkers’ voice identification. 

Another line of research showed that talker 
identification was also influenced by the listeners’ 
ability in phonological processing [24], [25]. [24] 
examined the ability of listeners with dyslexia, who 
are known as having a core phonological deficit, in 
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recognizing different voices in Mandarin and 
English. The results showed that English listeners 
with dyslexia performed equally poorly as the 
control participants in identifying the Mandarin 
talkers. However, they were impaired in recognizing 
different talkers’ voices in English compared to 
controls. These studies suggested that impairment in 
phonological processing also impeded accurate 
talker identification. 

Talker voice differences are indexed by pitch 
differences, among other acoustic cues. The 
literature above has consistently demonstrated the 
effect of language familiarity and phonological 
ability on talker recognition. Nonetheless, previous 
studies on amusia have mostly focused on emotion 
prosody and linguistic pitch processing, and as such 
there is a gap as to whether and how the deficit in 
amusia influences talker processing. As reviewed 
above, amusics have shown deficits in both general 
pitch/auditory processing and higher-level 
phonological processing in the linguistic dimension. 
It is still not clear how the deficit in amusia 
influences the perception of talker’s voice in 
different language contents differing in the amount 
of linguistic cues. The current study examined the 
performance of Mandarin-speaking amusics on 
talker recognition in four types of contexts with the 
available linguistic cues gradually decreased: 
Mandarin real words, Mandarin pseudo-words, 
Arabic words and reversed Mandarin speech. 
Examining the four types of contexts allows us to 
assess the possible group and linguistic context 
effects in talker recognition in a comprehensive 
manner.  

2. METHOD 

2.1. Participants 

Twenty Mandarin-speaking amusics and 20 
musically intact controls participated in this 
experiment. Amusic and control participants were 
matched one by one in age, gender, and years of 
education. All participants were native speakers of 
Mandarin and university students at the time of the 
experiment. They were all right-handed, with no 
reported hearing impairment, history of neurological 
illness or formal musical training (instrument or 
vocal). None reported any knowledge of Arabic 
prior to their participation in the current study. None 
of the listeners had ever lived in Arabic-speaking 
countries or had any Arabic-speaking friends or 
family members. Amusics and controls were 
identified using the Montreal Battery of Evaluation 
of Amusia (MBEA) [26], which is commonly used 
to diagnose amusics. All amusic participants scored 

below 71% (Nan et al., 2010) in the global score, 
which is the mean of all six subtests, whereas all 
control participants scored higher than 80%. The 
Demographic characteristics of the participants are 
summarized in Table 1. The experimental 
procedures were approved by the Human Subjects 
Ethics committee of Shenzhen Institutes of 
Advanced Technology, Chinese Academy of 
Science. Informed written consent was obtained 
from participants in compliance with the experiment 
protocols. 
 

Table 1: Demographic characteristics of the 
amusic and control participants. 
 

 Amusics Controls 
No. of participants 20 (10 M, 10 F) 20 (10 M, 10F) 
Age (range) 23.81 ± 3.1 years  

(19.1-32.0 years) 
23.4 ± 3.2 years  
(19.0-31.2 years) 

MBEA (SD) 
Scale 61.1 (12.7) 92.2 (6.2) 
Contour 64.3 (11.0) 95.2 (4.5) 
Interval 61.2 (7.7) 93.2 (5.0) 

Rhythm 69.7 (15.3) 95.6 (5.7) 
Meter 56.7 (9.7) 81.8 (12.2) 
Memory 76.7 (12.7) 96.8 (3.1) 
Global  65 (5.5) 92.5 (3.9) 

2.2. Stimuli 

The stimuli included four types of conditions - 
Mandarin real words, Mandarin pseudo-words, 
Arabic real words and reversed Mandarin speech 
generated from Mandarin real words, all were 
disyllabic utterances. Each type of stimuli consisted 
of 20 words. Six female bilingual Mandarin-
L1/Arabic-L2 speakers were recorded producing the 
words in Mandarin (real and pseudo) and Arabic 
(real). The recordings were made at a sampling rate 
of 22,050 Hz with 16 bits per sample. Each stimulus 
type included three repetitions of each word. 

For each talker and each stimulus type, one 
clearly produced token was selected and segmented 
from the recordings using Praat [27]. The average 
acoustic intensity of each word was manipulated to 
75 dB.  Lastly, the reversed speech condition was 
created from the Mandarin real words by time-
reversing the words using Praat [27]. 

2.3. Procedure 

E-prime 2.0 was used to present the stimuli and 
collect the responses. There were two phases in this 
experiment: learning phase and a following test 
phase. Among the 20 words in each condition, ten 
were used in the learning phase. In the learning 
phase, all the participants completed a talker 
recognition training task in which they learned to 
identify the voices of six female talkers, each of 
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whom was presented as a cartoon-like character on a 
computer screen. The task was a forced-choice 
identification task with feedback. In each trial, 
participants were presented with a word, and six 
talkers’ names with the cartoon images were 
presented on the computer screen simultaneously. 
The subjects were then instructed to indicate which 
of the six talkers produced the word by pressing the 
number keys 1-6 corresponding to the talkers one to 
six. After each response, a feedback screen was 
presented. The feedback information included: (1) 
accuracy: if the response made by the participant 
was correct (in blue text) or incorrect (in red text), 
(2) the correct response: the talker who produced the 
word was shown on the screen with the 
corresponding cartoon image and name. If the 
response was correct, the participant proceeded to 
the next trial, but if the response was incorrect, the 
incorrect trial was repeated until a correct response 
was selected. The ten stimuli were repeated 12 
times, which gave rise to 120 basic trials in each 
stimulus condition. The stimuli of each condition 
were presented in a separate block. The presentation 
order of the four conditions was counterbalanced 
across the participants, and kept identical between 
matched amusic and control participants. Before 
each task, a practice block was given to the 
participants to familiarize them with the procedure. 

Immediately after the learning session, there was 
a test session. Stimuli used in the test session 
included the ten words in each condition that was 
trained in the learning session and another ten words 
that were not trained. The task was the same forced-
choice identification task as used in the learning 
session, but no feedback was given and the 
participants were required to make the response 
within 5 seconds. The presentation order of the four 
conditions was counterbalanced across the 
participants, and kept identical between matched 
amusics and controls. 

3. RESULTS 

The accuracy in the identification task was 
calculated and analysed as follows. Response to 
each trial was coded as 1 or 0 (correct or incorrect) 
for each participant. To compare the accuracy of 
amusics and controls, generalized mixed-effects 
models were fitted on the responses to each trial (1 
or 0) with group (amusics and controls), condition 
(Mandarin real words, Mandarin pseudo-words, 
Arabic words and reversed Mandarin words) and 
word type (trained and untrained words) as three 
fixed effects, and with by-subject random intercept 
and slope as random effects; two-way and three-way 
interactions were also included as fixed effects in the 

models. Models were compared by likelihood ratio 
tests and p-values were obtained from those tests. 
The above analyses were performed with R (R Core 
Team, 2014), using the lme4 package [29], the lmtest 
package [30] and the lsmeans package [31].	Figure 1 
shows the accuracy. 
 

Figure 1: Talker recognition accuracy in the two 
groups. 
 

 
Figure 2: RT in the talker recognition task. 
 

 
There were significant main effects 

of group (χ2(1) = 14.901, p < 0.001), condition (χ2(3) 
= 353.99, p < 0.001), and word type (χ2(1) = 
14.846, p < 0.001). Identification accuracy in the 
amusic group was significantly lower than the 
control group. Accuracy on the trained words was 
significantly higher than the untrained words. For 
the effect of condition, post hoc analysis showed that 
the identification accuracy in the Mandarin real 
word context was significantly higher than the other 
three types (ps < 0.001). Mandarin pseudoword 
context also elicited better talker identification 
accuracy than the other two conditions, Arabic word 
(z = -4.840, p < 0.001) and reversed speech (z = -
12.564, p < 0.001). Finally, the Arabic word context 
elicited significantly higher accuracy than the 
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reversed condition (z = -7.777, p < 0.001). No other 
effects were significant. 

For the RT analysis, we included both the 
correct and incorrect trials. It is hypothesized that 
RT may also reflect the cognitive efforts involved in 
talker identification, and can be interpreted along 
with the accuracy data. Linear mixed-effects models 
were also fitted on the log-transformed RT data with 
group, condition and word type as three fixed 
effects, and with by-subject random intercept and 
slope as random effects; two-way and three-way 
interactions were also included as fixed effects in the 
models. Models were compared by likelihood ratio 
tests. Figure 2 shows the RT. 

There were significant main effects 
of condition (χ2(3) = 123.4, p < 0.001) and word type 
(χ2(1) = 5.847, p = 0.015). RT in the reversed 
condition was the shortest, significantly shorter than 
the other three types of contexts (ps < 0.001). The 
Mandarin pseudoword condition elicited longer RT 
than Mandarin real word condition (p = 0.001). No 
other effects were significant.  

4. DISCUSSION 

The current study examined the amusics’ ability to 
recognize a talker’s voice in four conditions 
differing in the amount of available phonological 
cues. Firstly, the results confirmed the language 
effect in talker identification in that control listeners 
demonstrated better talker identification 
performance in the conditions with richer 
phonological cues, such that the highest talker 
identification accuracy was observed in the 
Mandarin real word condition, followed by the 
Mandarin pseudoword condition, the Arabic word 
condition, and finally the reversed Mandarin word 
condition. As mentioned earlier, both Mandarin real 
word and pseudoword conditions were native speech 
contexts with phonological cues (i.e., containing 
native phonemes and tones), but in the pseudoword 
condition, the combinations of the syllables and 
tones were illegal, which reduced the semantic 
content of the words. On the other hand, the Arabic 
word condition contains no native phonemes to 
Mandarin speakers. The reversed speech context 
sounded like foreign language, where the legal 
phonological cues were removed. The results 
obtained in the current study are largely consistent 
with previous findings that talker identification is 
facilitated by the native language context [22], and 
this effect disappears when the linguistic content of 
the speech is eliminated or destroyed [23].  

Compared to controls, amusics demonstrated 
degraded talker recognition performance in terms of 
the accuracy, and there was no group and condition 

interaction. These results suggest that Mandarin-
speaking amusics were impaired in talker 
recognition in both levels: talker recognition via 
utilizing phonological cues in native speech contexts 
(Mandarin real word and pseudoword) and talker 
recognition via analysing phonetic cues in the non-
native speech contexts (Arabic word and reversed 
Mandarin speech). Therefore, corroborating with 
previous findings [18], in which amusics exhibited 
impairment in lexical tone normalization in utilizing 
phonological cues in the meaningful and anomalous 
contexts, results of the current study suggested that 
when processing another dimension of speech 
signal, i.e., talker’ voice, amusics were also deficient 
in using the phonological representations in the 
language to recognize the talker’ identity.  

It should be noted that amusics, despite 
displaying overall degraded performance in talker 
processing, still exhibited better performance in the 
native speech contexts (Mandarin real word and 
pseudoword) than in the non-native speech contexts 
(Arabic word and reversed Mandarin speech), a 
pattern largely similar to the performance of 
controls. This result indicates that amusics were able 
to make use of phonological cues to some extent, 
displaying certain facilitation of phonological cues 
in talker recognition. Taken together, the findings of 
the current study suggested that disorders in amusia 
does not only affect the linguistic pitch processing, 
but also influences the talker’s voice recognition, 
another important aspect of speech signal.  

5. CONCLUSION 

The findings of the current study demonstrated that 
amusia affects talker identification. The degraded 
performance in amusia was found in both native 
language conditions and non-native conditions. 
Despite being impaired in talker recognition 
compared to controls, amusics displayed similar 
patterns concerning the language familiarity effect 
as controls, suggesting that they seemed to preserve 
some abilities in utilizing the phonological cues in 
the native language conditions. The results in the 
present study have further expanded our 
understanding of the scope of amusia in that the 
deficit in amusia also negatively influences talker’ 
voice recognition.  
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