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Abstract: The current study examined whether the blind are superior to sighted listeners in
voice recognition. Three subject groups, including 17 congenitally blind, 18 late blind, and
18 sighted, showed no significant differences in the immediate voice recognition test. In the
delayed test conducted two weeks later, however, both congenitally blind and late blind
groups performed better than the sighted with no significant difference between the two
blind groups. These results partly confirmed the anecdotal observation about the blind’s
superiority in voice recognition, which resides mainly in delayed memory phase but not in
immediate recall and generalization phase. VC 2020 Acoustical Society of America
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1. Introduction

It is a common belief that blindness may lead to enhanced ability in the other intact systems as a
result of sensory compensation (Kupers et al., 2011; H€otting and R€oder, 2009). An increasing
number of studies have shown that blind individuals perform better than sighted counterparts on
a broad range of non-visual (primarily in the auditory modality) perceptual and cognitive tasks.
For example, enhanced performance in the blind was observed in simple auditory tasks such as
pitch discrimination (Gougoux et al., 2004) and temporal resolution (Muchnik et al., 1991), as
well as in higher auditory skills such as sound localization (Lessard et al., 1998; Voss et al.,
2004) and speech perception (R€oder et al., 2000; Hugdahl et al., 2004), which also extends to
musical rhythm perception (Zhang et al., 2019), verbal memory performance (Amedi et al., 2003;
R€oder et al., 2001), and long-term memory for environmental sounds (R€oder and R€osler, 2003).

Voice perception is amongst the most important functions of the human auditory system
in support of social communication, allowing us to extract a wealth of information about the
speaker’s identity (Belin et al., 2004). Even newborns are able to reliably differentiate their moth-
er’s voice from others (Beauchemin et al., 2011). Unlike sighted individuals who can make use of
both facial and vocal features for person identification, blind individuals do not have access to
the visual input. Voice perception, therefore, is especially important for blind individuals in
allowing them not only to readily recognize familiar persons, but also to gauge a speaker’s sex,
age, ethnicity, and social status (Kreiman and Sidtis, 2011). Interestingly, although some anec-
dotal observations suggest better voice recognition in the blind (James, 1890; Stankov and
Spillsbury, 1978), empirical evidence for such a superiority is quite scarce and non-definitive. The
reported results have been mixed with three studies showing superiority in the blind (Bull et al.,
1983; F€ocker et al., 2012; H€olig et al., 2014) and three others revealing no significant difference
between sighted and blind individuals (Winograd et al., 1984; G€unzburger et al., 1987; Gougoux
et al., 2009). These studies adopted various tasks such as voice discrimination, matching and
identification without a consistent control of participant characteristics in terms of degree of
visual impairment (e.g., totally blind and those with partial vision), and musical experience (e.g.,
years of formal musical training). It remains to be further investigated whether blind individuals
are superior to their sighted counterparts in voice perception.

One important caveat is that the onset age of blindness during development may deter-
mine the degree of auditory enhancement. For instance, congenitally and early blind individuals
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reportedly display superior performance over late blind individuals (Gougoux et al., 2004; Voss
et al., 2008; Wan et al., 2009). Neuroimaging studies have further demonstrated that individuals
deprived of visual input from birth and early life are more susceptible to changes in brain func-
tion induced by blindness than those becoming blind late in life (Buchel et al., 1998; Fieger
et al., 2006). However, not all behavioral findings support this notion (R€oder and R€osler, 2003;
Voss et al., 2004).

The aim of the current study was to examine the possible superiority in voice perception
of blind over sighted individuals. To ascertain whether the superior long-term memory for verbal
and environmental sounds in the blind (Amedi et al., 2003; R€oder et al., 2001; R€oder and
R€osler, 2003) also applies to voice perception, a delayed test was conducted two weeks after the
immediate test. We were additionally interested in comparing individuals blinded at different
phases in development (congenitally blind and late blind) with matched degree of vision to inves-
tigate the effects of onset age of visual loss. To our knowledge, previous studies on this topic
have not made such a direct comparison.

2. Methods

2.1 Subjects

Seventeen congenitally blind (5 females; age range: 18–30 years), 18 late blind (6 females; age
range: 18–27 years with onset age of blindness >5 years) participants and 18 sighted controls (7
females; age range: 18–26) took part in our study. In each case of blindness, the visual deficit
resulted from anomalies in peripheral structures and resulted in total blindness except for mini-
mal residual light sensitivity in seven congenitally blind and five late blind participants (see sup-
plementary material for demographic characteristics of the blind participants1). All participants
were native speakers of Mandarin Chinese and were undergraduate or postgraduate students
with the blind participants from the Special Education College of Beijing Union University and
the sighted controls from several universities in Beijing. As musical training can lead to enhanced
auditory and cognitive abilities (Kraus and Chandrasekaran, 2010; Bogusz-Witczak et al., 2015;
Patel and Morgan, 2017), it is important to control for this potentially confounding factor. None
of the participants received formal musical training and the three groups did not differ signifi-
cantly in musical competence [F(2, 50) ¼ 1.876, p ¼ 0.164, partial g2 ¼ 0.07] assessed via
Musical Ear Test (Wallentin et al., 2010). No one had a history of neurological, psychiatric, or
neuropsychological problems. They all passed a hearing screening at 25 dB hearing level for
octave frequencies between 125 and 8000 Hz bilaterally with no significant between-group differ-
ences in the hearing thresholds at any frequencies [F(2, 50) � 1.824, p � 0.172, partial g2 � 0.068].
Written informed consent was obtained from each participant on their first visit to the laboratory.
The study was approved by the Institutional Review Board (IRB) of the State Key Laboratory of
Cognitive Neuroscience and Learning at Beijing Normal University.

2.2 Stimulus materials

Stimuli for the voice recognition experiment consisted of 15 Chinese sentences which were from a
corpus comprising 80 sentences in four languages used in our previous study (Zhao et al., 2008).
The sentences were short news-like declarative statements and each sentence was composed of 15
syllables. Five female native Chinese speakers who did not participate in the voice perception
experiment read each of the sentences in a sound attenuated room. The sentences were recorded
at a sampling rate of 44.1 kHz and digitized at 16 kHz. The mean duration of the sentences was
2725 ms (range: 2506–3067 ms) with 50 ms fade in and fade out in order to guarantee a smooth
onset and offset of the voice stimuli. Sentences were checked for naturalness by two native
Chinese speakers and all the sentences were perceived as having no discernible idiosyncratic
talker characteristics (e.g., unusual phonetic or prosodic properties such as creaky voice).

2.3 Procedure

The current study adopted a well-established paradigm, i.e., voice identification task which con-
sisted of a familiarization phase, a practice phase and a generalization phase (Perrachione et al.,
2011; F€ocker et al., 2012; F€ocker et al., 2015; Xin and Myers, 2015). Furthermore, we assessed
delayed memory for voice which has never been examined in previous studies. The delayed mem-
ory test consisted of only a generalization phase and the participants were not informed that
delayed voice memory would be tested. All participants were blindfolded during testing.

Participants were tested individually in a quiet room with ambient noise level below 45
dB(A). The auditory stimuli were presented over headphones at 70 dB sound pressure level (SPL)
with equal phase and intensity at both ears. On each trial, each participant heard one of the five
training sentences read by one of the five speakers followed by a number designating that speak-
er’s voice (1, 2, 3, 4, or 5) spoken by a male speaker. This procedure was intended to familiarize
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the participants with the voices. The presentation order was blocked by sentences. Specifically,
participants heard the same sentence read by all five speakers with two repetitions from each
speaker. This procedure was repeated until listeners heard all five voices reading all five training
sentences. The total number of sentences they heard was 5 sentences � 2 times � 5 talkers ¼ 50
trials. Participants were instructed to associate each number with the corresponding voice.

After familiarization, participants learned to identify the voice of each speaker. Stimuli
were presented as in the familiarization phase, but participants were asked to respond with the num-
ber of the speaker by entering 1, 2, 3, 4, or 5 on the keyboard. Feedback was provided, and the cor-
rect number was indicated if the answer was incorrect. During the practice phrase, five repetitions
of each of the five speakers reading five trained sentences were presented in randomized order. The
total number of sentences they heard was 5 sentences � 5 times � 5 talkers ¼ 125 trials.

Generalization phase was conducted immediately after the practice phrase and the pro-
cedure was the same as in the practice phase except that no feedback was provided.
Participants were required to identify the voices of ten novel sentences with one repetition of
each of the five speakers reading the sentences, resulting in a total of 50 trials. This phase
assessed the ability of the participants to transfer their voice-invariant knowledge to novel
sentences.

Delayed memory phase was conducted two weeks later in order to examine the possible
difference in voice memory ability among the three groups. The stimuli and procedure were the
same as in the generalization phase.

3. Results

Percent-correct values were obtained based on the raw scores (number of correct responses) (see
Fig. 1). A 3 � 2 repeated measures analysis of variance was then carried out with participant
group (congenitally blind, late blind, and sighted) as the between-subject factor and test phase
(immediate generalization phase and delayed memory phase) as the within-subject factor. The
main effects of participant group [F(2, 50) ¼ 3.432, p ¼ 0.04, partial g2 ¼ 0.121] and test phase
[F(1, 50) ¼ 47.105, p < 0.001, partial g2 ¼ 0.485] were both significant, indicating that the three
groups performed differently on voice recognition and that performance in the immediate gener-
alization phase was better than that in the delayed memory phase. LSD post hoc tests on the
main effect of participant group showed that both blind groups performed better than the sighted
group (p ¼ 0.02 for the congenitally blind versus the sighted; p ¼ 0.043 for the late blind versus
the sighted), but the two blind groups performed similarly (p ¼ 0.717).

More importantly, the results revealed a significant interaction effect between participant
group and test phase [F(2, 50) ¼ 3.76, p ¼ 0.03, partial g2 ¼ 0.131], indicating that group differ-
ence in voice recognition was modulated by test phase. Further simple effect analyses revealed
that the three groups had similar performance in the immediate generalization phase [F(2, 50) ¼ 1.26,
p ¼ 0.293, partial g2 ¼ 0.048], but had significantly different performance in the delayed memory
phase [F(1, 50) ¼ 4.34, p ¼ 0.018, partial g2 ¼ 0.148] with the two blind groups performing
similarly [LSD post hoc test, p ¼ 0.843] but both better than the sighted group [LSD post hoc
test, p ¼ 0.011 for the congenitally blind versus the sighted; p ¼ 0.017 for the late blind versus
the sighted].

Fig. 1. Percent-correct values of voice recognition by the congenitally blind, late blind, and sighted groups in the generaliza-
tion and delayed memory phases. ***: significant at p < 0.001, *: significant at p < 0.05. Error bars represent standard devia-
tion across subjects.
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4. Discussion

In the present study, we examined the anecdotal observation that the blind are superior to the
sighted in voice recognition. The superiority was confirmed by the significant main effect of par-
ticipant group and post hoc analyses, indicating that both congenitally and late blind individuals
recognize voices of native speakers better than sighted counterparts. More importantly, the signif-
icant interaction between participant group and test phase revealed that the blind’s superiority in
voice recognition resides mainly in delayed memory phase but not in immediate generalization
phase.

Although blindness may enhance voice perception ability in accordance with the sensory
compensation account, many empirical studies demonstrated that blind persons generally showed
no advantage in voice identification or discrimination tasks (Winograd et al., 1984; G€unzburger
et al., 1987; Gougoux et al., 2009). Furthermore, blind and sighted persons did not differ in their
voice-based estimation of relative heights of men (Pisanski et al., 2016), or in the assessment of
competence or warmth (Oleszkiewicz et al., 2017). Our finding that the sighted, congenitally and
late blind individuals performed similarly in the immediate voice recognition test is therefore con-
sistent with results of the previous studies, indicating that the superiority of blind individuals in
some auditory processing skills does not apply to voice perception. The lack of significant differ-
ence between blind and sighted individuals might be due to the modulatory effect of linguistic
cues on voice perception because speakers and listeners always share the same native languages
in the current and above studies. Traditional views of speech perception separate the features
and processes used to encode voice attributes from those used to perceive the linguistic contents
(Halle, 1985; Laver and Trudgill, 1979). That is, the acoustic features representing vocal quality
are linguistically irrelevant. However, recent findings have revealed that vocal characteristics and
linguistic properties are perceived independently and that listeners rely heavily on linguistic cues
when perceiving voices of native language speakers as demonstrated by the language familiarity
effect (Perrachione et al., 2010; Xin and Myers, 2015). As the perception of nonnative speakers’
voices by the blind has never been examined, it remains to be investigated whether blind individ-
uals are superior to sighted counterparts in discriminating and identifying voices of nonnative
speakers in comparison with native language speakers’ voices.

The blind and sighted individuals performed better than their sighted counterparts in the
delayed memory test, indicating that the blind have superior long-term memory for voice infor-
mation of native language speakers. Our finding is consistent with the findings of previous
research that the blind have better memory than the sighted for verbal materials and environ-
mental sounds (R€oder et al., 2001; Amedi et al., 2003; H€otting and R€oder, 2009). The perfor-
mance of the two blind groups, however, did not differ. This finding is consistent with the result
of Bull et al. (1983) that the onset age and number of years of blindness both failed to relate to
voice recognition accuracy. All the late blind participants in the current study had been totally
blind after the age of 5 years old, indicating that the blind’s superiority in delayed memory for
voice information is likely to be not linked to the critical period associated with changes in brain
function induced by blindness. When identifying other people, blind individuals rely much more
on voices compared to sighted individuals who use both facial and vocal features. Therefore,
even short-term visual loss in blind adults may lead to enhanced ability to retain and retrieve
voice information in long-term memory so that a speaker encountered occasionally can be recog-
nized successfully later. The superiority of blind individuals in auditory memory is always
ascribed to the inter-modal plasticity of the primary visual brain area. For example, Amedi et al.
(2003) found that blind individuals had better long-term memory for words compared with
sighted counterparts and that the memory performance was positively correlated with activation
in the primary visual brain area among the blind but not the sighted. By contrast, voice percep-
tion in congenitally blind individuals mainly recruited the superior temporal sulcus reflecting
intra-modal plasticity (Gougoux et al., 2009). Whether the superiority of congenitally and late
blind individuals over sighted counterparts in delayed memory for voice is ascribed to inter- or
intra-modal plasticity can be further investigated through neuroimaging studies.

It is noteworthy that a previous study adopted similar experimental procedures showed
that congenitally blind individuals performed better than their sighted counterparts in the gener-
alization phase (F€ocker et al., 2012). Different stimuli were used in the study of F€ocker et al.
and the present study. Specifically, the study of F€ocker et al. used 20 disyllabic pseudo-words
spoken by 12 speakers (young women/men and old women/men with each group consisting of 3
speakers), while the current study used 15 sentences spoken by 5 young women. The differences
in phonetic richness between the sentence and pseudo-word stimuli and the differences in task
difficulty and complexity in terms of age, sex, and number of target speakers might have collec-
tively led to the discrepancy. Although recognizing the voices of 5 speakers would presumably be
easier than recognizing 12 voices, the lack of significant group difference in the generalization
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phase in the present study cannot simply be ascribed to the ceiling effect as the scores were in
the range of 58%–98% with no participant achieving a perfect score. Further studies are needed
to clarify how various experimental tasks and stimuli affect voice recognition and the related cog-
nitive processes such as short-term and long-term memory among the blind and sighted
individuals.

Acknowledgments

This research was supported by grants from the Social Science Fund of Beijing (Grant No.
17YYA004), the Discipline Team Support Program (Grant No. JC201901) and the Science
Foundation of Beijing Language and Culture University (Fundamental Research Funds for the
Central Universities) (Grant No. 18PT09) to L.J.Z.

References and links
1See supplementary material at https://doi.org/10.1121/10.0001804 for demographic characteristics of the blind
participants.

Amedi, A., Raz, N., Pianka, P., Malach, R., and Zohary, E. (2003). “Early ‘visuals, cortex activation correlates with
superior verbal memory performance in the blind,” Nat. Neurosci. 6(7), 758–766.

Beauchemin, M., Gon�zalez-Frankenberger, B., Tremblay, J., Vannasing, P., Mart�ınez-Montes, E., Belin, P., B�eland,
R., Francoeur, D., Carceller, A., Wallois, F., and Lassonde, M. (2011). “Mother and stranger: An electrophysiological
study of voice processing in newborns,” Cereb. Cortex 21(8), 1705–1711.

Belin, P., Fecteau, S., and B�edard, C. (2004). “Thinking the voice: Neural correlates of voice perception,” Trends Cogn.
Sci. 8(3), 129–135.

Bogusz-Witczak, E., Skrodzka, E., and Turkowska, H. (2015). “Influence of musical experience of blind and visually
impaired young persons on performance in selected auditory tasks,” Arch. Acoust. 40(3), 337–349.

Buchel, C., Price, C., Frackowiak, R. S., and Friston, K. (1998). “Different activation patterns in the visual cortex of
late and congenitally blind subjects,” Brain 121, 409–419.

Bull, R., Rathborn, H., and Clifford, B. R. (1983). “The voice-recognition accuracy of blind listeners,” Perception 12(2),
223–226.

Fieger, A., Roder, B., Teder-Salejarvi, W., Hillyard, S. A., and Neville, H. J. (2006). “Auditory spatial tuning in late-
onset blindness in humans,” J. Cogn. Neurosci. 18(2), 149–157.

F€ocker, J., Best, A., H€olig, C., and R€oder, B. (2012). “The superiority in voice processing of the blind arises from neural
plasticity at sensory processing stages,” Neuropsychologia 50(8), 2056–2067.

F€ocker, J., Hoelig, C., Best, A., and Roeder, B. (2015). “Neural plasticity of voice processing: Evidence from event-
related potentials in late-onset blind and sighted individuals,” Restor. Neurol. Neurosci. 33(1), 15–30.

Gougoux, F., Belin, P., Voss, P., Lepore, F., Lassonde, M., and Zatorre, R. (2009). “Voice perception in blind persons:
A functional magnetic resonance imaging study,” Neuropsychologia 47(13), 2967–2974.

Gougoux, F., Lepore, F., Lassonde, M., Voss, P., Zatorre, R., and Belin, P. (2004). “Neuropsychology: Pitch discrimi-
nation in the early blind,” Nature 430(6997), 309.

G€unzburger, D., Bresser, A., and Keurs, M. T. (1987). “Voice identification of prepubertal boys and girls by normally
sighted and visually handicapped subjects,” Lang. Speech 30, 47–58.

Halle, M. (1985). “Speculations about the representation of words in memory,” in Phonetic Linguistics: Essays in Honor
of Peter Ladefoged, edited by V. Fromkin (Academic Press, New York), pp. 101–114.

H€olig, C., F€ocker, J., Best, A., R€oder, B., and B€uchel, C. (2014). “Brain systems mediating voice identity processing in
blind humans,” Hum. Brain Mapp. 35(9), 4607–4619.

H€otting, K., and R€oder, B. (2009). “Auditory and auditory-tactile processing in congenitally blind humans,” Hear. Res.
258(1-2), 165–174.

Hugdahl, K., Ek, M., Takio, F., Rintee, T., Tuomainen, J., Haarala, C., and H€am€al€ainen, H. (2004). “Blind individuals
show enhanced perceptual and attentional sensitivity for identification of speech sounds,” Brain Res. Cogn. Brain Res.
19(1), 28–32.

James, W. (1890). Principles of Psychology (Henry Holt, New York).
Kraus, N., and Chandrasekaran, B. (2010). “Music training for the development of auditory skills,” Nat. Rev.

Neurosci. 11(8), 599–605.
Kreiman, J., and Sidtis, D. (2011). Foundations of Voice Studies: An Interdisciplinary Approach to Voice Production and

Perception (Wiley-Blackwell, Hoboken).
Kupers, R., Beaulieu-Lefebvre, M., Schneider, F. C., Kassuba, T., Paulson, O. B., Siebner, H. R., and Ptito, M. (2011).

“Neural correlates of olfactory processing in congenital blindness,” Neuropsychologia 49(7), 2037–2044.
Laver, J., and Trudgill, P. (1979). “Phonetic and linguistic markers in speech,” in Social Markers in Speech, edited by K.

Scherer and H. Giles (Cambridge University Press, Cambridge), pp. 1–31.
Lessard, N., Par�e, M., Lepore, F., and Lassonde, M. (1998). “Early-blind human subjects localize sound sources better

than sighted subjects,” Nature 395, 278–280.
Muchnik, C., Efrati, M., Nemeth, E., Malin, M., and Hildesheimer, M. (1991). “Central auditory skills in blind and

sighted subjects,” Scand. Audiol. 20(1), 19–23.
Oleszkiewicz, A., Pisanski, K., Lachowicz-Tabaczek, K., and Sorokowska, A. (2017). “Voice-based assessments of trust-

worthiness, competence, and warmth in blind and sighted adults,” Psychon. Bull. Rev. 24(3), 856–862.

EL212 J. Acoust. Soc. Am. 148 (2), August 2020 Pang et al.

https://doi.org/10.1121/10.0001804

https://doi.org/10.1121/10.0001804#suppl
https://doi.org/10.1038/nn1072
https://doi.org/10.1093/cercor/bhq242
https://doi.org/10.1016/j.tics.2004.01.008
https://doi.org/10.1016/j.tics.2004.01.008
https://doi.org/10.1515/aoa-2015-0037
https://doi.org/10.1093/brain/121.3.409
https://doi.org/10.1068/p120223
https://doi.org/10.1162/jocn.2006.18.2.149
https://doi.org/10.1016/j.neuropsychologia.2012.05.006
https://doi.org/10.3233/RNN-140406
https://doi.org/10.1016/j.neuropsychologia.2009.06.027
https://doi.org/10.1038/430309a
https://doi.org/10.1177/002383098703000104
https://doi.org/10.1002/hbm.22498
https://doi.org/10.1016/j.heares.2009.07.012
https://doi.org/10.1016/j.cogbrainres.2003.10.015
https://doi.org/10.1038/nrn2882
https://doi.org/10.1038/nrn2882
https://doi.org/10.1016/j.neuropsychologia.2011.03.033
https://doi.org/10.1038/26228
https://doi.org/10.3109/01050399109070785
https://doi.org/10.3758/s13423-016-1146-y
https://doi.org/10.1121/10.0001804


Patel, A., and Morgan, E. (2017). “Exploring cognitive relations between prediction in language and music,” Cogn. Sci.
41(Suppl. 2), 303–320.

Perrachione, T., Chiao, J., and Wong, P. (2010). “Asymmetric cultural effects on perceptual expertise underlie an own-
race bias for voices,” Cognition 114(1), 42–55.

Perrachione, T., Del Tufo, S., and Gabrieli, J. (2011). “Human voice recognition depends on language ability,” Science
333(6042), 595.

Pisanski, K., Oleszkiewicz, A., and Sorokowska, A. (2016). “Can blind persons accurately assess body size from the
voice?,” Biol. Lett. 12(4), 20160063.

R€oder, B., and R€osler, F. (2003). “Memory for environmental sounds in sighted, congenitally blind and late blind
adults: Evidence for cross-modal compensation,” Int. J. Psychophysiol. 50(1-2), 27–39.

R€oder, B., R€osler, F., and Neville, H. (2000). “Event-related potentials during auditory language processing in congeni-
tally blind and sighted people,” Neuropsychologia 38(11), 1482–1502.

R€oder, B., R€osler, F., and Neville, H. (2001). “Auditory memory in congenitally blind adults: A behavioral-
electrophysiological investigation,” Brain Res. Cogn. Brain Res. 11(2), 289–303.

Stankov, L., and Spillsbury, G. (1978). “The measurement of auditory abilities of blind, partially sighted, and sighted
children,” Appl. Psychol. Meas. 2(4), 491–503.

Voss, P., Gougoux, F., Zatorre, R., Lassonde, M., and Lepore, F. (2008). “Differential occipital responses in early- and
late-blind individuals during a sound-source discrimination task,” Neuroimage 40(2), 746–758.

Voss, P., Lassonde, M., Gougoux, F., Fortin, M., Guillemot, J. P., and Lepore, F. (2004). “Early- and late-onset blind
individuals show supra-normal auditory abilities in far-space,” Curr. Biol. 14(19), 1734–1738.

Wallentin, M., Nielsen, A. H., Friis-Olivarius, M., Vuust, C., and Vuust, P. (2010). “The Musical Ear Test, a new reli-
able test for measuring musical competence,” Learn. Ind. Differ. 20(3), 188–196.

Wan, C., Wood, A., Reutens, D., and Wilson, S. (2009). “Early but not late-blindness leads to enhanced auditory
perception,” Neuropsychologia 48(1), 344–348.

Winograd, E., Kerr, N., and Spence, M. J. (1984). “Voice recognition: Effects of orienting task, and a test of blind ver-
sus sighted listeners,” Am. J. Psychol. 97(1), 57–70.

Xin, X., and Myers, E. (2015). “The impact of musical training and tone language experience on talker identification,”
J. Acoust. Soc. Am. 137(1), 419–432.

Zhang, L., Jiang, W., Shu, H., and Zhang, Y. (2019). “Congenital blindness enhances perception of musical rhythm
more than melody in Mandarin speakers,” J. Acoust. Soc. Am. 145(5), EL354–EL359.

Zhao, J., Shu, H., Zhang, L., Wang, X., Gong, Q., and Li, P. (2008). “Cortical competition during language discrimi-
nation,” Neuroimage 43(3), 624–633.

J. Acoust. Soc. Am. 148 (2), August 2020 Pang et al. EL213

https://doi.org/10.1121/10.0001804

E
X

P
R

E
S

S
L

E
T

T
E

R
S

https://doi.org/10.1111/cogs.12411
https://doi.org/10.1016/j.cognition.2009.08.012
https://doi.org/10.1126/science.1207327
https://doi.org/10.1098/rsbl.2016.0063
https://doi.org/10.1016/S0167-8760(03)00122-3
https://doi.org/10.1016/S0028-3932(00)00057-9
https://doi.org/10.1016/S0926-6410(01)00002-7
https://doi.org/10.1177/014662167800200403
https://doi.org/10.1016/j.neuroimage.2007.12.020
https://doi.org/10.1016/j.cub.2004.09.051
https://doi.org/10.1016/j.lindif.2010.02.004
https://doi.org/10.1016/j.neuropsychologia.2009.08.016
https://doi.org/10.2307/1422547
https://doi.org/10.1121/1.4904699
https://doi.org/10.1121/1.5100899
https://doi.org/10.1016/j.neuroimage.2008.07.025
https://doi.org/10.1121/10.0001804

	s1
	l
	n1
	s2
	s2A
	s2B
	s2C
	s3
	f1
	s4
	fn1
	c1
	c2
	c3
	c4
	c5
	c6
	c7
	c8
	c9
	c10
	c11
	c12
	c13
	c14
	c15
	c16
	c17
	c18
	c19
	c20
	c21
	c22
	c23
	c24
	c25
	c100
	c26
	c27
	c28
	c29
	c30
	c31
	c32
	c33
	c34
	c35
	c36
	c37
	c38
	c39

