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Abstract: The current study compared the language-familiarity effect on voice recognition by blind listeners and sighted indi-
viduals. Both groups performed better on the recognition of native voices than nonnative voices, but the language-familiarity
effect is smaller in the blind than in the sighted group, with blind individuals performing better than their sighted counter-
parts only on the recognition of nonnative voices. Furthermore, recognition of native and nonnative voices was significantly
correlated only in the blind group. These results indicate that language familiarity affects voice recognition by blind listeners,
who differ to some extent from their sighted counterparts in the use of linguistic and nonlinguistic features during voice rec-
ognition. VC 2021 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY)
license (http://creativecommons.org/licenses/by/4.0/).

[Editor: Donald Derrick] https://doi.org/10.1121/10.0004848

Received: 26 January 2021 Accepted: 11 April 2021 Published Online: 3 May 2021

1. Introduction

Spoken language carries two distinct kinds of information that can be extracted simultaneously by listeners to apprehend
the linguistic form of the message and to recognize the paralinguistic personal attributes of the speaker. Traditional theo-
retical views of speech perception assume separate processes and mechanisms underlying speech comprehension and voice
recognition (Klatt, 1989; Goldinger, 1998), as evidenced by the double dissociation between the two abilities in patients
with phonagnosia (preserved speech comprehension but impaired voice recognition) and patients with receptive aphasia
(preserved voice recognition but impaired speech comprehension) (Van Lancker and Canter, 1982; Van Lancker et al.,
1988). There is also behavioral and neuroimaging evidence from normal subjects that speech comprehension and voice
recognition are computed by different cognitive and neural processes (Belin et al., 2000; Von Kriegstein et al., 2003).
However, many studies have shown that processing of linguistic and voice information interacts to a considerable degree.
On the one hand, linguistic processes are affected by speaker variability and familiarity: lexical processing differs between
single- and multiple-speaker conditions (Mullennix and Pisoni, 1990), and speech spoken by familiar speakers is better
understood and remembered than that spoken by unfamiliar speakers (Nygaard and Pisoni, 1998). On the other hand,
voice recognition is influenced by linguistic knowledge and language familiarity: dyslexic listeners with phonological defi-
cits are impaired in the recognition of native voices (Perrachione et al., 2011), and listeners typically perform better on the
recognition of their native voices than nonnative (i.e., native speakers of listeners’ nonnative languages) voices (Goggin
et al., 1991). The superiority in the recognition of native over nonnative voices is defined as language-familiarity effect,
which emerges in early infancy (Johnson et al., 2011; Fetcher and Johnson, 2019) and has been observed in multiple
cross-language studies involving language pairs such as Spanish and German (K€oster and Schiller, 1997), German and
English (Winters et al., 2008), and Chinese and English (Fleming et al., 2014). The infant data, in particular, demonstrate
a dependence between linguistic and nonlinguistic processing as early as 4.5months of age without necessarily requiring
sophisticated linguistic knowledge or language proficiency.

Voice recognition plays an important role in social communications, allowing us to extract a wealth of speaker
identity information including sex, age, ethnicity, and social status (Belin et al., 2000; Kreiman and Sidtis, 2011). This is
particularly true for blind listeners, who are unable to use indexical attributes such as facial and body features available in
the visual modality during communicative interactions. There have been anecdotal observations in support of better voice
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recognition in blind listeners for a long time (James, 1890). For example, the famous French philosopher Diderot (1749)
reported that a blind person possessed enhanced voice recognition ability. Stankov and Spillsbury (1978) noted a common
belief of sensory compensation, that blindness may lead to enhanced perceptual abilities in auditory modality including
voice recognition. The superiority of blind listeners in voice recognition over sighted listeners, however, was not unequivo-
cally supported by empirical research. For example, such superiority was reported in some studies (Bull et al., 1983;
F€ocker et al., 2012; H€olig et al., 2014) but not found in others (Winograd et al., 1984; G€unzburger et al., 1987; Gougoux
et al., 2009). In our recent study, which carefully controlled participant characteristics such as degree of visual impairment
and musical experience, enhanced voice recognition in blind listeners was observed only in the delayed memory phase and
not in the immediate generalization phase (Pang et al., 2020). All the existing studies, however, examined recognition of
native voices only. It remains unclear whether blind listeners may perform differently from their sighted counterparts on
the recognition of nonnative voices, and it is also unknown whether the language-familiarity effect observed in sighted lis-
teners also applies to blind listeners. These questions tap into the nature of integration of linguistic and indexical process-
ing of speech in relation to the sensory and cognitive abilities that can be jointly influenced by language learning and
vision loss.

In the current comparative study, we examined recognition of native and nonnative voices by blind listeners and
their sighted counterparts in the immediate generalization phase. We predicted that (1) the language-familiarity effect on
voice recognition would also apply to blind listeners and (2) blind listeners would exhibit enhanced performance on the
recognition of nonnative voices. Beyond these two specific predictions, the search remained exploratory in nature for the
correlations between native and nonnative voice recognition in the two groups. There has been only one study, by Xie and
Myers (2015), showing a significant correlation in sighted listeners. We predicted that stronger correlation would be
observed in the blind listeners than in the sighted listeners, reflecting the difference in perceptual weights on linguistic and
nonlinguistic information during native and nonnative voice recognition in the two groups. Specifically, nonlinguistic
information might contribute to both native and nonnative voice recognition in blind listeners, while linguistic and nonlin-
guistic information contribute to native and nonnative voice recognition in sighted listeners, respectively.

2. Methods

2.1 Subjects

Twenty congenitally blind listeners (seven females; age range: 18–27 years) and 20 sighted controls (ten females; age range:
19–25) who were not involved in our previous experiment on voice recognition (Pang et al., 2020) took part in the present
study. In each case of blindness, the visual deficit was caused by congenital anomalies in peripheral structures that resulted
in total blindness except for residual light perception in six participants. All the blind and sighted participants were native
Mandarin Chinese speakers, and none of them had studied Japanese formally or informally. The two groups of partici-
pants were university undergraduates or postgraduates recruited from the Special Education College of Beijing Union
University and Beijing Language and Culture University, respectively. To control for the effect of musical experience on
voice recognition (Xie and Myers, 2015; Patel and Morgan, 2017), all the blind and sighted participants were non-
musicians with the inclusion criterion that they had never received formal musical training within the last 5 years and had
less than 2 years of musical experience prior to that (Wong et al., 2007; Wayland et al., 2010). No one reported having a
history of psychiatric, neurological, or neuropsychological disorders. They all passed a pure tone hearing screening at
25 dB hearing level bilaterally for octave frequencies between 125 and 8000Hz with no significant group differences in the
hearing thresholds at any frequencies [Fs(1, 38)� 0.607, ps � 0.441, partial g2s� 0.016]. A written informed consent was
obtained from each participant in compliance with a protocol approved by the Institutional Review Board (IRB) of Beijing
Language and Culture University.

2.2 Stimulus materials

Stimuli for the voice recognition experiment consisted of recordings of 15 Chinese and 15 Japanese sentences, which were
chosen from a corpus comprising 20 sentences in each of four languages (Chinese, Japanese, English, and Italian) used in
our previous study (Zhao et al., 2008). All the Chinese and Japanese sentences were short news-like declarative statements
that were translated from the original English versions. Therefore, the Chinese and Japanese sentences had similar mean-
ings, and they were matched in number of syllables (15 syllables/sentence on average). Five female native speakers of
Chinese and Japanese with no discernible idiosyncratic speaker characteristics read each of the sentences, respectively.
None of the speakers participated in the following voice recognition experiment. The recordings were made in a sound
attenuated room with a sampling rate of 44.1 kHz at 16 bits/sample. All the sentences were digitally edited to have 50 ms
fade-in and fade-out to guarantee a smooth onset and offset of the stimuli. There was also no significant difference in the
duration of the Chinese [mean¼ 2725ms, standard deviation (SD)¼ 95ms] and Japanese (mean¼ 2624ms, SD¼ 209ms)
sentences [F(1, 28)¼ 2.886, p¼ 0.1, partial g2¼ 0.093]. Two native speakers of each language checked and confirmed natu-
ralness of the selected sentences.
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2.3 Procedure

Participants were blindfolded throughout the experiment and tested individually in a quiet classroom with ambient noise
level below 45 dB(A). The sentences were presented over headphones at 70 dB sound pressure level (SPL) with equal phase
and intensity at both ears. The well-established paradigm, namely the voice identification task that was widely used in pre-
vious research (Perrachione et al., 2011; F€ocker et al., 2012; Xie and Myers, 2015; Pang et al., 2020), was adopted in the
current experiment. The Chinese and Japanese sentences were presented in two separate blocks, which were counterbal-
anced in order across participants and within each listener group. Each language block consisted of three phases, i.e.,
familiarization phase, practice phase, and generalization phase.

During the familiarization phase, each voice was introduced to the listeners with the same five sentences read by
five speakers. On each trial, participants heard one of the sentences followed by a number designating that speaker’s voice
(1, 2, 3, 4, or 5). The numbers were spoken by a male speaker to avoid interference with the target female voices. The par-
ticipants heard the same sentence read by all speakers with two repetitions from each speaker. This procedure was
repeated until listeners heard all five speakers reading all five training sentences. The total number of sentences they heard
was 5 sentences � 2 times � 5 speakers¼ 50 trials. Participants were instructed to associate each number with the corre-
sponding voice.

During the practice phase, participants learned to identify the voices of all speakers with feedback. The same
sentences as used in the familiarization phase were presented, but participants were required to respond by entering the
number corresponding to the speaker on the keyboard. When the response was correct, the participant advanced to the
next trial. When the answer was incorrect, the correct number was indicated. Each of the five trained sentences read by
five speakers was repeated five times, resulting in 5 sentences � 5 times � 5 speakers¼ 125 trials. These trials were pre-
sented in randomized order.

After the practice phrase, the generalization phase followed immediately. Participants were assessed on their abil-
ity to transfer the voice-invariant knowledge to novel sentences. The procedure was the same as in the practice phase
except that no feedback was provided. Participants were asked to identify the voices of 10 novel sentences. Each sentence
read by each speaker was repeated only once, resulting in a total of 50 trials.

After finishing one language block, participants took a short break and then repeated the same task in the other
language block. All the participants were required to fill in a questionnaire on their musical background after they finished
the voice recognition experiment.

3. Results

Accuracy of blind and sighted listeners’ recognition of native and nonnative voices during the generalization phase (refer
to the supplementary material1 for the data) was examined (Fig. 1). A 2� 2 repeated measures analysis of variance
(ANOVA) was first carried out to examine the possible group difference in voice recognition with vision condition (blind
versus sighted) as the between-subject factor and language type (native versus nonnative) as the within-subject factor. The
dependent measure was the percentage of correct responses during the generalization phase (refer to the supplementary
material1 for the SPSS syntax). The main effects of vision condition [F(1, 38)¼ 10.954, p¼ 0.002, partial g2¼ 0.224] and
language type [F(1, 38)¼ 40.632, p < 0.001, partial g2¼ 0.517] were both significant, indicating that blind listeners per-
formed better than sighted listeners and that native voices were better recognized than nonnative voices. More impor-
tantly, the results revealed a significant interaction effect between vision condition and language type [F(1, 38)¼ 5.679,
p¼ 0.022, partial g2¼ 0.13]. Further simple effect analyses revealed that blind listeners performed better than their sighted
counterparts on the recognition of nonnative voices [F(1, 38)¼ 11.005, p¼ 0.002, partial g2¼ 0.225], but not on the recog-
nition of native voices [F(1, 38)¼ 3.001, p¼ 0.091, partial g2¼ 0.073], indicating that the superiority in voice recognition
by blind listeners over sighted listeners was modulated by language condition. However, both groups of listeners

Fig. 1. Percent correct values of voice recognition by the congenitally blind and sighted groups in the generalization phase. ���, significant at p
< 0.001; ��, significant at p < 0.01; ns, not significant. Error bars represent standard deviation across subjects.
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performed better on recognition of native voices than nonnative voices [blind listeners: F(1, 38)¼ 7.965, p¼ 0.008, partial
g2¼ 0.173; sighted listeners: F(1, 38)¼ 38.346, p < 0.001, partial g2¼ 0.502], confirming the language-familiarity effect on
voice recognition in both blind and sighted listeners.

Correlational analyses were then carried out to examine the relationship between the recognition of native and
nonnative voices in the blind and sighted listeners, respectively (Fig. 2). The results revealed that recognition of native and
nonnative voice was significantly correlated in the blind listeners (r¼ 0.551, p¼ 0.012), but not in the sighted listeners
(r¼ 0.166, p¼ 0.483).

4. Discussion

Voice recognition plays an important role in speech communication and social life as a normal-hearing person acquires
detailed knowledge about characteristics of many voices during a lifetime. The ability to discriminate and identify voices
begins in utero and develops rapidly throughout childhood until reaching the mature adult level by 10 years old (Mann
et al., 1979; Hepper et al., 1993; Jusczyk et al., 1993). Similar to the own-race effect on face recognition by which observers
are typically better at recognizing faces from their own race compared with a different racial group (Valentine, 1991;
Meissner and Brigham, 2001), the language-familiarity effect on voice recognition is behaviorally robust across a diverse
range of languages (Goggin et al., 1991; K€oster and Schiller, 1997; Winters et al., 2008; Fleming et al., 2014). While the
previous studies only featured sighted listeners, the present study examined the language-familiarity effect on voice recog-
nition by blind listeners in comparison with sighted listeners.

Our results confirmed, for the first time, the language-familiarity effect in blind listeners, indicating that linguis-
tic representations of native speech contribute to better encoding of voice characteristics in blind listeners as in sighted lis-
teners. Our results further revealed that blind and sighted listeners differed in the extent of the language-familiarity effect
on voice recognition. Specifically, the decreased language-familiarity effect resulted mainly from an increase in the recogni-
tion of nonnative voices, indicating that blind listeners are superior to sighted listeners only in the ability to recognize
nonnative voices. Interestingly, recognition of native and nonnative voices was significantly correlated in blind listeners
but not in sighted listeners, suggesting some common perceptual and/or cognitive factors underlying native and nonnative
voice recognition in blind listeners.

The most salient difference between native and nonnative voice recognition in our study is that both linguistic
and nonlinguistic information is available during native voice recognition, but lexical, syntactic, and semantic information
is inaccessible due to the lack of knowledge of the target language during nonnative voice recognition (Sheffert et al.,
2002; Fleming et al., 2014). The current results, therefore, might reflect the similarities and differences in the use of lin-
guistic and nonlinguistic information by blind and sighted listeners to recognize native and nonnative voices. Specifically,
various types of linguistic and nonlinguistic/indexical information could be used automatically by listeners to recognize
voices, but whether linguistic or nonlinguistic information played the primary role is modulated by both language type
(native versus nonnative) and vision condition (blind versus sighted). In recognizing the nonnative voices, the target sen-
tences were spoken in a foreign language, and key linguistic information such as lexical semantics and syntax was largely
inaccessible other than some preliminary acoustic/phonetic and prosodic processing. Thus, assuming that linguistic knowl-
edge facilitates speaker identification, sighted listeners might suffer from their lack of knowledge of the target foreign lan-
guage. We speculate that blind listeners performed better than sighted listeners possibly because of their superiority over
sighted counterparts in a broad range of voice-related auditory processing skills independent of linguistic processing
(Muchnik et al., 1991; Gougoux et al., 2004; Voss and Zatorre, 2012; Arnaud et al., 2018). When native voices were recog-
nized, sighted and blind listeners were both able to take advantage of their integrated knowledge of linguistic and nonlin-
guistic information for voice recognition, and the role of linguistic information appeared to dominate over that of nonlin-
guistic information. Thus, the two groups exhibited comparable performances.

Fig. 2. Correlations between recognition of native and nonnative voices in the blind and sighted listeners.
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It is noteworthy that Xie and Myers (2015) reported a significant correlation between recognition of native and
nonnative voices in sighted listeners, which is inconsistent with the result of the current study. This inconsistency might
result in part from difference in musical experience of the participants recruited in the two studies. Specifically, partici-
pants in the previous study comprised three groups, including musicians with extensive training, musicians with minimal
training, and non-musicians. Participants in the present study, however, were all non-musicians. Extensive musical training
conferred an advantage for voice recognition in general and enhanced correlation between recognition of native and non-
native voices by sharpening pitch perception ability in a domain-general manner (Xie and Myers, 2015). In the present
study, a further analysis of the sensitivity to which nonlinguistic information drives the advantage in blind listeners during
nonnative voice recognition is beyond our scope, but it is reasonable to assume that enhanced ability of blind listeners in
pitch processing (Gougoux et al., 2004; Arnaud et al., 2018) is one of the underlying mechanisms. Considering that both
congenital blindness and musical experience enhance pitch perception (Gougoux et al., 2004; Wong et al., 2007; Patel,
2011; Arnaud et al., 2018), it merits further investigation whether the two factors affect recognition of native and nonna-
tive voices independently or interactively.

The present study is limited in several aspects. First, the sample size was relatively small with only 20 blind and
20 sighted participants tested. Second, only one task, i.e., voice identification, was adopted, while various tasks (e.g., voice
discrimination and voice memory) were used in previous studies on voice perception (Fleming et al., 2014; Pang et al.,
2020). Various tasks differ in the extent to which lower- and higher-level cognitive processes are recruited. For example,
the voice identification task recruits higher cognitive processes such as attention and memory, whereas the voice discrimi-
nation task mainly involves encoding processes at the perceptual level and does not require sophisticated language skills as
demonstrated in previous infant studies (Johnson et al., 2011; Fetcher and Johnson, 2019). Future studies could further
examine how the superiority of blind listeners in nonnative voice perception may be modulated by task demands.
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