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Speech normalization across speaker, sex and accent variation is handled
similarly by listeners of different language backgrounds
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spoken). Specifically, accent variation initially obstructs
speech comprehension, but after a period of exposure, the
listener adapts to the accented sounds and succeeds at
normalization [12].
Both behavioural and electrophysiological research has
moved towards directly comparing listeners’ handling of
speaker/sex variation and accent variation to better understand
whether these types of variation are handled differently,
potentially with different mechanisms [9, 13, 14]. In one such
study, electroencephalography (EEG) was used to measure
participants’ pre-attentive sensitivity to speaker, sex and
accent variation [13]. Participants elicited larger mismatch
negativity (i.e. the change-detection component of an eventrelated potential) when confronted with sex variation than
when confronted with accent variation [13], which suggests
that listeners are more pre-attentively sensitive to sex changes
than to accent changes [13]. However, during a behavioural
categorization task [9], Australian English (AusE) participants
accurately categorized the Dutch vowels /ɪ/ and /ɛ/ across
speaker and sex variation, but categorization performance
declined when facing an accent or accent and sex change.
Further investigations showed that AusE and Dutch listeners
were able to successfully categorise Northern Dutch vowels /ɪ/
and /ɛ/ when confronted with speaker and sex changes but
neither group were successful at categorising these vowels
when they were produced by a speaker with a Flemish Dutch
accent. This indicates that familiarity with the accent (in the
case of Dutch speakers hearing Flemish-accented vowels) did
not aid accent normalization. Interestingly, when the AusE
participants were provided with feedback on their
categorisation accuracy, they were able to successfully
discriminate the Flemish-accented vowels. These results
support the proposition that speaker and sex normalization
occur automatically, while accent normalization requires
contextualisation (e.g. feedback) [14]. Altogether, these results
suggest that accent normalization and speaker/sex
normalization are handled differently.
Although the aforementioned studies provide strong
indicators towards disentangling the processes behind speech
normalization, so far the primary subjects for these studies
have been L1 English [9, 14] and L1 Dutch [14]. It is possible
that speakers of varying linguistic backgrounds react
differently when perceiving second-language (L2) vowels, as
L1 vowel inventories have a direct impact on the way the L2
vowels are perceived [15, 16, 17]. If L1 experience affects
perception, it may also affect the manner in which listeners
normalize speech variation. Thus, it is possible that subjects
with linguistic backgrounds other than English may perform
differently from English speakers when required to normalize
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1. Introduction
Acoustic variation of phonologically identical sounds occurs
across speakers of different sex, speakers of different accents,
and even across same-sexed speakers of the same accent.
Despite these differences, speakers of all languages are able to
do away with this large variation and successfully
communicate. For instance, listeners can disambiguate,
recognize and discriminate sounds (phonemes, syllables or
words) produced by speakers with different physical or
personal characteristics [1] and learn to discriminate a sound
even when carrying different acoustic properties [1, 2, 3].
Importantly, while acoustic variation across age and sex is
largely attributed to differences in vocal-tract length [4, 5, 6],
accent variation results from differences in speakers’ language
background due to geographical and/or socioeconomic factors
[7, 8]. While accent variation has a sociolinguistic basis,
speaker and sex variation are caused by both physiological and
sociological factors [9]. As speaker and accent variation arise
from different sources, this raises the possibility that listeners
handle these two types of variation differently. Indeed,
research on non-human animals suggests that speaker and sex
normalization may be innate and pre-linguistic [10, 11]. For
instance, Zebra finches exhibited accurate categorization of
vowels produced by novel speakers of the same or different
sex from the one they heard during training [10, 11], even
when they were trained with only a single speaker and thus
had no previous experience with normalizing speech across
speakers [10]. In contrast, normalization of accent variation
seems to require prior exposure to the specific accent or
contextualization (e.g. awareness that a different accent is
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vowels from a non-native language. Currently, few studies
have investigated differences and similarities in how native
and non-native listeners normalize vowels.
The present study examines this hypothesis by directly
comparing normalization of speaker, sex and accent variation
in an unfamiliar language across participants with three
different language backgrounds. We tested bilingual L1
Beijing Mandarin speakers’ (Mandarin-BL) abilities to
categorize the Dutch vowels /ɪ/ and /ɛ/ across speaker, sex
and/or accent variation using a well-established behavioural
Go/No-go categorization paradigm (see Methods) [9, 10, 11,
14]. We compared their performance to previously collected
data from bilingual L1 Australian English (AusE-BL) and
Monolingual Australian English (AusE-ML) speakers [9].
Isolated vowels were used as stimuli because they do not
provide the listeners with contextual feedback (i.e. lexical,
semantic or other) regarding the accuracy of their adaptation
[14]. Complete words and natural speech would provide
additional feedback during adaptation and therefore would
hinder a neutral comparison between accent adaptation and
speaker (and sex) adaptation as the latter seems to occur
without this additional feedback [9, 10, 11, 14].
We tested Mandarin speakers for many reasons. First,
Mandarin is the official language of China [18] and the most
widely spoken language in the world [19]. It is also a L1 for
the third largest group of overseas born Australians [20].
Furthermore, Mandarin is a tone language that differs from
English in vowel inventory size and in its acoustic properties.
While there are discrepancies regarding the number and
classification of Mandarin vowels [15, 20], Mandarin has a
smaller vowel inventory than AusE. For the purposes of this
study we adopt the vowel classification by Zee and Lee [21]
who consider Mandarin to have an inventory of seven
monophthongs, /i, y, a, ə, ɚ,ɤ,u/. The Mandarin vowels are
produced with four different tones, 1st Tone: High-Level, 2nd
Tone: High-Rising, 3rd tone: Low- Dipping and 4th tone:
High-Falling [20, 22, 23], which have the function of
changing meaning [20]. In contrast, AusE has a larger vowel
inventory than Mandarin that includes 12 monophthongs, /iː, ɪ,
e, eː, ɜː, ɐ, ɐː, æ, o, ɔ, ʊ, ʉː/ [17].
The Second Language Linguistic Perception (L2LP)
model posits that learners initially categorize sounds of the L2
to best match their L1 categories [16]. If the L1 contains fewer
categories than the L2, the learner will face a difficult task in
splitting or creating new categories when relying on duration
or/and integrating spectral perception cues [16]. Given that
Mandarin lacks the phonetic vowels /ɪ/ and /ɛ/ in their
inventory, it was hypothesized that Mandarin speakers will
categorize the vowels onto their closest Mandarin category. In
this case Mandarin /i/ will be used to categorize Dutch /ɪ/; and
Mandarin /i/ or /ɚ/ will be used to categorize Dutch /ɛ/. On the
other hand, Australian English (AusE) has the same phonetic
vowel /ɪ/, lacks /ɛ/ but has a similar vowel /e/. Having one
counterpart for each of the vowel stimuli may make this task
easier for the AusE-BL and AusE-ML listeners.
Consequently, if language background affects categorization
and normalization, it is predicted that both AusE groups will
be more accurate than Mandarin listeners at categorizing the
stimuli during a training phase.
In addition, L2 speakers are required to expand or adapt
their L1 vowel inventory to create new mappings in order to
perceive L2 categories [16]. L2 speakers may even activate a
different auditory strategy not common to their L1 (e.g.
relying on duration rather than on spectral cues [24]). With
regard to bilingual AusE speakers (AusE-BL), possessing two

languages could mean that the listeners’ total vowel inventory
size is the sum of the two individual languages, or at least
equal to the language with the larger inventory if it contains a
subset from the language with the smaller inventory. This
situation could give the bilingual participants an advantage
over monolinguals during a categorization task. Therefore, this
study investigates whether L1 Mandarin speakers perform
differently than L1 AusE speakers on normalizing speaker, sex
and accent variation in vowel production and whether
bilingualism or monolingualism has any significant effect on
normalization.
We expect that if participants’ ability to normalize speaker
and sex variation is automatic and is not dependent on
language background, then the three groups will maintain
vowel discrimination performance when presented with a
novel speaker of the same or different sex. Additionally, if
language background does not play a role in accent
normalization either, it is predicted that all three groups will
have lower categorization accuracy when facing accent and
accent+sex variation as they all lack experience with the new
accent. Finally, it may be that the AusE-ML group would
slightly underperform the AusE-BL groups, as bilinguals have
prior experience adapting to new speech sounds.

2. Method
2.1.

Participants

Participants were 30 adults (Mean age = 25.4 years, SD =
7.99, Range = 18-47 years), recruited from an Australian
university and classified according to responses on a language
background questionnaire. The Mandarin-BL group comprised
10 participants (8 females, Mean age = 27.7 years, SD = 6.82,
Range = 22-46 years) who were native speakers of Mandarin
Chinese and fluent in AusE, six of them additionally spoke
another Chinese dialect or language. The AusE-BL group
comprised 10 heterogeneous bilingual participants (4 females,
Mean age = 21.4 years, SD = 6.02, Range = 18-38 years) who
spoke AusE and one of the following languages: Arabic (3),
Vietnamese (2), Egyptian (1), Macedonian (1), Serbian (1),
Thai (1) and Hindi (1). The AusE-ML group comprised 10
native AusE monolinguals (9 females, Mean age = 27.1 years,
SD = 9.83, Range = 19-47 years) who spoke no other
languages. Data from the latter two groups was previously
collected at the same Australian university and reported in [9].
None of the participants had previous experience with Dutch.
2.2.

Stimuli and Procedure

Stimuli were natural isolated Northern and Flemish Dutch
vowels /ɪ/ and /ɛ/, extracted from [s-Vowel-s] consonantal
contexts spoken by male and female speakers [24]. Stimuli
were presented within the Go/No-go task via headphones
attached to a laptop computer running E-Prime (version 2) [9].
For the Go/No-Go behavioural categorization task,
participants were required to respond to one vowel category
(the “Go” vowel) by pressing spacebar within 2000 ms of the
presentation of a stimulus, and to inhibit responses to the other
vowel category (the “No-go” vowel), which required no action
for 2000 ms after hearing a stimulus. Correct responses were
reinforced with a smiley face and a pleasant bell sound, and
participants were rewarded one point for each correct answer.
False alarms and misses were penalized with a presentation of
a sad face and a negative “punch” sound. No points were
awarded for incorrect answers.
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The task had three phases (familiarization, training,
testing). In the first phase (familiarization), easy to
discriminate phonologically distinct words (pon, deet) were
presented in order to familiarise participants with the task
procedure. During the second phase (training), the Dutch
vowels /ɪ/ and /ɛ/ produced by a female with a Northern Dutch
accent were presented and feedback and points were provided.
This phase aimed to train the participants to accurately
categorize the two Dutch vowels. Table 1 describes the
number of trials for each of the phases.

A between-subjects design was employed with each
participant tested in only two of the conditions: i) speaker and
sex (Mandarin-BL = 5, AusE-BL = 5 and AusE-ML = 5) or
ii) accent and accent+sex (Mandarin-BL = 5, AusE-BL = 5
and AusE-ML = 5). The order in which participants
performed each condition was counterbalanced in each
language group.

3. Results
For each participant, a difference score was computed by
subtracting test accuracy (i.e. to trials without feedback) from
training accuracy (% correct). These difference scores were
compared in an ANOVA with speaker-change condition (i.e.
speaker, sex, accent and accent+sex) and language background
as between-subjects factors. This revealed a main effect of
Speaker-change condition, F(3, 48) = 16.77, p <.01, partial ƞ2
= .51. Pairwise comparisons revealed that the accuracy
difference between the test and training phases was greater in
the accent and accent+sex conditions compared to the speaker
and sex conditions, ps < .01, which indicates that listeners in
these conditions performed with relatively lower accuracy
when presented with a novel speaker of a different accent or
accent and sex. There was no difference in accuracy scores
between the speaker and sex conditions, nor between the
accent and accent+gender conditions, ps > .46. There was also
no main effect of language background and no interaction with
speaker-condition, ps > .67 (See Figure 2).

Figure 1: Plot of Dutch vowels /ɪ/ and /ɛ/ used in the
experiment. Vowels produced by a Northern Dutch female
used in the training phase: Black circled. Novel Northern
Dutch Female (speaker change): dotted circle. Northern
Dutch male: Black without circle (sex change). Flemish
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Figure 2. Accuracy difference scores: negative scores indicate
a decrease in accuracy at the test phase (compared to the
training phase).

Familiarization Phase
Pon/Deet: 20 trials

4. Discussion
Results show that listeners from different language
backgrounds who are naive to Dutch vowels and to Northern
Dutch and Flemish accents are able to normalize speaker and
sex variation. When facing speaker or sex variation, the three
groups maintained the same level of accuracy that was evident
with trained vowels. In other words, Mandarin-BL, AusE-BL
and AusE-ML listeners were able to categorize the vowels
with similar accuracy when produced by an unfamiliar
Northern Dutch female and an unfamiliar Northern Dutch
male. Results were different when facing accent and
accent+sex variation. Across all language groups,
categorization accuracy was poor when the vowels were
produced by a female with a Flemish Dutch accent and by a

Training Phase: Female Dutch
60 Trials
With Feedback: Trained: 72 trials
(60%)
Without Feedback: 48 trials (40%):
24
Trained Stimuli
(12 /ɪ/ and 12 /ɛ/)

Sex

-10

Finally, in the third phase (testing), stimuli from training
were presented intermixed with novel tokens of /ɪ/ and /ɛ/
produced by speakers who differed from the original speaker
in the following ways: i) Speaker change (different female
speaker with the same North Holland accent) ii) Sex change
(male with North Holland accent), iii) Accent change
(Female with Flemish accent) and iv) Accent+Sex change
(male with Flemish accent). Figure 1 shows the F1 and F2
values of the stimuli in different conditions. No feedback was
provided for responses to untrained stimuli and to an equal
number of the trained stimuli (see Table 1). Only responses to
the trained and novel stimuli without feedback (24 trials
each) were analysed.

Test Phase
120 trials
(100%)

Speaker

24
Novel Stimuli
(12 /ɪ/ and 12 /ɛ/)

Table 1: Number of trials per phase. 48 trials without feedback
were used for analysis.
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male with Flemish Dutch accent. These results support the
proposition that listeners have an intrinsic ability to normalize
variations in speaker and sex but not accent, which suggests
that listeners may need additional exposure to the accentvaried stimuli in order to categorize it accurately [12,14].
Findings were consistent across the three languages
groups. Predictions that AusE-BL and AusE-ML would
outperform Mandarin-BL listeners’ performance in Speaker
and Sex conditions, due to similarities in vowel inventories
between AusE and Dutch, were not confirmed. Indeed, results
in categorization accuracy of the three language groups do not
show any significant differences. Moreover, Mandarin
listeners were able to categorize Dutch vowels /ɪ/ and /ɛ/
accurately in the training phase. This could have possibly
occurred because the inventory of Mandarin vowels, despite
having only seven phonetic vowels, has four tones variations.
That is, considering that the four tones have different acoustic
properties, this may mean that Mandarin listeners have a
richer acoustic space in their vowel inventory, making them
more sensitive to vowel contrasts than the AusE participants.
Finally, no difference was found between the AusE-BL and
AusE-ML groups. This suggests that our study was not able to
find an effect of bilingualism or linguistic background on the
normalization of isolated vowels, which may be due to the
small number of participants included in each group. Further
research comparing the same three groups with a larger
listener sample should be conducted to confirm the current
findings.
In conclusion, results of the present study support earlier
findings that listeners may use an automatic or innate
mechanism to normalize speaker and sex variation [9, 13, 14].
Further, these results give preliminary evidence suggesting
that the difficulties in normalizing across accent variation may
not have a language-specific basis. Besides including a larger
sample of participants, future research could also investigate
how pre-exposure to an accent affects perception by listeners
of different language backgrounds.
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