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ABSTRACT

Accurately predicting the difficulty of learn-
ing novel sounds based on linguistic expe-
rience is a challenge. This paper explores
the effectiveness of two approaches, the spa-
tial and dimension approaches, in predict-
ing naive perception and production of novel
sounds. The spatial approach measures the
gradient acoustic-phonetic distance, while
the dimension approach leverages discrete
sound constructs. We investigate Mandarin
and Italian speakers’ performance on dis-
crimination and imitation tasks involving the
novel sound [0]. The results show that Man-
darin speakers discriminate [0] better than
Italian speakers, but both groups have similar
performance in imitation. Our findings sug-
gest that the dimension approach is more ef-
fective in capturing early learning difficulty
of novel sounds, and that listeners perform
better when the dimensions used to construct
the novel sounds are contrastive in their na-
tive language.
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1. INTRODUCTION

Cross-linguistic studies revealed that linguis-
tic experience strongly conditions listeners’
perception and production of novel sounds
[1]. Novel sounds have been observed to
range in difficulty for speakers of different
languages. For example, it is well-known
that Japanese speakers have trouble discrim-
inating between English /l/ and /r/ [2], but
Chinese speakers do not [3]. Thus, given

the sound structure of one’s native language,
what predictions can we make about which
novel speech sounds will be hard to perceive
and produce? A large number of studies have
appealed to the notion of ‘similarity’ to an-
swer this question. A novel sound should
cause difficulties when it is similar to exist-
ing L1 sounds [4]. However, how ‘similarity’
between novel sounds and L1 sounds should
be defined is still a matter of debate. This
paper compares two different approaches to
quantifying sound similarity: the spatial ap-
proach and the dimension approach.

The spatial approach, exemplified by the
Speech Learning Model (SLM), defines
similarity between sounds based on their
acoustic-phonetic distance. SLM predicts
that a greater distance between an L2 and
the nearest L1 sound results in easier acqui-
sition of the L2 sound [4]. The SLM makes
the correct predictions for Japanese listen-
ers’ acquisition of the English /l/-/r/ distinc-
tion [5]. While the SLM makes no predic-
tion for naive learners, if the SLM’s predic-
tion holds at the onset of learning, sounds
that are closer in acoustic-phonetic distance
to L1 sounds will be harder to perceive and
produce than those that are further away.

The dimension-based approach quantifies
sound similarity in cross-language percep-
tion by using dimensions to classify sounds.
These dimensions, such as vowel backness
or roundedness, describe how a language
contrasts pairs of phonemes. Distinctive fea-
ture theory [6] shares similar concepts, but
unlike features, dimensions do not aim to
capture a language’s phonological processes.
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These dimensions can be expressed acous-
tically, such as using F3 (e.g. [7]), or ar-
ticulatorily, like lip rounding (e.g. [8]). We
assume that if a dimension is contrastive,
it can be dissociated from other dimensions
and repurposed to build new sounds (cf.
e.g. [3, 9]). Thus, speakers of that language
should be better able to perceive and pro-
duce novel combinations using that dimen-
sion than speakers of a language that does
not use that dimension contrastively.

The two approaches predict naive percep-
tion and production based on different as-
pects of linguistic experience. For example,
Mandarin has three high vowels, /i/, /u/ and
/y/, while Italian only has two, /i/ and /u/.
The phonetic realization of the two periph-
eral vowels is similar in the two languages,
with the only difference being the presence
or absence of front rounded /y/. Suppose that
Mandarin and Italian speakers are presented
with the novel high central rounded vowel
[0]. Which language group will have better
naive perception and production?

Under the spatial approach, the crucial dis-
tance metric for Mandarin is [y]-[0], while
for Italian, it is [u]-[0]. The acoustic distance
in Mandarin is smaller than in Italian, and
thus, Italian speakers, due to the greater dis-
tance between [0] and its nearest L1 sound,
should have better naive perception and pro-
duction than Mandarin speakers. The dimen-
sion approach makes the opposite predic-
tion. Italian does not have contrasts in round-
edness (rounding is bound to the backness
dimension). By contrast, Mandarin speak-
ers have a /y/-/i/ contrast, meaning that the
roundedness dimension is contrastive in this
language. Thus, Mandarin speakers should
have better naive perception and production
of [0] because contrastive roundedness is
available to capture [0].

Our research question is which approach will
be borne out? We use an AX discrimina-
tion task to assess perception and an imi-
tation task to assess production. We use an
ABX identification task to confirm that the

crucial distance metric is different between
Mandarin and Italian, and it can be used to
test the spatial approach’s assumptions.

2. METHODS

2.1. Participants

We recruited 27 Mandarin speakers (mean
age = 22.5, standard deviation = 3.14) and
27 Italian speakers (mean age = 26.2, stan-
dard deviation = 6.60). All participants were
monolingual speakers of either Mandarin or
Italian. None reported any speech or hearing
impairments.
2.2. Stimuli
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Figure 1: The high vowel stimuli.

The stimuli were 60 msec isolated high
vowels on the [i]-[y]-[u] continuum fol-
lowing [10], synthesized in Praat [11].
We first selected four sound steps from
the continuum to represent the categories
of [i], [y], [0], and [u] (see Figure 1). F1
was 300 Hz for all stimuli. F2 values were
manually determined, and F3 values were
automatically calculated using the equation
F3 = 1.4 ∗ (F2− 220) [12]. Two endpoints,
representing [i] (step 18) and [u] (step
1) categories, were selected based on the
estimation of mean values for Mandarin and
Italian prototypical [i] and [u] [13, 14]. We
chose [y] (step 12) based on the judgment
of the first author, a native speaker of
Mandarin, and [0] (step 7) based on the first
recording of [0] on the course webpage [8],
available at https://linguistics.berkeley.edu/
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acip/course/ipachart/vowels.html. Equidis-
tant steps were created to fill in the gaps
between categories for a total of 18 stimuli.
The stimuli and related files are available at
the project page https://osf.io/7k2j8/?view_
only=a26c2961e5cf4d6a99ccf50c23bceee3.
2.3. Procedure

The experiment was performed using an
online experiment service implemented in
jsPsych [15]. Participants accessed the ex-
periment in their own homes and used their
own recording devices and headphones (they
had to pass a headphone test before the main
experiment [16]). They received written in-
structions about the experiment in their na-
tive language, and were required to give re-
sponses by pressing buttons on the keyboard.
Each participant completed three tasks, and
each task contained a practice session.

ABX Task Participants had to decide
whether the last sound they heard (sound
steps between 1 and 12) was the same as
the first ([y] step 12) or the second ([u] step
1) [17]. Participants were tested on 40 trials
using stimuli from the [y]-[0]-[u] range,
with an inter-stimulus interval (ISI) of 1500
msec [18].

AX Task Participants had to determine
whether two stimuli in a trial were the same
or different, with an ISI of 1500 msec.
We tested all possible different sound pairs
within 9 steps (e.g., step 2-10 but not step 2-
11), and 36 same pairs (e.g., step 1-1) for a
total of 144 trials in three blocks.

Imitation Task Participants were instructed
to produce a sound as close as possible to
the presented stimulus. 18 stimuli were pre-
sented 4 times in random order. In each trial,
the stimuli were played twice, with an ISI
of 1500 msec. We used the default sampling
rate of 22.05 kHz during recording.
2.4. Measurements

For the ABX task, we used a logistic mixed-
effect regression to model the response pat-
tern, i.e., to determine if [0] was categorized

as an instance of [y] or [u] [19]. The normal-
ized predictors included continuous VOW-
ELS and categorical LANGUAGE. The model
included random intercepts for participants
with p-values calculated by lmerTest [20].
For the AX task, goodness of sound discrim-
ination was measured as the average accu-
racy of response to a sound pair for each
stimulus across languages. We performed
ANOVA tests to examine the difference in
[0] accuracy across the two languages. For
the imitation task, each imitation sample
was manually measured at the temporal mid-
point to obtain formant values (Hz) in Praat.
Goodness of imitation was measured as the
Euclidean distance between production and
target. Imitation distance was normalized
across participants with the Lobanov method
[21]. We also performed ANOVAs to exam-
ine the difference in imitation in [0] across
the two languages.

3. RESULTS

Due to limited space, we will focus on re-
sults for [0] only. Figure 2 shows GLM fits
to the response data from the ABX task. Step

Figure 2: Vowel categorization

7, [0], is marked with a dashed line. The
model found that participants categorized
the stimuli more often as [y] as the stimuli
shifted from [u] to [y] [β̂=7.154, σ=0.377,
p<0.005] and that Mandarin speakers were
more likely to categorize the stimuli as [y]
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than Italian speakers [β̂=2.058, σ=0.344,
p<0.005]. From the plot we see that [0] is
categorized as [y] more than 50% of the time
for Mandarin speakers and as [u] more than
50% of the time for Italian speakers. The re-
sults confirm that the crucial distance metric
is different for Mandarin and Italian partici-
pants, and that [0] is closer to a native sound
for Mandarin than for Italian listeners.

Figure 3 provides boxplots for the discrim-
ination data from the AX task and imita-
tion accuracy for the two languages. The
ANOVA test showed that Mandarin par-
ticipants have higher discrimination accu-
racy for [0] than Italian participants [F(1,
52)=8.812, p=0.004]. The ANOVA also
found that the two groups of speakers do
not significantly differ from each other [F(1,
192)=0.002, p=0.965] in imitation.

Figure 3: Discrimination and imitation of
[0]

4. DISCUSSION AND CONCLUSION

The goal of the present study was to test
which of the two different approaches to cal-
culating similarity makes correct predictions
for perception and production on first expo-
sure to a non-native sound, [0]. The cate-
gorization results show that Mandarin par-
ticipants tend to categorize [0] as /y/, while
Italian participants tend to categorize it as
/u/. This confirms the assumption that the
crucial distance metric is [u]-[0] for Ital-
ian and [y]-[0] for Mandarin, allowing us to
test the spatial approach (gradient acoustic-
phonetic distance). Mandarin speakers have

higher discrimination accuracy than Italian
speakers, which is not predicted by the spa-
tial approach but supports the dimension ap-
proach. The imitation results do not support
one approach over the other.

Our results suggest that acoustic-phonetic
distance may not be sufficient to explain all
sound similarity problems. On first exposure
to a novel sound, speakers may benefit from
a contrastive dimension in their language to
perceive a novel sound that involves that di-
mension, though this is not guaranteed to fa-
cilitate production. This suggests that speak-
ers learn representations for sounds with dis-
crete parts. Similar ideas can be found in the
dimension-based perceptual interference ac-
count [7] and in the Redeployment Hypothe-
sis (RH) [9]. The RH states that a phonolog-
ical feature [F] can be redeployed from the
L1 grammar to represent a non-native con-
trast by combining with another feature [G]
to form [F, G]. Both the dimension approach
and the RH suggest that success in naive per-
ception depends on speakers’ knowledge of
sound constructs and their ability to reuse
these components of sounds, either dimen-
sions or phonological features.

In conclusion, we have argued that the im-
pact of linguistic experience on perceiving
and producing a novel sound can be charac-
terized as experience in using particular di-
mensions in L1. If the novel sound includes
a contrastive dimension in L1, perceiving a
novel sound combination using that dimen-
sion on first exposure may be less difficult.
Conversely, perceiving it may be more chal-
lenging if the dimension is absent. The im-
itation results are particularly intriguing as
they indicate that neither approach provides
accurate predictions. It is possible that ad-
ditional factors, such as retrieval of incorrect
motor plans, influence the imitation of novel
sounds. Future research should investigate
the underlying reasons for these findings, as
well as the connection between perception
and production.
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