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Abstract: This study looks at the research question of whether or not the phonological per-
ception is asymmetric in a cross-linguistic context. Chinese native speakers and Dutch native
speakers participated in two experiments that evaluated the patterns of perceptual identification
of tone categories and trilled alveolar categories, respectively. To investigate whether or not the
Chinese and the Dutch groups perceive those speech stimuli differently, we looked at the slope
and the category boundaries of the logistic regression curve fitted to the experimental data. The
results showed that Dutch native speakers have sharper category boundaries on trilled alveolar
sounds than those of Chinese native speakers. However, there was no significant between-group
difference in identifying tone categories. In conclusion, we observed the asymmetric pattern that
is shaped by native language experience only in trilled alveolar sounds categorization but not in
tone categories identification. The possible reason is that the Dutch participants may have been
exposed to the intonation changes through their native language experience, while the Chinese
native speakers have no language experience with trilled sounds at all.

1 Introduction

It is well known that people’s native language or
language experience can affect many aspects of vo-
cal perception. A study by van der Bij et al. (2017)
indicated that participants from different language
backgrounds had a significant difference in their
perception of word stress. In their study, they se-
lected a meaningless vocal ”tatata”, and by chang-
ing the three features (pitch, duration, intensity)
of the syllables, the participants were asked to de-
cide which syllable ”ta” tends to be the stress in
their perception. The results show that partici-
pants whose native language is Singapore English
are more tend to locate the stress on the syllable
with a longer duration and higher intensity. Man-
darin Chinese subjects are more likely to notice
the changes in pitch and duration of syllables. One
possible reason why Mandarin native speakers are
more sensitive to pitch changes is that Mandarin
Chinese is a tonal language. The change of pitch
plays a significant role in the tonal language (Mc-
Cawley, 1978). In tonal language, in addition to
syllables, pitch changes can also be used to express

some information (also called tonal information).
Mandarin Chinese is a typical tone language, but
English and Dutch are not.

How pitch changes over time in a speech sound
is shown as the F0 contours (Chao & Chao, 1968).
There are four tones in Mandarin Chinese, with
each of them has a distinct F0 pattern, namely
Tone 1 (horizontal), Tone 2 (rises moderately),
Tone 3 (falling-then-rising), and Tone 4 (falling
sharply)(Tseng, 1981). Different tones can give dif-
ferent meanings to the same syllable. For example,
the vowel /i/ with Tone 1 means the number one
( 一 ). While with Tone 2 means movement ( 移 ),
means ant (蚁 ) with Tone 3, and means pandemic
(疫 ) with Tone 4. If people want to perceive a tonal
language correctly, they must possess a categorical
perception of the tones. Therefore, the categorical
perception of tones in Mandarin is necessary for ev-
ery person who is able to perceive Mandarin Chi-
nese. As a result, the topic related to the categorical
perception of tone has been widely investigated.

There are various factors that affect people’s clas-
sification and recognition of tones. According to
Wang et al. (2017)’s research, the elderly have sig-
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nificantly different perception thresholds for the
changing of tones than young people. Age reduces
the capability of native Chinese speakers to per-
ceive the changes in pitch contours. According to
another research (Tillmann et al., 2011), congeni-
tal amusia also affects patients’ ability to perceive
and learn tonal information. But among so many
factors, the most crucial one is a person’s lan-
guage experience. There is a lot of evidence to sug-
gest that native Chinese speakers perform better
than native speakers of other non-tonal languages
in the categorical perception of tones. Wu & Lin
(2008) ’s research showed that English speakers’
perception of tones was not categorical between
Tone 1 and Tone 4. Lee et al. (1996) ’s research
showed that Cantonese (also a tonal language with
five tones) speakers were better at classifying Can-
tonese tones than speakers of Mandarin and En-
glish. When it came to classifying Mandarin tones,
native Mandarin speakers performed the best, fol-
lowed by Cantonese speakers, and English speakers
were the worst.
All these results showed that a person is bet-

ter at classifying tones in their native languages.
However, most of these previous studies collected
data through an experimental paradigm method
called the AX (same/different) discrimination test
(Rogers, 2017). In this paradigm, two sounds are
played and subjects are asked to judge whether the
tones of the played sounds are the same, and then
the accuracy or error rate of subjects’ responses
was calculated to evaluate their ability to perceive
the tones categorically. However, this kind of ac-
curacy or error rate is just a simple representation
of the categorical perception. According to Hallé
et al. (2004) ’s research, Chinese native subjects
have a quasi-categorical perception of tone, and
they can clearly distinguish the tone contours of
two sounds. But tone perception of French speak-
ers is psychophysically based. It was shown that
most of the French speakers in the study could
not actually distinguish the tones but had a cer-
tain sensitivity to the tones and could realize that
the two sounds are a little bit different. Thus, it can
be inferred that there may be sophisticated differ-
ences between native and non-native tone percep-
tion and even between any native and non-native
phonetic perception. In order to reveal the differ-
ences in more detail, we have to employ a fine-
grained experimental paradigm and apply it to par-

ticipants from different language backgrounds. The
AXB (forced-choice) identification test has been
widely used to measure the threshold of categor-
ical perception(Rogers, 2017). Compared with ac-
curacy and error rate, the threshold is more likely
to represent the features of categorical perception
and the sensitivity of the category boundary. The
threshold, namely the category boundary, can be
estimated by fitting responses to a continuum of
speech stimuli to a sigmoid function. This is a more
finely-grained method compared with AX because
it demonstrates changes in the perceptual identifi-
cation of two categories.

Although it looks clear that a language user has
a more clear-cut categorical perception of native
speech sounds (Wu & Lin, 2008; Lee et al., 1996;
Hallé et al., 2004), whether people from different
native language backgrounds have significantly dif-
ferent category boundaries for changes in native
and non-native speech sounds is still a meaning-
ful question which is worth discussing. Investigat-
ing native speakers’ advantage in perceiving native
sounds against a cross-linguistic context can draw
a fuller picture for understanding the pattern of
native versus non-native phonological perception.
So, the research question of this paper is: Is there
any difference between native and non-native lan-
guage speakers when perceiving native and non-
native speech sounds?

To answer this question in a cross-linguistic con-
text, we conducted two experiments with the same
procedures using Dutch and Mandarin materials,
respectively. We chose to use the alveolar trill as
the experimental material for the Dutch experi-
ment as the cross-linguistic comparison of the tone
in Mandarin. Dutch is a non-tonal language. But
the alveolar trill is ubiquitous in Dutch and does
not exist in Mandarin or even English. Alveolar
trill is produced by holding the tongue near the
alveolar ridge. When the tip of the tongue gets the
contact with the alveolar ridge, the flowing of air
will cause it to vibrate repeatedly(Kummer, 2001).
Typically, for Dutch people, this kind of trill is
straightforward to recognize. The results of the two
experiments will demonstrate how native Mandarin
speakers and Dutch speakers differ in their sensitiv-
ity to perceiving alveolar trills and pitch contours
of lexical tones.
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2 Method

2.1 Subject

There are a total of 42 subjects participating in
this experiment. 20 of them are native speakers of
Mandarin Chinese and the rest of them are na-
tive speakers of Dutch. All Chinese subjects and
10 Dutch subjects are recruited from the Univer-
sity of Groningen (RUG). The rest 12 Dutch sub-
jects are recruited from Prolistic, which is an on-
line psychology experiment platform. We applied
a T-test on the data of online subjects and offline
Dutch subjects. The result shows that there is no
significant difference between these 2 groups (p =
0.204). None of them reported a history of hear-
ing damage, neurological illness or injury. All sub-
jects were asked via a questionnaire about how long
they living in the Netherlands, their proficiency in
Dutch and Mandarin, the frequency of exposure to
Mandarin and Dutch in their daily lives, whether
they had any experience with learning any musi-
cal instruments or vocal music, and how often they
practised in the last half year. All of the native
Chinese subjects use English as their second lan-
guage. In their daily life, the frequency they get
in touch with Chinese through various channels is
65% and the rest of the time they use English. Only
30% of native Chinese speakers have a fundamental
knowledge of Dutch. In addition, almost all native
Dutch speakers speak Dutch and English and have
no knowledge of Mandarin.

2.2 Stimuli

2.2.1 A continuum of Mandarin tones

From the four tones in Mandarin, we choose to use
the rising Tone 2 and the falling Tone 4 as the ex-
perimental stimuli. Since Mandarin tones contrast
from each other in pitch contour (Tseng, 1981), we
generated the stimuli by manipulating the pitch of
the speech sounds. The stimulus to be manipulated
is a vowel /i/ recorded by the experimenter with
a duration of 0.5s. The frequency of the speech
was first adjusted to 150 Hz (the pitch of a nor-
mal male voice) by PRAAT to ensure that there
was no pitch change in the speech at this point.
Then, we maintained the pitch at 150hz for the
first 0.1 seconds and changed the pitch from 150hz
to 200hz (rising tone) and 150hz to 100hz (falling

Figure 2.1: The continuum of Tone stimuli con-
sists of 21 tokens.

tone) at the endpoint. Maintaining 0.1 seconds of
150hz is to make the sound more like real Mandarin
pronunciation. Now, two standard raising tone and
falling tone speeches are generated. Afterwards, we
constructed a continuum by generating 21 tokens
ranging in equal steps from the rising tone to the
falling tone. Within the continuum, each token was
slightly different from the other ones in frequency.
The resulting stimuli all had the same onset pitch
frequency (i.e., 150 Hz) and differed in offset fre-
quency only.

2.2.2 A continuum of Dutch alveolar con-
sonants

The second experiment is about precepting the
trills in Dutch, where the independent variable was
the extent of the trill present in the speech. The
stimuli used in this experiment were Dutch sounds
/ri/ and /li/ in the male voice. They were gener-
ated via Voicebooking (Stemmenbureau voicebook-
ing in Amsterdam, 2022). The consonant /r/ in
/ri/ is an alveolar consonant with a trill, while the
/l/ in /li/ is an alveolar consonant without a trill.
A morphing function in Tandem STRIGHT (Kawa-
hara, 2014) was used to generate a continuum of 21
steps between /ri/ and /li/. By inspecting formant
contours for the two sounds in Praat, we observed
a difference in the third format (F3), starting from
the onset of the speech sounds (0 ms) till approx-
imately the end of the consonants (90 ms). This
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difference may account for the distinction between
the alveolar with and without trill sound. We put
4 anchors in the duration span from 0 ms to 90
ms to align the acoustic properties of constants in
the temporal and frequency domains. Another 3 an-
chors were also used for aligning the vowel part to
make each stimulus in the continuum sound natu-
ral.

2.3 Procedure

The experiment was conducted in The Alice lab at
the University of Groningen, a professional lab of
cognitive research. The experimental procedure was
made by OpenSesame. First, there is an interface
showing the experiment’s instructions. The text on
this page told they were going to hear some speech
sounds, with each sound played only once. After a
sound was played, subjects were told to make a de-
cision between two choices to indicate the speech
sound belonged to which category (i.e., In Dutch,
either /li/ or /ri/. In Chinese, either a rising tone
or a falling tone). The speech-playing interface pre-
sented two arrows, which told subjects where the
responding keys were, together with the label text
of the two categories. For example, in a trial where
a Dutch speech sound was played, subjects saw a
left arrow labelled with the text “Q, /li/” and a
right arrow with “P, /ri/”. The key press here was
counterbalanced across the stimuli type. At the be-
ginning of each trial, there was a one-second buffer
phase, and a cross shape appeared on the screen to
remind subjects to stay focused.
As the “Stimuli” part describes, we had Dutch

and Chinese materials. The two languages were pre-
sented in separate blocks. The procedure of both
blocks was identical to what we described above.
The block order was counterbalanced as well.
Each block has a total of 15 rounds. Each round

with 21 trails corresponding to the 21 different con-
tinua, and each continuum will play once and in
random order in a round. Before the formal experi-
ment, there are 3 practice trials to help the subject
be familiar with this experiment. The experimental
programs were run on a Mac mini and were pre-
sented on a Benq XL2420-B monitor. Responses
were recorded by keyboard input, and the audio
files were played through a Sennheiser HD201 head-
set. Participants who are native Chinese speakers
were presented with the interface and instruction

in Chinese. Meanwhile, native Dutch participants
used the Dutch version. This is for ensuring that the
subjects were primed with their native languages.

2.4 Statistical analysis

We first fit a Logistic regression for each subject’s
data in Python and took the slope of the regres-
sion curve and the categorical boundary as the de-
pendent variables. The category boundary is the
threshold of the subject’s perception between two
speech sounds. In another word, the point at which
the probability of classifying a speech stimulus as
one category is equal to the probability of the other
category. The slope of the logistic regression curve
at the categorical boundary represents the clarity
or sharpness of the threshold. The larger the slope,
the clearer the threshold, and vice versa. The for-
mula for this logistic regression is as follows:

y = 1/(1 + exp(b ∗ (x− c)))

In this formula, where y refers to the fraction of
responses that identified a tone as a falling tone or
an alveolar sound as trilled, and x is the proportion
of the falling tone or the alveolar trill in a stimu-
lus. c gives the stimulus parameter corresponding
to 50% of the psychometric function (i.e., the cat-
egorical boundary) and b determines the slope of
the logistic regression curve.

When analyzing the b and c values of all partic-
ipants, we used the LME (Linear Mixed Effects)
model(J. C. Pinheiro & Bates, 2000) from the R
package NLME(J. Pinheiro et al., 2023). LME is a
statistical method to analyze data. Compare with
other methods, it is a type of mixed-effects model
that allows for both fixed and random effects. It is
useful for analyzing data that has a nested struc-
ture, such as repeated measures or hierarchical
data. In the present study, we constructed an LME
model that has the language of stimulus (Alveo-
lar trill, Tone) and group (Dutch, Chinese) as the
fixed effects and a by-subject random intercept. For
analysing the interaction effect between all the vari-
ables in this experiment, we chose a multiple com-
parisons method called Tukey.
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Figure 3.1: Visualization of raw data and fitted
curve from No.15 native Dutch speaker on alve-
olar and tone classification task

3 Result & Discussion

Figure 3.1 respectively shows the data from a na-
tive Dutch speaker on alveolar and tone classifica-
tion. The blue data points indicate the proportion
of responses that classify a stimulus as an alveolar
trill or with a falling tone, and the orange curves
are the logistic regression curve generated by fitting
these data points. The b-value (curve slope) and c-
value (category boundary) of each subject can be
obtained by taking the parameters of these logis-
tic regression curves. According to the above two
figures, it can be seen that the category boundary
for both alveolar trills and tones is about 0.5, but
the clarity of the category boundary (slope of the
curve) on alveolar trills is obviously higher than
that on tone.

Figure 3.2 shows the data averaged by all sub-
jects. There are a total of four experimental con-
ditions (1) native Dutch speakers identifying tone

Figure 3.2: Visualization of raw data and fitted
curve for the four experimental conditions.

stimuli (light purple line), (2) native Chinese speak-
ers identifying tone stimuli (dark purple line), (3)
native Dutch speakers identifying alveolar stimuli
(orange line), (4) native Chinese speakers identify-
ing alveolar stimuli (yellow line). The average value
of each data point of each condition was calculated.

We modeled the data using the LME model to
find the statistical differences on b-values and c-
values. The formula we used is:

Perceptual Slope(b) or Category Boundary(c) ∼
Language ∗Group+ (Language|Participants)

Language in this formula is the within-subject
variable, which is the material that the subject
listened to in the experiment, tones, and alveolar
trills.Group is the between-subject factor, referring
to the native language of the subjects, Dutch native
speakers and Chinese native speakers. As for the
random effect structure, we have the Participants,
which refers to the sequence of subjects, and the
random slope of Language on Participants. The
model was fit on either Perceptual Slope(b) or
CategoryBoundary(c).
The results show that there is no significant dif-

ference in the b-value between Dutch and Chinese
native speakers (β = -0.2092898, SE = 0.12313158,
t = -1.69972, p = 0.0978). But there is a signifi-
cant difference in the c-value (β = 0.0317941, SE =
0.014054334, t = 2.26223, p = 0.0298). This means
there is a group difference in thresholds of percep-
tion of tones and alveolar trills between Dutch na-
tive speakers and Chinese native speakers, but not
for the clarity of the threshold.
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Afterwards, the Tukey method was used to per-
form multiple comparisons on both the c-value and
the b-value data. The results showed that the b-
values of Chinese native speakers and Dutch na-
tive speakers were significantly different in classi-
fying alveolar trills (β = 0.5510, SE = 0.1861, z
= 2.961, p= 0.01621 ), while there is no significant
between-group difference in classifying tones (β =
-0.4101, SE = 0.1861, z = -2.204, p = 0.12204).
On the other hand, in the results derived from the
c-value, neither tone classification(β = -0.037507,
SE = 0.021493, z = -1.745 p = 0.300) nor alveolar
trills classification (β = -0.024085, SE = 0.021493,
z = -1.121, p= 0.677) showed a significant between-
group difference. This means that the subjects from
different native language backgrounds only have
significant differences in the clarity of the category
boundary when classifying alveolar trills. But the
values of category boundary of perceiving alveo-
lar trills and tones do not differ between native
and non-native language speakers. Figure 3.3 is the
Box-plot of the four different experimental condi-
tions, it shows the direction of the differences in-
dicated by the positive or negative β values in the
results of the c-value, and can be inferred that Chi-
nese native speakers have a lower threshold for ris-
ing tones and are more likely identify alveolar trills
as not trilled, while Dutch speakers tend to classify
the stimuli as falling tones and trilled.
Regarding the potential reason why our Dutch

participants did not differ from Chinese speakers
in tone classification, it could be that Dutch na-
tive speakers have been exposed to many changes
in tones in their daily life. For example, when there
are changes in emotion, people’s voices will become
higher when they are excited or angry, and lower
when they are depressed. In addition, the change
of tone is actually the change of pitch contours,
and the change of pitch generally exists in music or
songs. Moreover, a study has found that the Dutch
nuclear pitch accent is very similar to Tone 2 and
Tone 4 in Mandarin (Chen et al., 2015). Even if
Dutch native speakers have never learned the ris-
ing and falling tones in Mandarin, they have actu-
ally been exposed to quite a lot of changes of tone
in their daily life and have some language expe-
rience with such changes. As a result, the perfor-
mance of Dutch native speakers in the classification
of tones is similar to Chinese native speakers. How-
ever, although there is no statistically significant

Figure 3.3: Box-plot of the four different exper-
imental conditions. The red box is the group
with a significant difference.

difference, it can be seen from β = -0.4101 that the
Dutch native speakers have slightly shallower slopes
than the Chinese native speakers when classifying
tones.

In addition, there have been studies on tone
perception showing that native Mandarin Chinese
speakers have significant differences in many as-
pects when perceiving tones compared to non-
native speakers (Wu & Lin, 2008; Lee et al., 1996;
Hallé et al., 2004). For the stimuli in these ex-
periments, tones were given to some meaningful
Chinese words. In the experiments using words as
stimuli, native Chinese speakers were more likely
to recognize the stimuli as a part of meaningful
language, while non-native Chinese speakers recog-
nized them as meaningless voice sounds. However,
in the present study, the chosen tone stimulus /i/
was described as a nonsense syllable according to
our experimental instruction. As a result, both na-
tive Chinese and Dutch speakers only recognized
the stimulus in our experiment as a nonsense mono-
syllable, not a meaningful part of the language. The
fact that no meaning was attached to our stim-
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uli may reduce the mother tongue effect between
native speakers and non-native speakers. This can
explain why in our experiments, the participants
showed no significant difference in identifying the
tone continuum.

The possible reason why Chinese native speak-
ers have a significant difference in the clarity of
category boundary from Dutch native speakers is
that there are no trilled speech sounds in Man-
darin Chinese. To produce the alveolar trill speak-
ers should have a good amount of muscle control of
the tongue so that there could be multiple contacts
between the tongue and the alveolar ridge. Most
Chinese native speakers basically feel difficult to
articulate that. This difficulty in production may
lead to the insensitivity of Chinese native speakers
to trill changes. In terms of the category bound-
ary (the c-value) of perceiving alveolar trills, β =
-0.031773 it can also be seen that Chinese native
speakers are less likely to categorize the stimuli as
trilled than Dutch native speakers.

4 Further Research & Conclu-
sions

The major finding of the present study was that the
significant difference between Dutch and Chinese
native speakers was only in the sharpness of the
category boundary of classifying the alveolar trilled
stimuli. Chinese native speakers showed lower sen-
sitivity to alveolar trills than Dutch native speak-
ers. According to some Chinese participants who
shared their thoughts with us after the experiment,
there was actually a development in how the alve-
olar trills sound to them. At the beginning of the
experiment, it was difficult for them to distinguish
between the trilled sounds and the untrilled ones,
and after several rounds, the differences between
the two categories became easier for them to catch.
Therefore, in order to illustrate the potential de-
velopment in the sharpness of the category bound-
ary described by our Chinese participants, we con-
ducted a further but preliminary analysis. First, the
data of all Chinese native subjects were grouped by
the order of experiment rounds. Recall that we had
15 rounds in each block. That is saying, we grouped
the data from Chinese participants in the alveolar
trill block into 15 subsets. We then averaged the

Figure 4.1: The Average logistic regression
curve of all Chinese subjects when they perceive
alveolar trill in round 1 and round 15.

data across participants in each subset and fit them
to the logistic regression function. This way, we are
able to see the changes in data along rounds. It can
be seen from Figure 4.1 that the data in round 1 did
not fit the function well. The fitted curve shows a
very shallow slope. However, in round 15, the curve
stretched out with a sharper slope.

Most Chinese native speakers have never pro-
duced or noticeably perceive the sound of alveolar
trill in their daily life. It was difficult for them to
classify such sounds at the beginning. Interestingly,
the changes in the round-by-round analysis indicate
that our participants were learning to identify these
sounds within the experiment. In the present the-
sis, we did not go further to reveal more evidence
of this fast learning process. But it is worthwhile to
look at how statistically significant the round-by-
round progress is. This can be a very good direction
for further research.

To summarise this research on the asymmetry
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in cross-linguistic phonological perception, we de-
signed an experiment to answer our research ques-
tions that were there any differences between na-
tive and non-native language speakers when per-
ceiving native and non-native Speech sounds? We
chose Tone in Mandarin as the experimental con-
dition and Alveolar trill in Dutch as the control
condition. We were interested in seeing whether or
not there were significant differences between Chi-
nese and Dutch speakers in the category bound-
ary and its sharpness in identifying Mandarin tones
and Dutch trills. The results showed that partici-
pants from different native language backgrounds
only have significant differences in the sharpness
of the category boundary when classifying alveolar
trills. Such difference was not shown when it comes
to tone categorizing. There are many reasons that
can explain our findings. For example, Dutch native
speakers could be exposed to prosodic sounds that
are similar to tones in their daily life, while it is rare
for native Chinese speakers to be exposed to alveo-
lar trill sounds. In addition, the tone stimuli in the
continuum were derived from a monosyllable, and
they were described as non-meaningful syllables in
the present experiments. So, such a design may also
lead to the loss of the native language management
effect in tone categorization.
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