Mandarin and English Adults’ Cue-weighting of Lexical Stress
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Abstract

Listeners segment speech based on the rhythm of their native
language(s) (e.g., stress- vs. syllable-timed, tone vs. non-tone)
[1,2]. In English, the perception of speech rhythm relies on
analyzing auditory cues pertinent to lexical stress, including
pitch, duration and intensity [3]. Focusing on cross-linguistic
impact on English lexical stress cue processing, the present
study aims to explore English stress cue-weighting by
Mandarin-speaking adults (with English adults as control),
using an MMN multi-feature paradigm.

Preliminary ERP data revealed cross-linguistic perceptual
differences to pitch and duration cues, but not to intensity cues
in the bisyllabic non-word /dede/. Specifically, while English
adults were similarly sensitive to pitch change at the initial
and final syllable of the non-word, they were more sensitive to
the duration change at the initial syllable. Comparatively,
Mandarin adults were similarly sensitive to duration change at
each position, but more sensitive to pitch at the final syllable.
Lastly, both the Mandarin group and the English group were
more sensitive to the intensity sound change at the second

syllable. Possible explanations for these findings are discussed.

Index Terms: stress perception, cue weighting, event-related
potentials, multi-feature paradigm, Mandarin adults

1. Introduction

Speech rhythm exists at different prosodic hierarchical levels
[4-6]. For stress-timed languages, speech rhythm can be
perceived through lexical stress at the word level [7]. Lexical
stress is signaled by cues such as pitch, intensity and duration
[3]. While listeners use lexical stress to segment/group
information, the extent to which they rely on these cues is
dependent on the rhythmic nature of their native language(s)
(e.g., stress- vs. syllable-timed) [1,2]. Moreover, iambic-
trochaic law (ITL) [8] — a domain-general law of sound
grouping — posits that sounds varying in pitch or intensity are
grouped trochaically, while those varying in duration are
grouped iambically [9]. Studies examining language-specific
vs. ITL influence have been largely conducted with European
languages, and mixed results have emerged over the past
decades in retesting ITL using differing stimuli and methods,
in differing language groups as well as at different
developmental stages (see [10]). Thus, the mechanism
underlying the perceptual weighting of these cues in speech is
not yet fully understood, especially in tone language speakers.

This study examined ITL vs language-specific influence in
speech cue-weighting in Mandarin adults and English adults’
weighting of pitch, intensity and duration cues. We focused on
the cross-lingual effect of Mandarin on English cue-weighting,
due to the multi-faceted linguistic constraints of Mandarin.
Firstly, a behavioural study using a forced-choice paradigm
reported that native English speakers use pitch (FO) duration
and intensity in English stress perception of bisyllabic non-
words, but only FO was found to be a decisive cue for stress
perception in Mandarin learners of English. The author
suggests that the Mandarin listeners are ‘deaf” to duration and
intensity contrasts [11]. This finding was also replicated in
other studies using similar behavioural paradigms [12,13].
Secondly, acoustic analysis has revealed that Mandarin can be
classified as a syllable-timed language [14], and Taiwan
Mandarin has no stress at the word level [15]. These studies
lead to the hypothesis that although (Taiwan) Mandarin adults
are sensitive to pitch cues, they do not have a preference in
terms of syllable positions when processing stress. Third, there
is no consistent evidence that Taiwan Mandarin has a trochaic
or iambic speech pattern at the word level, compared to
English which is a trochaic language [16]. Studies looking at
Mandarin speakers’ stress perception from a neural point of
view have been scarce. In an electroencephalograpy (EEG)
study, [17] found that English adults track intensity for non-
word pair ‘‘nocTICity” and ‘‘NOCticity” better than Mandarin
speakers learning English as a second language. This evidence
contrasts with another EEG study, which found that Cantonese
(syllable-timed and tonal) school children who were learning
English had larger mismatch negativity (MMN) responses to
stress cues compared to English monolingual children using a
real word pair MOther and toDay [18].

To expand the neural evidence of the cross-linguistic
effect of Mandarin on English in terms of cue-weighting with
better controlled stimuli, this study used a symmetrical
bisyllabic non-word /dede/ and adopted an MMN multi-
feature paradigm, as used in [18]. The MMN response, as an
automatic neural change-detection response and a component
of event-related potentials (ERPs), has been used to
investigate short and long-term memory traces and
discrimination accuracy of speech sounds (for a review, see
[19]). Accurate stimulus discrimination is associated with
large MMN amplitudes and inaccurate discrimination with
small ones [20]. In optimizing the recording procedure, [21]
developed a faster paradigm, the so-called multi-feature
paradigm (Optimum-1), to facilitate multiple-deviant
discrimination, compared to the traditional oddball paradigm
where only one deviant is included for one recording session.



According to the previous research (mainly behavioural),
we expect cross-linguistic differences in duration cue
perception, such that native English (stress-timed) speakers
have significantly different MMN amplitudes across syllable
positions to duration changes, whereas Mandarin (syllable-
timed) speakers have a lack of difference in MMN amplitudes.

2. Methods

2.1. Participants

The current sample consisted of Mandarin adult listeners (N =
10) recruited from National Taiwan University and Australian
English listeners (N = 9) recruited from Western Sydney
University. According to the Language Experience and
Proficiency Questionnaire (LEAP-Q) [22] completed, all
Mandarin adults had L2 English classes in school but were not
fluent in English and had never lived in an English-speaking
country at the time of testing. While their main language
exposure was to Mandarin, some of these adults were also
exposed to a spoken Chinese dialect (Fujian = 2, Taiwanese =
3). Their exposure to the dialect ranged from zero to 30% as
measured by the LEAP-Q. All English adult participants were
monolingual, although some (N = 2) of their parents speak
another language other than English (Egyptian). None of the
adult participants were musicians or reported receiving music
training.

2.2. Stimuli

In order to ensure that there would be no lexicality effect in
the MMN paradigm (e.g., [23]), we selected a stimulus that
was not a word in either English or Mandarin Chinese. The
single syllable /de/ with a neutral pitch contour was produced
by a monolingual Australian English female speaker and
recorded using Adobe Audition in a sound-proof booth in
MARCS Institute Phonetics Lab. The syllable was then
repeated to form a bisyllabic non-word (in both English and
Mandarin) /dede/ with duration of 380ms, intensity = 65dB,
and of FO at 190Hz; this bisyllabic nonword served as the
‘standard’ stimulus in the MMN paradigm. This allowed us to
control the acoustic features between the first and the second
syllable. Stress deviants were manipulated in Praat software
[24] with pitch, intensity and duration changes at either initial
or final syllable position (see Table 1), with pitch deviant 10%
higher FO0, intensity deviant 6 dB louder, and duration deviant
33% longer than the standard.

Table 1: Manipulation of Deviants

Pitch Duration  Intensity
Initial [~dede] [de:de] ['dede]
Final [de~de] [dede:] [de'de]

2.3. Experimental Design and Procedure

2.3.1. EEG paradigm

An MMN multi-feature paradigm was used to facilitate
recording among multiple speech stress cue-weighting stimuli.
During the experimental session, the standard sounds were

alternating with each of the six randomized deviants (in the
oddball block). A control block consisting of the six deviants
was also included, with each of the six deviants repeating for
100 trials and the presenting order of the six deviants
randomised. The standard/deviant probability ratio was
50%/50% [21]. There were 1800 stimuli in total, with 600
deviants for the control block, 600 standards and 600 deviants
for the oddball block. The stimuli were presented with an
inter-stimulus interval of 500ms at a constant intensity of
65dB SPL. The total duration of the experiment was 30
minutes.

2.3.2. EEG Recording

Participants were seated in a sound-attenuated room ~ 0.5 m
from a Genelec 8010A speaker where the sound stimuli were
played. While listening to the stimuli presented through
Presentation software (Neurobehavioral Systems, Inc.),
participants were fitted with a 32-channel EEG cap (ActiCAP
Slim, Brain Products) attached with gel and electrodes. The
continuous EEG signal was recorded at a sampling rate of
500Hz with the reference electrode at FCz. Electrode
impedances were kept below 50kQ at the start of the
recording. Participants’ EEG was recorded using LiveAmp
amplifier and BrainVision Recorder. To maintain engagement
during the study, a movie was played silently on a screen next
to the speaker with subtitles in their native language.

2.3.3. EEG Analysis

The EEG was analysed using Fieldtrip Toolbox [25] in
MATLAB 2019a firstly and then band-pass filtered between
0.1-30Hz and divided into epochs between -100 and 800ms
relative to sound onsets. Epochs were then baseline corrected
between -100 and Oms. The EEG was then subjected to
Independent Component Analysis. Components with
stereotypical features of eye blinks and eye movements were
removed from the EEG. The EEG signal was then re-
referenced to the average of the mastoids. Trials exceeding +
100pV were removed and then averaged separately for deviant
and control to obtain the ERP waves. Difference waves were
computed by subtracting the ERP for the control stimulus
from the deviant stimulus. In this way, ERPs to physically
identical stimuli were compared for the calculation of MMN
responses, as it reflects the brain response to a change as
opposed to ERP effects due to physical differences between
standard and deviant [26]. Individual ERP waves were
averaged to create grand-averaged ERPs.

2.3.4. Statistical Analysis

The presence of an MMN response was tested using
nonparametric cluster-based permutation statistics [26]. First,
a series of t-tests were computed at each electrode and each
time point, comparing the deviant and control waveforms.
From this, clusters were formed by combining the sampling
points where a significant effect was obtained (p < .05, two-
tailed) based on temporal and spatial adjacency and polarity of
the effect. Cluster-level statistics were then calculated by
adding together all the t values within the cluster. To control
for Type I errors, a permutation approach was used where the
condition labels were randomly swapped, and the t-tests were
repeated 2000 times to generate a data-driven null hypothesis
distribution. The cluster-level statistics from the first step was
considered significant if it fell in the top 2.5 or bottom 2.5
percentile of the distribution.



3. Results

The control, deviant and deviant-control difference waves for
the two language groups are shown in Figures 1 and 2. The
difference waves showed negative peaks between 0 - 500ms
for cue position at the first syllable and between 200 - 700ms
for cue position at the second syllable for both language
groups. These responses were confirmed by the cluster-based
permutation tests. Since the latency and scalp location
matched the expected MMN response latencies (100 - 300ms
after the onset of sound change) and location (frontocentral),
these responses were classified as MMN responses. This paper
will not discuss positive and negative peaks outside of the
MMN latency ranges as it is beyond the scope of this paper.
Table 2 shows the results of the analysis.

Table 2: Results of the cluster-based permutation

statistics
Group rl?;;)ee C;;l’s;sr Wf:lrgsw
(ms)

Pitchl + 174 - 228
Pitch2 + 356 - 444

Intensityl N/A
English Intensity2 4 336 - 406
Duration] 4 394 - 458

Duration2 N/A
Pitchl + 162 - 266
Pitch2 + 350 - 454

Intensityl N/A
Mandarin Intensity2 + 356 - 396
Durationl + 430 - 494
Duration2 + 390 - 452

According to the results of the cluster permutation test (as
shown in Table 2), whereas English adults had significant
MMN responses to the intensity at the second syllable (12), the
duration at the first syllable position (D1), and both positions
for pitch cues (P1 and P2), Mandarin adults had significant
MMN responses to all conditions except for 12. When the
same cue change was significant at both syllable positions, the
significant MMN amplitudes at the two syllabic positions
were compared using paired t-tests. Here, the MMN amplitude
values were calculated by averaging 40ms around the negative
peak of the waves, from five electrodes in the frontocentral
region (Fz, FC1, Cz, FC2 and FCz). We found that Mandarin
adults showed a significantly larger MMN amplitude to P2
compared to the P1, ¢ (9) = 4.740, p < .0001, whereas
amplitude to D2 was not significantly larger than the
amplitude to D1, ¢ (9) = .685, p = .510. For English adults, the
average amplitude to Pl was not significantly different
compared to P2, ¢ (8) = 1.633, p=.154.

In short, the results showed that Mandarin adults are more
sensitive to acoustic changes in pitch and intensity at the
second syllable position, and similarly sensitive to acoustic

change in duration at the initial syllable position and at the
final syllable position. Comparatively, English adults showed
more sensitivity to a duration acoustic change at the initial
syllable position and showed similar sensitivity to pitch in
both syllable positions. Interestingly, both language groups
show more sensitivity to intensity change at the second
syllable.
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Figure 1: Control, deviant, and difference waves at
frontocentral electrodes in English-speaking adults.
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Figure 2: Control, deviant, and difference waves at
frontocentral electrodes in Mandarin-speaking adults.

4. Discussion

To examine the cross-linguistic impact of Mandarin on
English lexical stress perception, sensitivity to stress cues at
the first syllable position and the second syllable position was
measured using an MMN multi-feature paradigm in Mandarin-
speaking adults and English-speaking adults. Preliminary ERP



data have revealed cross-linguistic perceptual differences to
pitch and duration cues, but not to intensity cues in the
bisyllabic non-word /dede/.

English-speaking adults had significant MMN responses
to pitch deviants at both syllabic positions. However, these
were not significantly different from each other, suggesting
comparable sensitivity to this cue across the two syllables. We
hypothesize that although pitch incremental change, or pitch
leap, is not essential for stress discrimination for their native
language, the cue itself is a perceptually salient one. This is in
line with behavioural findings showing that non-tone language
speakers are sensitive to lexical tones though they perceive
them in a psycho-acoustic fashion [28, 29]. Moreover, English
listeners were more sensitive to the duration sound change at
the first syllable, and more sensitive to the intensity sound
change at the second syllable. As MMN responses typically
represent the brain response to violations of auditory memory
traces stored in the brain [19], native English speakers were
likely using the iambic-trochaic law to group bisyllabic speech
sounds as short-long and strong-weak in duration and intensity
cues, respectively [30]. Thus, when deviants were against this
usual perceptual pattern, significant MMN responses were
elicited.

For Mandarin-speaking adults, significant MMN
responses were elicited to duration cues at both syllable
positions with similar MMN amplitude values, indicating
comparable sensitivity to this cue in the two syllable positions.
These speak to evidences that Mandarin is a syllable-timed
language [14], and Taiwan Mandarin has few durational
contrasts at the word level [15]. Significant MMN responses
were also elicited to pitch cues at both syllabic positions
(although with different amplitude values across syllables). It
seems that Mandarin speakers over-relied on pitch cues for
English stress perception [11-13], due to the fact that pitch
changes are lexical in Mandarin and elicit stronger responses
than non-lexical prosodic cues. Mandarin adults were also
more sensitive to pitch and intensity cues at the second
syllable position, with significant MMN responses to pitch
cues at both positions and intensity cues at the second syllable
position. It is possible that Mandarin adults were grouping
pitch and intensity cues following the ITL like their English-
speaking peers, indicating a domain-general use for the ITL.
Alternatively, as the sample of Mandarin adults also had some
level of English experience, it is not impossible that their
responses to the examined cues were somewhat acquired from
or influenced by English experience.

Another possibility is that the MMN amplitudes are
representative of the main structure of the language. It could
be that there are more low-high tone occurrences in Mandarin
[31], and pitch and intensity are part of this feature [32]. Thus,
the listeners collapsed pitch/intensity cues into low-high tone
occurrences. Some previous studies also found that adult
MMN responses to stress cue changes are representative of the
main pattern of the native language. For example, [17] found
that English adults had larger MMN responses to pitch and
intensity cues of English lexical stress, and neurally tracked
the stimuli sound envelope better than the Mandarin group.
Therefore, to disentangle nature from nurture and novelty vs.
familiarity effect, it would be useful to examine the questions
in monolingual groups of the two languages respectively at a
younger age.

5. Conclusions

The present study shows that the cross-linguistic perceptual
differences to English lexical stress cues between native
Mandarin-speaking and native English-speaking adults are
characterized of both the rhythmic nature of their languages
and ITL. In particular, this is driven by their different
perceptual patterns to duration and pitch cues. Importantly, we
found that the perceptual pattern to a duration sound change
was different to that of pitch and intensity cues in Mandarin
adults, a result not seen in previous research designs. While
these preliminary results do not compare the language groups’
responses to each other or compare absolute monolingual
English speakers to absolute monolingual Mandarin speakers,
future work should aim to compare responses across
languages and specific age groups to further clarify the role of
cues in stress perception.
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