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1. INTRODUCTION
Since prosodic information is often crucial in communicative functions such as signaling new

vs. given information, being able to understand and use prosody in a given language is important 
in successful communication. Studies of second language (L2) prosody have uncovered various 
ways in which non-native patterns differ from native speaker norms, such as the use of pitch, 
intensity, and duration cues and the magnitude and location of pitch/intensity rises and falls (e.g., 
Chen et al. 2001, Chen et al. 2015, Kao et al. 2016). The goal of the present study is to compare 
the production of English contrastive focus by native speakers of English, an intonation language, 
and Mandarin, a language in which the primary function of pitch is to signal lexical contrasts.  
 Contrastive focus in English is most commonly realized as association of a pitch peak 
(generally analyzed as a L+H* pitch accent, Pierrehumbert & Hirschberg 1990), with the stressed 
syllable of the focused element, which is also realized with increased intensity and duration. In 
Mandarin, prosodic realization of contrast is constrained by the necessity to preserve lexical tones, 
and therefore the use of acoustic cues varies depending on the tonal context (e.g., Xu 1999, Chen 
2010, Ouyang & Kaiser 2015, Wang et al. to appear). Since English speakers presumably have 
greater freedom than Mandarin speakers to use pitch in signaling information structure, we 
expected that speakers whose first language (L1) is Mandarin might show less reliance on pitch 
than native speakers of English in producing contrastive focus in English. However, using an 
interactive task used to elicit sentences involving contrastive focus from native English speakers 
and from Mandarin speakers living in the US, we found that in some contexts, the Mandarin 
speakers actually adhered more closely to canonical English focus pitch patterns than did the native 
speakers. We argue that the English speakers’ deviations from textbook focus prosody reflect an 
innovative but increasingly common sentence intonation associated with marked declination in 
pitch, often accompanied by vocal fry, toward the ends of phrases (Wolk et al. 2012, Abdelli-
Beruh 2014), and that this intonation melody is antithetical to realization of a pitch peak on phrase-
final focused elements. 

2. METHODS
A. MATERIALS AND PROCEDURES

Participants completed an interactive task in which they guided the experimenter to decorate a
whiteboard based on pictures on a computer screen that was visible only to the participant. The 
participant could not see the experimenter’s whiteboard until the task had been completed. To set 
the context for the task, participants first read the following paragraph aloud to the experimenter: 

Andy and Mindy are twins. They are getting ready to go off to college. Their mom 
bought a lot of new things for them to take: towels, blankets, mittens, sweaters, and 
a dorm refrigerator. Everything their mom bought is very plain, so they want to 
decorate their new things. First, Andy wants to decorate both blankets. Pick up the 
whiteboards with pictures of blankets. Now you are going to help Andy decorate 
the blankets with items from the basket. I will tell you which items to use. You can’t 
look at my screen, and I can’t look at your whiteboards, but we can ask questions. 
At the end, if you have followed instructions correctly, we will both get candy. Are 
you ready? 

 Participants then gave instructions based on the slides on their screens. The first slide 
introduced a set of three objects for the experimenter to place on the table (e.g., Pick up a yellow 
diamond, an orange diamond, and a navy diamond from the basket, Fig. 1). The following slide 
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then demonstrated placement of two of these three objects on the whiteboard, eliciting an 
instruction containing two adjective-noun combinations. Participants were asked to follow a 
specific format in their instructions, illustrated by Andy wants the yellow diamond on his towel 
and the orange diamond on Mindy’s towel. In this example, the target phrase orange diamond was 
expected to be realized with contrastive focus on the adjective orange, which contrasts with the 
color of the previously mentioned object (the yellow diamond), as well as with the other remaining 
object on the table (the navy diamond). Each adjective and each noun in the target phrase was a 
bisyllabic trochee containing only voiced segments (adjectives: orange/navy/yellow; nouns: 
arrow/diamond/oval).  

Figure 1. Example slides for production task. 

 Each participant produced 33 target phrases: 12 in the ADJ-focus condition, in which the 
adjective was contrastive (e.g., Andy wants the yellow diamond on his towel and the orange 
diamond on Mindy’s towel); another 12 in the NOUN-focus condition, in which the noun was 
contrastive (e.g., Andy wants the yellow diamond on his towel and the yellow arrow on Mindy’s 
towel); and the remaining 9 in the neutral condition, in which neither the adjective nor noun was 
contrastive (e.g., Please show me the yellow arrow). Sessions took place in the Phonetics Lab at 
Stony Brook University, and participants’ productions were recorded throughout the task using a 
Zoom H6 digital recorder and a SM10A-CN dynamic headworn microphone.  

B. PARTICIPANTS

Two groups of speakers participated in the experiment: 21 native speakers of English (ES; 15
females, 6 males; mean age = 19.9 yrs) and 26 native speakers of Mandarin (MS; 12 females, 14 
males; mean age = 25.5 yrs). All participants completed a short questionnaire about their language 
background. ES participants were undergraduate students at Stony Brook University who reported 
English as their native language. MS participants were graduate students at the same university 
who reported Mandarin as their first language. At the time of their participation, the MS had been 
living in the US for 19.7 months on average (range: 10-34  months). All MS participants took the 
Versant English Speaking Test (Pearson Education 2010); their average score was 58.7 out of 80 
(range: 42-72).  

C. ACOUSTIC MEASUREMENTS

The experiment yielded recordings of 1551 target phrases (47 participants * 33 phrases). Forty-
two phrases were excluded due to production errors. The remaining 1509 phrases were hand-
segmented in Praat (Boersma & Weenink 2019), as shown in Fig. 2. After the segmentation, three 
acoustic measurements associated with focus realization were obtained: F0, intensity, and duration. 
F0 contours were extracted using pYAAPT (available at http://bjbschmitt.github.io/AMFMd 
ecompy/pYAAPT.html.), a ported version for Python from YAAPT (Yet Another Algorithm for 
Pitch Tracking) which was originally written as Matlab functions (Zahorian & Hu 2008). The 
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minimal and maximal F0 boundaries were estimated automatically and visually for each speaker 
in order to optimize the individual parameter. Computed F0 contours were then time-normalized. 
Time-normalized intensity contours were extracted and the duration of each syllable was measured 
using ProsodyPro, a Praat script for prosodic analysis (Xu 2013). The domain of time-
normalization was a syllable divided into 10 points. Thus, point 1 in each syllable corresponds to 
1/10 of the syllable. Trials in the neutral condition were excluded from further analyses. Raw 
values of F0, intensity and duration were converted to z-scores within speaker for statistical 
analyses and data visualization.  

Figure 2. Example of a segmented target phrase. 

3. RESULTS

A. PITCH
We first compared the average F0 contours of the two groups for the target phrases. One

difference between the two groups appeared in the overall F0 range, which was wider for the 
Mandarin speakers than for the English speakers, with steeper rises and falls for MS productions. 
This difference is expected given the Mandarin L1 pattern of F0 range expansion associated with 
focus (Xu 1999, Chen & Braun 2006, Chen & Gussenhoven 2008, Ouyang & Kaiser 2015).  

A second difference between the groups, involving the relationship between F0 peak and 
location of focus, was more surprising. In general, the Mandarin speakers exhibited the expected 
pitch peak on the focused word in both ADJ-focus and NOUN-focus conditions, consistent with 
descriptions of English focus as involving association of L+H* pitch accent with the focused 
element. In contrast, English speakers showed the expected pitch peak on a focused adjective, but 
not on a focused noun (Fig. 3 Left). Fig. 3 Right compares the magnitude and direction of change 
in F0 given the presence/absence of contrastive focus, computed by subtracting the maximum F0 
value of the noun from the adjective maximum F0 in each phrase. Positive values in these variables 
indicate higher F0 in the adjective than in the noun, as expected for ADJ-focus, while negative 
values indicate higher F0 in the noun, expected for NOUN-focus conditions. Both groups showed 
the expected positive values for ADJ-focus, but only the Mandarin speakers had the expected 
negative value for the NOUN-focus condition – the English speakers actually had higher pitch on 
the pre-focus adjective than on the focused noun.  
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Figure 3. Average normalized F0 contour on normalized time (left) and average max F0 
change from adjective to noun (right).  Error bars represent 95% confidence intervals. y-axis 

indicate normalized F0 in z-score. 

 The unexpected failure of the English speakers to consistently use F0 to signal noun focus 
motivated further investigation of the use of other cues, as well as of inter- and intra-speaker 
variability in cue use.   

B. INTENSITY RESULTS
While there was a noticeable difference between the two language groups in the use of pitch

in the noun-focus condition, there was no significant group difference in the use of intensity across 
focus conditions. Comparing the maximum intensity of the two syllables within the focused word, 
both Mandarin and English speakers exhibited a similar high intensity on the stressed syllable, 
followed by a drop in intensity (Fig. 4 Left). Subtracting the maximum intensity of the noun from 
the maximum intensity of the adjective, both groups showed the expected positive values (intensity 
decrease) from the focused adjective to the post-focus noun as well as the expected negative values 
(intensity increase) from the pre-focus adjective to the focused noun (Fig. 4 Right). Thus, both 
language groups were consistent in realizing focused elements with increased intensity in both 
ADJ-focus and NOUN-focus conditions. This result is somewhat surprising given the finding of 
Ouyang & Kaiser (2015: 68) that in their Mandarin speakers’ productions, “intensity cues only 
appear for corrective focus, not for new-information focus.” 
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Figure 4. Average normalized intensity contour on normalized time (left) and average 
maximum intensity change from adjective to noun (right). Error bars represent 95% 

confidence intervals. y-axis indicate normalized intensity in z-score. 

Thus far we have focused on the group averages for use of F0 and intensity cues to focus.  
However, the F0 contours of the English speakers in particular showed a good deal of variation 
(both intra- and inter-speaker). Fig. 5 illustrates the average F0 target phrase contours for two 
English speakers, one showing a peak on the focused word, and the other lacking a peak on a 
focused noun. 

 
Figure 5. Averaged F0 contour of two English speakers: canonical NOUN-focus intonation 

(left) and a non-canonical NOUN-focus pattern (right). Error bars represent 95% confidence 
intervals. 

 Variation in the use of conventional pitch contours was found even within speakers, as 
illustrated by Fig. 6 showing two NOUN-focus tokens produced by a single English speaker. 
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Figure 6. F0 contour of two tokens from a single English speaker: canonical NOUN-focus 
intonation (left: yellow OVAL) and non-canonical NOUN-focus intonation (right: yellow 

ARROW).  
  Noting the English speakers’ inconsistency in the use of pitch to signal NOUN-focus, we 

considered the interplay of the use of pitch and intensity cues in individual tokens. Fig. 7 arranges 
tokens according to cue use, computed as the difference between focused and unfocused words 
within the target noun phrase in max F0 (x axis) and max intensity (y axis). Positive values reflect 
the canonical use of the cues (i.e., higher F0 and intensity in focused words than in unfocused 
words). The upper right quadrants of Fig. 7 contain tokens in which the focused word has both 
higher F0 and higher intensity; the upper left and lower right quadrants contain tokens with only 
one focus cue, and tokens in the lower left quadrant lack canonical use of either cue. Consistent 
with the group averages, the English data show a clear difference in the use of F0 for ADJ-focus 
vs. NOUN-focus tokens, while the Mandarin data show far greater overlap between the tokens 
from the two focus conditions.    

 
Figure 7. Use of pitch and intensity cues: maximum intensity difference (Focused - Unfocused 

word) and maximum F0 difference (Focused - Unfocused word). 
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C. DURATION RESULTS   
 An additional cue to English focus is duration, and group differences emerged in use of this 
cue as well – though again, only in the NOUN-focus condition. While for pitch, it was the English 
speakers who departed from the canonical pattern, for duration it was the Mandarin speakers who 
failed to use this cue to mark the focused noun. Despite phrase-specific variances in duration, both 
English and Mandarin speakers, on average, produced longer adjectives than nouns when the 
adjective was focused, showing positive values in Fig. 8 Right. For NOUN-focus, however, while 
the focused noun was longer than the adjective for English speakers (negative values in Fig. 8 
Right), the nonfocused adjectives were still longer than the focused nouns in the Mandarin 
productions.  

 
Figure 8. Normalized word duration boxplot with points representing means and horizontal lines 

representing medians (left); average duration change from adjective to noun with error bars 
representing 95% confidence intervals (right). The upper and lower end of the whisker in the box plot 

represent the highest and lowest values in 1.5 * IQR respectively. 

D. STATISTICAL ANALYSES 
We analyzed the three acoustic measurements with generalized linear mixed-effects models, 

using the lmer4 package (Bates et al. 2015) in R (R Core Team 2016). Models were fitted for each 
dependent variable (max F0/intensity in adjective minus max F0/intensity in noun and adjective 
duration minus noun duration) with language group (English vs. Mandarin) and focus position 
(ADJ vs. NOUN) as fixed effects. For the random effect structure, by-participant and by-item 
random intercepts, by-participant and by-item random slopes for the effect of focus position and 
by-item random slopes for the effect of language group were included. The predictors were 
dummy-coded, and the reference level in all models was ADJ-focus and English speakers. If a 
model failed to converge, we simplified the model by removing random effect terms and adopted 
the one with the maximal random effect structure that converged. The p-values were calculated 
using the lmerTest package (Kuznetsova et al. 2016). Conditional R2 variance, the variance 
explained by fixed and random factors, was obtained using the MuMIn R package (Johnson 2014).  
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Table 1. Linear mixed-effects models for max F0 change, max intensity change and duration 
change from adjective to noun. 

 
 
 The results of the models confirm that Mandarin and English speakers used F0 and duration 
cues differently when the noun was focused, as the coefficient of the interaction term (Focus 
position*Language group) in Models 1 and 3 was significant. In contrast, the two groups did not 
differ in their use of intensity cues – both groups had higher intensity in focused words than in 
unfocused words, whether the words were adjectives or nouns. Model 1 also shows that in the 
ADJ-focus condition, the Mandarin speakers had a significantly larger F0 fall from adjective to 
noun than the English speakers, confirming the observation that Mandarin speakers used a wider 
range of F0.  

4. DISCUSSION & CONCLUSION 
 The present study compared L1 Mandarin and L1 English speakers’ use of prosodic cues in 
the production of English contrastive focus. While both language groups exhibited similar use of 
prosodic cues when the adjective was focused, the two groups differed in their use of duration and 
pitch in the NOUN-focus condition. The direction of difference in the use of pitch cues was 
unexpected: it was actually the non-native speakers who adhered most closely to the textbook 
descriptions of English focus prosody, with a pitch peak on the focused element in both ADJ-focus 
and NOUN-focus conditions. In contrast, the English speakers frequently relied on intensity and 
duration to signal noun focus. Closer examination of individual productions revealed that many of 
the L1-English speakers’ productions exhibited creakiness, especially towards the end of the target 
phrase (the position of the focused noun). Their productions reflect an innovative intonation 
pattern noted among younger speakers of American English, in which vocal fry increases toward 
final position (Yuasa 2010, Wolk et al. 2012, Abdelli-Beruh et al. 2014). While young speakers’ 
use of creakiness and vocal fry has been much discussed in recent literature, our study is the first 
to uncover how this new intonation pattern might influence focus intonation. We assume that the 
steady declination of pitch in this innovative pattern is antithetical to the realization of a pitch peak 
on a focused element at the end of the phrase, so for the users of this innovative pattern, non-pitch 
cues are primary markers for the NOUN-focus condition. Since more than 90 percent of our L1-
Mandarin participants had taken at least one semester of English instruction since arriving in the 
US, and since the importance of suprasegmentals has been increasingly emphasized in second 
language instruction, the use of the more conservative standard pattern by Mandarin speakers most 
likely reflects explicit instruction in contrastive intonation prosody. 

Abstracting away from the differences between ADJ-focus and NOUN-focus, our study 
revealed that while English speakers were able to use increased pitch, duration, and intensity to 
signal focus, the Mandarin speakers seemed to rely on pitch and intensity rather than duration. The 
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Mandarin speakers’ ability to use pitch cues to signal focus is perhaps related to the fact that 
expansion of the pitch range of a lexical tone contour is a feature of focus realization in Mandarin 
(e.g., Xu 1999, Chen & Braun 2006, Chen & Gussenhoven 2008, Lee et al. 2015, Ouyang & Kaiser 
2015, Wang et al. to appear). The Mandarin speakers’ failure to reliably use duration to signal 
focus is less expected, since expanded duration has been argued to be associated with focus in 
Mandarin (Xu 1999, Chen & Braun 2006, Chen & Gussenhoven 2008, Lee et al. 2015, Ouyang & 
Kaiser 2015), though the importance of duration relative to pitch-related factors depends on the 
lexical tone (Wang et al. to appear). The absence of a duration effect in our study may reflect the 
fact that in NOUN-focus instructions (where the adjective was repeated but the noun was 
contrastive), some Mandarin speakers showed a tendency to elongate the adjective, presumably 
while planning for production of the non-repeated noun. However, a similar difference between 
native and L1-Mandarin use of duration in focus was found in earlier studies as well. Chen et al. 
(2001) found that while L1-Mandarin speakers were able to manipulate F0 to mark English 
sentence stress, they produced focused words with shorter durations than did English speakers. 
Similarly, Chen et al. (2015) found that L1-Mandarin college freshmen showed a slightly lower 
duration increase in focused elements than either native English speakers or L1-Mandarin college 
seniors, suggesting that the use of duration to signal focus became more English-like with 
increased exposure to English. Both Chen et al. (2001) and Chen et al. (2015) reported English-
like use of intensity for their Mandarin speakers’ productions of sentence stress, consistent with 
our findings. This use of intensity is somewhat surprising, given that studies of focus realization 
in Mandarin show little or no reliance on intensity; Ouyang and Kaiser (2015) report that “intensity 
cues only appear for corrective focus, not for new-information focus” and Wang et al. (to appear) 
report that in their study of corrective focus, “Intensity did not play a role” except when the focused 
word was Tone 3. However, since intensity and F0 tend to be correlated in the realization of lexical 
tones in Mandarin (Whalen & Xu 1992), it may simply be that Mandarin speakers view the 
increase in intensity as an automatic correlate of the increased pitch of the English contrastive 
focus rather than an independently manipulable cue to focus.  

One general finding of our study is that comparisons of native and non-native speech often 
take an idealized native standard as the baseline for comparison, designating any deviation from 
this standard by non-native speakers as a reflection of incomplete acquisition. In our study, we 
found that the non-native speakers’ productions actually adhered more closely to this idealized 
canonical version of English, while native speakers showed a considerable range of variation in 
the realization of focus.  
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