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English second language learners often experience difficulties in producing native-like English lexical stress. It is unknown which acoustic correlates, such as fundamental frequency (F0), duration, and intensity, are the most problematic for Chinese dialect speakers. The present study investigated the prosodic transfer effects of first language (L1) regional dialects on the production of English stress contrasts. Native English speakers (N = 20) and Chinese learners (N = 60) with different dialect backgrounds (Beijing, Changsha, and Guangzhou dialects) produced the same stimulus including both trochaic and iambic patterns. Results showed that (a) all participants produced the stressed syllable with greater values of F0, duration, and intensity; (b) Native speakers of English employed an exquisite combination of F0, duration, and intensity, while the dialect groups transfer their native prosody into their production of English lexical stress, resulting in the deviation or abnormality of acoustic cues. Results suggest that L1 native dialect background is considered as a potentially influential factor which may transfer in L2 speech encoding and decoding process.
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INTRODUCTION

English is very important in speech communication. First language (L1) typological factors have been reported as determining, to a degree, the production and perception success rate for second language (L2) stress (Altmann, 2006). Trubetzkoy (1958) claimed that L2 perception is “filtered” by the L1 “sieve.” The effects of such filtering on production are most apparent when a L2 speaker is perceived as showing a foreign, or non-native, accent, which is largely detectable due to L1 transfer. Prior research has revealed that L2 learners of non-stress languages, such as Chinese, may not process stress as a native does (Wang, 2008; Zhang et al., 2008; Qin et al., 2017). L1 lexical tone sensitivity, for L1 language speakers, such as Cantonese, for L2 speakers, or even children, might contribute either directly or indirectly to L2 English lexical stress sensitivity (Choi et al., 2017).

Contrastive Analysis Hypothesis (CAH; Lado, 1957) proposes that similarities and differences between L1 and L2 may result in positive and negative transfers. The “tendency to transfer is especially powerful in second language acquisition” (Major, 2001). Transfer can occur in several linguistic dimensions, including the lexical, syntactic, and phonological domains (Major, 2001). Phonologically, L1 interference may occur at segmental and suprasegmental levels (Shen, 1990). L1 prosody significantly influences L2 acquisition. The Stress Typology Model (STM; Vogel, 2000; Altmann, 2006) predicted that for production, a setting of “stress language” (e.g., English) parameter in the typological hierarchy branching would lead to a more native-like L2 stress placement, otherwise will cause disadvantages for non-stress languages (e.g., Chinese) speakers (Altmann, 2006).

Cross-linguistic research on English lexical stress acquisition has been an issue of great interest since the 1950s (Fry, 1955; Lieberman, 1959; Altmann, 2006). Despite myriad studies have been carried out in this field over the past decades. Most findings are generally regarded on behalf of speakers’ L1 as a whole. L1 dialect effect has been neglected. Recent research has begun to address this neglect, suggesting that second language acquisition research should attend to L1 dialect influence. O’brien and Smith (2010) noted that one shortcoming of the prior research on L2 acquisition has been that researcher in phonetics has highly presumed the levels of homogeneity of participants and ignored the influence of different dialects.

Grabe (2002) has argued that phonological research may be hampered if actual speech variability was not fully investigated. Altmann (2006) has claimed that it was necessary to design special experiments to explore more subtle differences existing in learners’ L1 dialects in stress production and perception. According to Bai (2001), Chinese speaker utterances of English may be affected by various L1 dialect factors, such as syntax, semantics, phonology, stylistics, and stratification. In addition to the impact of Putonghua (Mandarin), L2 speakers’ L1 accent tends to have an influence on the production of L2 tone and intonation features.

Previous work on English stress has proved that Mandarin and English speakers show different preferences in using prosodic cues in both stress production (Chen et al., 2001; Zhang et al., 2008) and perception (Wang, 2008; Zhang and Francis, 2010). Most of the research has focused on comparing the performance of Chinese learners and Native English speakers. Those results generally treated Mandarin speakers as represent Chinese speakers as a whole. Nevertheless, learners’ dialect background was overlooked or obscured.

Relatively few studies have attended to the interplay of the acoustic correlates of English lexical stress by Chinese learners of English, especially from the perspective of diverse dialects, which have largely been neglected. How L1 dialect specific prosody gets transferred to English stress acquisition, lexical stress in particular, merits more extensive study. The present study is intended to address this gap by examining the possible L1 dialect effects on the production of English lexical stress by speakers with different L1 dialect backgrounds.


Acoustic Correlates of English Stress

English lexical stress primarily involves an emphasis on individual syllables in a polysyllabic word (Archibald, 1993). It is usually manifested by fundamental frequency (F0), duration, and intensity (Fry, 1955, 1958; Lehiste, 1970). Stressed syllables are usually produced with relatively higher F0, greater intensity, and longer duration compared to unstressed syllables (Goffman and Malin, 1999).

There has been a lack of consensus on the hierarchy of the acoustic correlates of lexical stress in English. Fry (1955, 1958) conducted a series of classic research to explore the influence of the acoustic correlates in English stress perception tasks by native speakers. Fry (1955) found that “when the stress was shifted from the first to the second syllable the most marked variations took place in the relative duration and intensity of the ‘vowel’ portions of the speech wave, while other parts of the wave remained remarkably constant in these respects.” Vowel duration and intensity were found to be most correlated with perceived stress. Fry (1958) investigated the influence on stress placement when duration, intensity, and F0 were manipulated. Results showed changes of vowel duration ratio influenced the listeners’ stress judgments. Intensity ratio also shows a similar effect but it did not cause a complete shift of stress judgment. F0 shows an all-or-none effect, and “the magnitude of frequency change seems to be relatively unimportant while the fact that a frequency change has taken place is all-important” (Fry, 1958, p. 151). Lieberman (1959) demonstrated different findings. He agreed with Fry (1958)‘s finding that F0 is the most relevant cue, but he found that intensity plays a more important role than duration.

Bolinger (1965) considered that in English stress, duration is an “auxiliary and residual cue” and intensity is “negligible both as a determinative and as a qualitative factor.” Lehiste (1970) also concluded that F0 plays a very important role in English stress and intensity is a weak cue. Compared to stressed syllables, English monophthongs were reported to be 50% shorter in unstressed syllables (Crystal and House, 1988). Sluijter and Van Heuven (1996) found that duration plays the most important role, while “F0 and overall intensity have little or no cue-value.” Tong et al. (2015) considered that spectral balance is the most robust cue of English stress. Although researchers disagree on the weight of acoustic correlates of English stress, they all agree that stress is “not a single mechanism” and consists of three main cues (F0, duration, and intensity; Wang, 2008).

Evidence to date suggests that L2 learners are adept at using acoustic correlates in L2 if the same correlates are actively used in L1. Ueyama (2000) reported that beginning-level L2 speakers tended to import active L1 prosodic characteristics (e.g., F0 in Japanese) to L2 learning, and they learned to control the inactive acoustic cue (e.g., duration in Japanese) in the L1 system. Nguyen and Ingram (2005) found that the active role of L1 tonal cues (F0 and intensity in Vietnamese) facilitated producing English lexical stress (F0, intensity). In their study, beginners failed to encode the inactive cue (duration), but the advanced speakers could produce native-like duration contrasts. However, Keyworth (2015) argued that native-like command is attainable through increased study or L2 input. Failure to properly produce these cues may contribute to a foreign accent.



Acoustic Correlates of Chinese Dialects

Languages can be classified into stressed-timed or syllable-timed (Pike, 1945). English is a typical stressed-timed language. Chinese is usually labeled as syllable-timed. Miller (1984) proposed a compromise classification that there exists a continuum between syllable- and stress-timing. Xu (2008) agreed with Miller’s proposal and rated Chinese rhythms as ranging from stress-timed (e.g., Beijing dialect) to syllable-timed (e.g., Cantonese) from north to south.

Altmann (2006, p. 45) described that “duration is the primary cue for stress” in English. In a non-stress language, such as Mandarin Chinese, “we do not observe the combination of pitch, duration and intensity referred to previously as the manifestation of (word) stress. Instead, pitch alone typically provides crucial word level contrasts.” Altmann (2006, p. 46).

Chinese is classified into seven major dialect groups: Mandarin, Wu, Gan, Xiang, Min, Kejia (Hakka), and Yue (Cantonese; Yuan, 1989). This study selected Beijing (Beijing Mandarin), Changsha (Changsha Xiang), and Guangzhou (Guangzhou Cantonese) dialect speakers to test whether dialectal differences existed in producing English lexical stress compared to American English (AE) speakers.

The three main acoustic correlates of Chinese tones were F0, duration, and intensity. Acoustic cues of tones in Chinese are not as controversial as in English stress. However, the weight of acoustic cues is different. F0 is the most important acoustic parameter of Chinese tone (Howie and Howie, 1976; Lin, 1988; Fu and Zeng, 2000). Lin (1988) conducted an experiment with synthesized speech, and he proved that F0 was the primary cue for tone. He found that any variation in duration or intensity would not affect the tone perception under the circumstance of changing F0 contour into a constant F0. Besides, both F0 height and F0 contour were proved to play important roles in tone perception. Mandarin speakers were found to rely more on F0 contour (Gandour, 1984).

The neutral tone in Beijing and Changsha dialects occurs at the final position of a word and is produced in a light and short way. The syllable-timing of Cantonese was much stronger than Mandarin, since Cantonese has a simple syllable structure without lexical stress and phonological vowel reduction (Mok, 2009). All Cantonese syllables are stressed (Perry et al., 2009). Duanmu (2007) found that full syllables (syllables with lexical tones) in Chinese are equal to stressed syllables in English, while light syllables (neutral tone) are equal to unstressed syllables in English.



Beijing Dialect

Beijing dialect is phonologically similar to Standard Mandarin. It has four basic tones (T55, T35, T214 and T51; Chao, 1948). The neutral tone (i.e., the unstressed syllable) occurs frequently in the Beijing dialect (Mok, 2009). Lee and Zee (2008) found that (1) the “F0 contour of the neutral tone on the non-initial syllable” was determined mainly “by the preceding citation tone”; (2) of the neutral tone’ intensity “co-varies with the corresponding F0 contour”; (3) the duration of the neutral tone was usually shorter than “the preceding or following citation tone”. Liu and Samuel (2004) mentioned that F0 was the primary acoustic cue for tone perception.



Changsha Dialect

Changsha dialect belongs to New Xiang dialect. Analogous to Beijing dialect, duration, F0, and intensity are essential acoustic cues of the stressed syllable in Changsha dialect. However, there are a few differences between Beijing dialect and Changsha dialect in weighting the acoustic cues. Changsha dialect has two more lexical tones than Beijing dialect and usually shows lower F0. Unlike the Mandarin tone, F0 does not play the most influential role in Changsha dialect; instead, duration is more crucial than either F0 or intensity (Yi, 2007). Yi (2007) investigated the metrical stress in Changsha dialect and found that its main acoustic cue for stressed syllables was duration, and the duration value of stressed syllables was almost 20–60% longer than that of unstressed syllables. Furthermore, F0 weighed less than duration in discriminating stressed and unstressed syllables. The F0 contour of unstressed syllables usually displayed a downward trend. Intensity and vowel quality did not discriminate stress contrasts in Changsha dialect. For instance, the unstressed syllables might display higher intensity. Neutral tone occurs at the final position of a word and is light and short. This results in the neutral tone being regarded as analogous to an unstressed syllable.



Guangzhou Dialect

Guangzhou dialect is deemed to be standard Cantonese. Ciocca et al. (2002) found that F0 plays as the “primary, and perhaps sole” role in Cantonese tones. According to Li (1990), only 21.5% characters have the same pronunciations between Cantonese and Mandarin in Basic Vocabulary Table of Modern Chinese Characters. Only 23.1% of all the Cantonese words have equivalents in Mandarin (Rao et al., 1997). The rate is very low at 1.78%, when the two colloquial expressions are compared (Zeng, 1982). Therefore, Cantonese and Mandarin are widely considered to be two distinct languages in bilingual studies (Cai et al., 2011; Liu et al., 2017). Guangzhou dialect has nine tones, which does not have the neutral tone. Guangzhou dialect is considered more syllable-timed than Beijing dialect (Mok, 2009). This difference reasonably suggests the hypothesis that Beijing speakers might perform better in duration in unstressed syllables than Guangzhou speakers. Every Cantonese syllable carries a tone without a neutral tone (Bauer and Benedict, 1997). Cantonese and Mandarin, which are both strong syllable-timed and weak syllable-timed, respectively, would result in stress production with differences in terms of duration and intensity (Lin et al., 2013).



F0 Contours for Tones in Beijing, Changsha, and Guangzhou Dialects

Figure 1 depicts the F0 contours of the four Beijing dialect tones, six Changsha dialect tones, and nine Guangzhou dialect tones. The numbers in parenthesis indicate the relative starting and ending pitch of each tone on a 1–5 scale, with 1 referring to the lowest pitch of the speaker and 5 to the highest pitch (Chao, 1948). The T value was calculated according to the formula: [image: image] (lg x: the observed F0 value in Hz; lg a: the max F0 value of the speaker in Hz; and lg b: the min F0 value in Hz).

[image: Figure 1]

FIGURE 1. F0 contours for tones in Beijing dialect (A) produced by a male speaker on the syllable /ma/, Changsha dialect (B) produced by a male speaker on the syllable /pa/, and Guangzhou dialect (C) produced by a male speaker on the syllable /si/.


Though there are considerable variations in lexical tone production, the basic F0 patterns of the lexical tones are rather consistent at a more abstract level. Since these tones are produced by learners with different dialect backgrounds, it is impossible to compare the absolute F0 levels between different dialects. However, the relative F0 levels can be compared.



Chinese Speakers’ Production of English Stress

Native Mandarin speakers and Native English speakers rely on different acoustic correlates for English stress production (Lai, 2008). Mandarin relies on lexical tones to distinguish lexical meaning. F0 is “the primary acoustic cue for Mandarin tones,” but duration and intensity “vary consistently across lexical tone categories” (Zhang et al., 2008). Duration and intensity also play important roles, especially in contributing to the perception and categorization of lexical tones (Whalen and Xu, 1992). They can be statistically modeled for tonal representation (Chen, 2015).

Mandarin speakers also used F0, duration, and intensity when producing English stress. However, these cues are used in different ways. Chen et al. (2001) found native Mandarin speakers produced significantly higher F0 and shorter duration in stressed syllables, and higher F0 and greater intensity in unstressed syllables than native Mandarin speakers when producing English sentence stress. Zhang et al. (2008) reported native Mandarin speakers employed native-like intensity and duration for English-stressed syllables but produced higher F0 than native Mandarin speakers. Ng and Chen (2011) found Cantonese speakers proficiently used intensity and duration to signal sentence stress but exhibited consistently higher F0 than native Mandarin speakers. In short, the problems that Chinese speakers face in learning English stress were mainly assumed to arise from tonal transfer. Failure to accurately produce these cues may contribute to a non-native accent.

Some studies suggest that the phonetic realizations of stress may vary across dialects. For example, Bethin (2006) reported that changes across East Slavic dialects revealed a typology of stress and tone. Qin and Tremblay (2014) and Qin et al. (2017) proved that native dialect effects exist in the use of acoustic cues in English lexical stress by Standard Mandarin, Taiwanese Mandarin, and English speakers. Their findings showed that Standard Mandarin-speaking learners explored more duration than Taiwanese Mandarin-speaking learners to perceive English non-words. The reason is that standard Mandarin has neutral tone, but the Taiwanese Mandarin does not. Native dialect, it is suggested, is crucial for determining whether L2 learners can utilize some prosodic cues in English stress perception.

The literature review reported conflicting results about non-native learners who used the acoustic parameters in producing English stress. Cross-dialect studies of English lexical stress production remain scarce, and few research has compared the acoustic characteristics of F0, duration, and intensity simultaneously across different dialects.



The Present Study


Research Questions

1. To what extent do different Chinese dialect (Beijing, Changsha, and Guangzhou) speakers produce F0, duration, and intensity patterns which deviate from American English speakers?

2. Whether, and if so, how, does Chinese dialects affect L2 speaker production of English lexical stress?



Hypotheses

1. Previous studies of L2 production have shown that language transfer effects from L1 to L2 is robust (Ploquin, 2013). As predicted by STM, Chinese dialect groups may show different patterns for the three acoustic correlates from the American English group.

2. As predicted by CAH, L2 dialect speakers are adept at using acoustic correlates in L2 if these correlates are actively used in L1 (i.e., F0 and intensity), whereas an inactive cue (i.e., duration) would cause difficulty for Guangzhou speakers, but not Beijing or Changsha speakers.





MATERIALS AND METHODS


Participants

Eighty participants were recruited and constituted into four groups: American English, Beijing, Changsha, and Guangzhou groups (10 females and 10 males in each group). American English participants were US undergraduates. The Chinese speakers’ English proficiency was evaluated by Language Experience and Proficiency Questionnaire (Marian et al., 2007) and the Lexical Test for Advanced Learners of English (Lemhöfer and Broersma, 2012). Chinese participants were all roughly at the intermediate English proficiency levels. No participants reported being diagnosed with any cognitive or speech disorders. The self-evaluation of English proficiency of the participants was in Supplementary Table 1. Participants’ demographics were listed in Supplementary Table 2.



Stimuli

Five minimal stress pairs were selected following the methodology of Fry (1955), Zhang et al. (2008), and Lai (2008). All stimuli were disyllabic English stress minimal pairs (Table 1). The stress patterns (trochee and iamb) of the stimuli were counterbalanced across participants. The target words were embedded in context sentences and carrier sentences. Target words were embedded in a carrier sentence using the pattern: “Please say ‘X’ CLEARLY but not LOUDLY” (Chan, 2007). This manipulation was designed to let prominence-lending pitch movements fall on the two words (“clearly” and “loudly”) and to reduce the chances that the target words “X” would receive the highest level of prominence in the sentence. Only the word in isolation was analyzed.



TABLE 1. Target words and context sentences.
[image: Table1]



Recording of Stimuli

All recordings were digitized using SENNHEISER PC 166 headset recorders with 44.1 kHz sampling rate and in a 16-bit rate mono format. The microphone was placed approximately 20 cm from the participant’s lips at an angel of 45° (horizontal). Recordings of stimulus were taken in a quiet room with the software Cool Edit Pro 2.0. The starting and ending points of each sound wave were selected at zero-crossing in order to prevent clipping artifacts. Each recording was then saved as an individual sound file.



Procedure

The participants were invited to fill out a language background questionnaire and sign the written informed consent to participate in the study. A brief introduction of the experiment was presented to ensure that all the participants know how to participate in this experiment. Prior to the formal recording process, 5 minutes was given for participants to acquaint themselves with the experimental instructions, stimuli, and procedures. Then, they were asked to do a real word familiarity rating task. The familiarity scale options are divided into three levels: 1 = not at all familiar; 2 = A little familiar; and 3 = very familiar. These stimuli all obtained high familiarity score: 3. There was no difference in rating the word familiarity among the four groups. Stressed syllables were in capitalized and bolded to clue participants to produce the correct stress patterns. Participants practiced on five, non-test, and stress pairs.

During recording, participants would first read the context sentence, then the carrier sentence, and finally, the target stimulus in isolation three times at normal speech rates. The participants should be familiar with this rule of stress shift to distinguish noun from verb for some English stress pairs. These stimuli were presented on the computer screen with Microsoft PowerPoint. Participants sit in front of the computer and control the speed of slide switching by pressing the space bar. They were allowed to re-record when a mistake was made. First, the stimuli were displayed below with the corresponding context sentence and carrier sentence at the top. Second, the target stimuli and corresponding context sentences were displayed. Third, only the stimuli were shown. The average running time for the whole experiment was about 30 min for each participant.



Acoustic Measurements

Similar to the method used by Nguyen and Ingram (2005) and Lai (2008), the acoustic parameters were measured of vowels by using Praat (version 5.3.76; Boersma and Weenink, 2014) scripts: average F0 (Hz); duration (ms); and intensity (dB). As recommended in the Praat manual, F0 range was set depending on the gender of the speaker (male: 75–300 Hz; female: 100–500 Hz).

The acoustic data were auto-segmented by Prosogram (Mertens, 2004) and then manually segmented using waveform and spectrogram information based on the criteria described by Peterson and Lehiste (1960), Stevens (2002), and Zhang et al. (2008). For each token, a text grid was generated and four boundaries were determined, for example, onsets and offsets of the stressed and unstressed vowels. During the manual segmentation process, the first zero-crossing point of the first glottal pulse of the vowel (can be clearly shown in the enlarged waveform) was marked as the start point of the vowel and the last zero-crossing point of the last glottal pulse of the nasal murmur as the end point of the nasal murmur. Two examples of the segmentation criteria for noun and verb were in the Supplementary Figures 1, 2.

F0 contours were obtained by taking 11 points (in Hz) in the rhyme part of each vowel by using ProsodyPro (Xu, 2013), http://www.homepages.ucl.ac.uk/~uclyyix/ProsodyPro/. Note that during each sonogram, the visible pitch contour (the short-dotted line) does not run through exactly from the beginning to the end of the interval. This is because pitch at some section cannot be defined by the Praat, but the missing pitch section is still considered as part of the sonorant. The undefined pitch will be ignored by pitch-based measurement, so it does not affect the final results.

The elicitation procedure yielded 2,400 tokens (5 words × 2 stress pattern × 3 repetitions × 80 participants = 2,400). Using Zhang et al. (2008)’s method, an acoustic analysis was made on the token that “each production is assumed to represent the speaker’s best attempt to produce stress on the appropriate syllable.” Participant best attempts to produce stress on the appropriate syllable were analyzed. The 800 tokens produced in isolation were used for analysis. The two vowels of each token were extracted for F0, duration, and intensity. Thus, the total trial data amount should be 1,600 (five words × 2 stress pattern × 2 vowel × 80 participants = 1,600). This study used 1,510 data for the subsequent analysis. Ninety trial data were excluded from further acoustic analysis. The reasons for exclusion were as: (1) the recording quality of three American participants did not meet acoustic extraction requirements. Their data were excluded (3 speakers * 2 stress * 5words * 2 vowels = 60). (2) Another 30 data were excluded due to incorrect stress patterns or unclear recordings. There were 1,510 duration data and 1,510 intensity data. There were only 1,474 F0 data. There were 36 missing F0 values in the process of extracting acoustic parameters using Praat. This absence may be caused by phonation-caused F0 curve fracture. All F0 contours were plotted based on 10 (words) × 80 (speaker) samples. Each curve is an average of 5 (words) × 20 (speakers). F0 contours were measured at every 10% of the contours at normalized time points and plotted by R Core Team (2013).



Reliability

The intra- and inter-judge reliability assessment were examined for the acoustic measurement of F0, duration, and intensity by calculating extracted 10% random samples. The selected samples were measured by the same phonetician a second time for intra-judge reliability measure. Then, the speech samples were measured by another trained phonetician again. The mean absolute errors for F0, duration, and intensity for intra-judge measurement were 3.85 Hz, 10.21 ms, and 0.45 dB, respectively. For F0, duration, and intensity, the Pearson’s linear correlation coefficients between the first and second measurements were r = 0.94, r = 0.84, and r = 0.97, respectively. For F0, duration, and intensity, the mean absolute errors for inter-judge measurement were 4.1 Hz, 12.01 ms, and 1.81 dB, respectively. Inter-judge reliability for F0 was: r = 0.90, for duration: r = 0.89, and for intensity: r = 0.94.



Statistical Methods

The statistical analysis method follows the previous studies (Zhang et al., 2008; Saha and Mandal, 2015). Four (group) * 2 (stress) mixed factorial ANOVAs were conducted on originally measured values (F0, duration, and intensity), with language group (American English, Beijing, Changsha, and Guangzhou) as between-subject variables, stress pattern (stressed or unstressed) as the within-subjects factor. Post-hoc (Tukey HSD) tests analyzed the parametric differences between the groups. All post-hoc tests were conducted with p = 0.05. One-way ANOVAs compared group S/U differences. Statistical analyses were conducted with R Core Team (2013), with p = 0.05 as a standard level of significance.



Acceptability Ratings

The participants’ ratings of acceptability or accent are usually applied in determining their participant’s foreign accent (Flege, 1988; Piske, 2012). The common strategies to measure the level of foreign accent are used by inviting Native American English listeners to assign a numeric value to the utterances of the speakers based on its perceived quality. In the present study, to evaluate the acceptability of each stimulus, a listening evaluation task was conducted. Three linguistically trained phoneticians served as the consultants. They have to judge the foreign accent of the recordings of Chinese dialect participants (see Supplementary Table 3). They were told to focus on stress characteristics in rating process rather than other segmental.

The recordings were played randomly but blocked by gender. The raters first heard the recording of the target words and were asked to determine which word they heard. The two possible choices for each token (e.g., SUBject or subJECT) were shown on the screen until they made a choice. The raters were invited to rate the tokens produced by the four language groups on a five-point scale (1 = poor and 5 = excellent). The tokens and recordings were presented by using E-prime version 2.0 (Schneider et al., 2002).




RESULTS

Using absolute values (Figure 2) and stressed-to-unstressed vowel (S/U) ratios (Figure 3) of F0, duration, and intensity as indices, this study explores how American speakers and Chinese dialect speakers marked prosodic targets. ANOVA results of the mean values (Table 2) and S/U ratios (Table 3) were summarized.

[image: Figure 2]

FIGURE 2. Mean values of F0 (A), duration (B), and intensity (C).


[image: Figure 3]

FIGURE 3. Average S/U ratios of F0 (A), duration (B), and intensity (C).




TABLE 2. ANOVA summary of mean F0, duration, and intensity.
[image: Table2]



TABLE 3. ANOVA summary of S/U ratios of F0, duration, and intensity.
[image: Table3]


F0

Mean F0 results appear in Figure 2A. Factorial ANOVA revealed significant main effects of group [F (3, 1,466) = 12.185, p < 0.001, [image: image] = 0.024] and stress [F (1, 1,466) = 24.789, p < 0.001, [image: image] = 0.017], but not group × stress interaction [F (1, 1,466) = 0.193, p = 0.901, [image: image] = 0.000]. Post-hoc tests showed American English speakers produced a significantly different mean F0 from Changsha (p < 0.001) and Guangzhou (p = 0.005), but not from Beijing speakers (p = 0.110). Significant mean F0 differences were found in Beijing vs. Changsha speakers (p = 0.036) and Changsha speakers vs. Guangzhou speakers (p = 0.001), but not in Beijing vs. Guangzhou speakers (p = 0.762).

The three dialect groups produced greater S/U ratios of F0 than American English group (Figure 3A). Ranking order was as: Changsha (1.18) > Beijing (1.16) > Guangzhou (1.14) > American speakers (1.13). One-way ANOVA showed significant main effects for group [F (1, 716) = 4.283, p = 0.005, [image: image] = 0.018]. Post-hoc tests showed the American group differed significantly from the Changsha group (p = 0.002), but not from Beijing or Guangzhou (p > 0.05). No significant differences were found among the dialect groups (p > 0.05).



F0 Contour

Figure 4 shows F0 contours in trochaic (a) and iambic (b) stress patterns.

[image: Figure 4]

FIGURE 4. F0 contours in trochaic (A) and iambic (B) stress patterns for the four groups.


Figure 4 reveals that contours for all groups differed in overall shape and height. Generally, F0 contours in the stressed vowels were higher than unstressed vowels. In the trochaic pattern, all dialect groups used high level F0 contours to signal-stressed vowels (V1). The American English group showed a gradual falling contour. All contours displayed declination for unstressed vowels (V2). F0 contours of the three dialect groups for stressed vowels (V2) in the iambic pattern displayed a high-falling tonal contour. The American English group contour was much less steep. All three dialect groups showed relatively more level contour patterns for unstressed vowel (V1) than the American English group.

Chinese dialect speakers are less flexible in realization of F0 contours. Moreover, they appeared to apply more fixed F0 contours in stressed syllables. When producing the stressed syllables in iambic, Chinese dialect speakers showed high-falling tonal contours with great F0 variation between the onset and offset. Moreover, the contours generated by the Chinese dialect speakers showed a rise/plateau at the onset point, which resembles the profile of the Chinese high-falling tone. In contrast, American speakers produced a relatively level F0 contour. Both in the trochaic and iambic stress pattern, the Chinese dialect groups showed a greater F0 drop between the onset and offset; whereas the American group produced more flattened F0 contours.

When producing the unstressed syllables, F0 contours all displayed a gradual falling trend. The F0 patterns are relatively consistent across the four groups. The F0 contours resembled the high-falling tone 4 in Mandarin. In contrast, the F0 contours of the American group showed relatively flat with a gradual falling trend. Generally, the F0 contours of the stressed syllables in trochaic stress pattern produced by the Chinese dialect speakers carry a high-level contour, while the stressed syllables in iambic stress pattern show a high-falling tonal contour.

F0 contours of each participant were shown in Supplementary Figure 3. To better understand the varying nature of the F0 contour over the time course of the stressed and unstressed syllable, the repeated measures General Linear Model ANOVAs were conducted. All statistical analyses were conducted by R Core Team (2013). Results of repeated measures ANOVA showed main effects for language group (p < 0.05). Post-hoc tests showed that in trochaic pattern (V1), there was a significant difference between the Beijing and Changsha groups (p < 0.05), Beijing and Guangzhou groups (p < 0.05); in trochaic pattern (V2), there was a significant difference between Beijing and Changsha groups (p < 0.05); significant differences were found between the American and Changsha groups from point 1–6 (p < 0.05), but not point 7–11 (p > 0.05); in iambic pattern (V1), there were significant differences between the Beijing and Changsha groups (p < 0.001); and the American and Changsha groups from point 3–11 (p < 0.05), but not point 1–2 (p > 0.05). In iambic pattern (V2), a significant difference was found between the American and Changsha groups (1–7 points; p < 0.05), but not 8–11 point (p > 0.05). No significant differences were found among the other groups in the four conditions.



Duration

Mean duration results appear in Figure 2B. A factorial ANOVA revealed significant main effects of group [F (3, 1,502) = 11.573, p < 0.001, [image: image] = 0.023], stress [F (1, 1,502) = 39.218, p < 0.001, [image: image] = 0.025], and group × stress interaction [F (1, 1,502) = 3.798, p = 0.01, [image: image] = 0.008]. Post-hoc tests showed the American English speakers produced significantly different duration values from Changsha (p = 0.042) and Guangzhou speakers (p = 0.014), but not Beijing speakers (p = 1.000). Significant duration differences were found in Beijing vs. Changsha (p = 0.028); Beijing vs. Guangzhou (p = 0.009); and Changsha vs. Guangzhou groups (p < 0.001).

The three dialect groups produced smaller S/U duration ratios for the American English group (Figure 3B): American English (1.26) > Beijing (1.21) > Changsha (1.19) > Guangzhou (1.17). One-way ANOVA showed significant main group effects [F (1, 753) = 5.487, p = 0.001, [image: image] = 0.021]. Post-hoc tests showed the American English speakers differed significantly from Guangzhou speakers (p = 0.022), but not from Beijing or Changsha speakers (p > 0.05). Significant differences were found in Beijing vs. Changsha (p = 0.003); Beijing vs. Guangzhou (p = 0.001); and Changsha vs. Guangzhou groups (p = 0.044).



Intensity

Mean intensity results appear in Figure 2C. Factorial ANOVA revealed significant main effects of group [F (3, 1,502) = 107.595, p < 0.001, [image: image] = 0.177] and stress [F (1, 1,502) = 118.407, p < 0.001, [image: image]= 0.073], but not group × stress interaction [F (1, 1,502) = 0.858, p = 0.462, [image: image] = 0.002]. Post-hoc analysis showed American speakers produced significantly larger mean intensity values than either Beijing, Changsha, or Guangzhou speakers (p < 0.001). Significant mean intensity differences were found in Beijing vs. Guangzhou (p = 0.001), Changsha vs. Guangzhou (p = 0.004), but not in Beijing vs. Changsha speakers (p = 0.989).

Figure 3C reveals that dialect groups produced S/U intensity ratios similar to the American group. One-way ANOVA showed no significant main effects of group [F (1, 752) = 0.702, p = 0.551 [image: image] = 0.168]. Post-hoc tests showed that American speakers showed no significant difference with Beijing speakers (p = 0.706), Changsha speakers (p = 0.914), and Guangzhou speakers (p = 0.518). No significant difference was found among Chinese dialect groups: Beijing vs. Changsha (p = 0.972); Beijing vs. Guangzhou (p = 0.989); and Changsha vs. Guangzhou (p = 0.875).




DISCUSSION


L1 Prosodic Effects on F0

F0 results showed the Beijing and Guangzhou speakers F0 ratios did not differ significantly from American English speakers. This suggests that an active F0 role as L1 dialect tonal cues facilitated production of F0 contrasts. These results are consistent with Choi et al. (2016). They found L1 lexical tone facilitated L2 English lexical stress sensitivity due to a direct prosodic transfer. Chinese learners interpret English stressed or unstressed differences as tone differences (Cheng, 1968).

Changsha speakers’ F0 S/U ratios were significantly different from the American English speakers. Juffs (1990) found the Changsha dialect speakers usually realize stress by “extending the length of the syllable to an inordinate degree,” but “with no pitch movement,” and “the syllable was in fact tonic.” Changsha speakers usually failed to assign the lexical stress correctly via simple increases in F0 height without movement (Juffs, 1990). Some Changsha speakers might have applied F0 movement indiscriminately to English stress.

The Guangzhou speakers could differentiate the F0 contrasts. Chen and Au (2004) reported Cantonese speakers habitually assign high-level tones (/55/) to the primary stress in English, while use tone regularity (/22/ and /11/) to assign the less prominent syllable. For example, they use Cantonese Tone /22–55/ to assign English word /rɪ’zʌlt/ and /55–11/ to assign /'peɪpə/. Chinese dialect speakers may unconsciously use L1 tonal systems to assign English lexical stress.



L1 Prosodic Effects on F0 Contour

American group F0 contours were more diverse than the three Chinese dialect groups. F0 contour results indicate that the Chinese dialect speakers employed higher F0 to signal-stressed syllables in a way similar to Chinese tonic pitch contours. F0 contours for stressed vowels (in trochee) for all Chinese dialect speakers resemble Mandarin’s high-level tone 1 (T1). Stressed vowel contours, in iamb, resemble the high-falling tone 4 (T4) in Mandarin, consistent with Lai and Sereno (2008). Level tone is rare in English (Roach, 1983), but common in Chinese languages. Juffs (1990) observed that Chinese students use T1 with a higher pitch for English lexical stress due to an over-generalization from L1.

F0 contours of the American speakers were more diverse than Chinese speakers. Results suggest that Chinese dialect speakers tend to use more fixed contours in stressed syllables; whereas American English speakers F0 contours are more flexible than Chinese dialect speakers. This divergence may result from the fact that the Chinese dialect speakers’ inflexible usage of F0 cues in L1 dialects, since the tone patterns are fixed in Chinese (Lai, 2008). This fixedness may result in dialect speakers using F0 contour inflexibly. Besides, the F0 phonemic status triggers a more consistent use of a cue due to the F0 phonemic feature in Chinese. Zhang et al. (2008) found that some Chinese speakers produced non-English-like F0 patterns, with a non-standardly F0 values in stressed syllables. Chinese learners usually use the common strategy—tone assignment in L2 stress production (Chen and Au, 2004).

Interestingly, the three Chinese dialect speaker groups exhibited obvious differences. Changsha dialect speakers showed higher pitch contour for stressed and unstressed syllables. F0 of the neutral tone in Changsha dialect is level (i.e., mid-level tone; Zhang, 2005). Prior studies showed that “high tones predominate in most dialects,” and “the falling tone occurs more frequently than any other tonal contour” (Cheng, 1973). Different Chinese dialects have different tonal inventories resulting in various F0 contour patterns. For example, F0 contours of the Changsha speakers are similar to the high-level tone in Changsha dialect, suggesting that Changsha speakers may adopt either the High tone (High level 1, 45) or the Falling tone (41). Beijing speakers may apply either the High tone (High level 1, 55) or the Falling tone (51). GZ speakers may apply either the High-level tone (High level 1, 55) or the Falling tone (21). Chinese learners use high tones (high level or falling) to signal-stressed syllables in English; whereas native English speakers do not. Statistical methods for analyzing F0 contours, such as orthogonal polynomials, growth curve analysis, and functional data analysis, for example, those recently used by Chen et al. (2017), merit further study.



L1 Prosodic Effects on Duration

Duration differences between American and Chinese dialect speakers may occur for any one, or a combination of, the following reasons. English syllables are stress-timed while Chinese syllables tend to be syllable-timed. Stress-timed languages tend to vary in duration more than syllable-timed languages (Mok, 2009). Chinese is monosyllabic and its longer words are composed of independent monosyllables. Each Chinese syllable carries a tone and “each tone is more or less of equal length” (Chen, 2015). This may result in Chinese dialect groups’ smaller S/U ratios of duration than American speakers, but the statistical results showed that only American speakers differed significantly from Guangzhou speakers.

American English speakers produced significantly different S/U duration ratios from Guangzhou speakers, but not Beijing or Changsha speakers. The reasons may be due to that the unstressed syllables (neutral tone) occur more frequently in Beijing dialect and Changsha dialect, but not in the Guangzhou dialect. Unstressed syllable duration was dramatically shortened (Brainerd and Chao, 1968). The Guangzhou dialect has no neutral tone and maybe not duration sensitive. Beijing and Changsha speakers perform better when using duration than Guangzhou speakers. Different duration proportions between Guangzhou speakers and American English speakers suggest negative L1 transfer effects. Guangzhou speakers might have difficulties producing the requisite vowel duration contrasts for English lexical stress.



L1 Prosodic Effects on Intensity

S/U intensity ratios for each group approximated 1.0 indicating minimal intensity differences for the stressed and unstressed vowels. The ratios of the three dialect groups were similar to that of the American group. This suggests that the three Chinese dialect groups produced intensity contrasts natively. Zhang et al. (2008) proved that Mandarin speakers can successfully use intensity to produce English stress in a native-like fashion. Whalen and Xu (1992) concluded that intensity was the extra-essential cue for Mandarin word stress.

In sum, the results are compatible with the predictions of this study. When L2 dialect speakers did not express these acoustic cues in the same way as those from the American group, the performance pattern was consistent with the characteristic transfer of the dialect tonal system. Results generally confirmed the two hypotheses. The findings tended to prove that the prosodic structure and rhythmic typology are inherent to a given language or dialect, and they are deeply embedded in the learners’ language-specific competence, which makes it difficult for L2 learners to get rid of, results in a foreign accent. This is evidence of language transfer.




CONCLUSION

Results suggest that speakers of these three Chinese dialects produced less native-like stress patterns, although they used the three cues to distinguish stress. Chinese dialect speakers showed some divergence from American speakers in a manner consistent with the transfer of characteristics of L1 dialects. Beijing speakers differentiated English stress contrasts in terms of F0, duration, and intensity, suggesting active F0 and intensity roles, as tonal cues in Beijing dialect might facilitate producing F0 and intensity contrasts. Beijing and Changsha dialect speakers were adept in using duration as it was actively used in signal neutral tones. Changsha speakers produced native-like duration and intensity contrasts but showed significant F0 differences. Guangzhou speakers produced native-like F0 and intensity contrasts but failed to produce duration contrasts due to a negative transfer effect. Duration does not function as an active cue in Guangzhou tonal distinctions. As predicted by STM, and CAH, the results suggest that L1 dialect would transfer to the production of L2 lexical stress. Future research is needed to provide additional insights into how the prosodic features of other native dialects are transferred into L2 prosody production.

This study would contribute to general second language acquisition studies both in theory and in practice. The study will provide evidence to show how non-native English speakers acquire the stress. It is hoped that the findings of the present study can be implemented in language teaching classes, language recognition, or other language mediums, such as speech clinics.

Some limitations need to be acknowledged. First, a linear mixed-effects model analysis with item-level information would be more informative than ANOVA analysis. Second, in addition to F0, duration, and intensity, vowel reduction is also an important acoustic cue for English lexical stress. The use of vowel reduction by learners with dialect background in English stress is worth further exploration. Third, three repetitions of the tokens produced in the manuscript should be analyzed instead of choosing to the production of the best attempt. Fourth, this study only involves three dialects. In the future, it is necessary to study the English stress production by the speakers from other dialect areas. Fifth, the acoustic analysis of this study only analyzes isolated disyllabic words. It is interesting to explore whether L1 dialects show transfer effect in L2 spontaneous discourse.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

XG proposed the research questions, designed the experiment, collected data, conducted statistical analysis, wrote the draft of the manuscript, and revised it. The author approved the submitted version.



FUNDING

This research was funded by the Shanghai Philosophy and Social Science Planning Education Youth Project, 2019, grant number B19005.



ACKNOWLEDGMENTS

Thanks to the editor and the three reviewers for their constructive and useful suggestions. Thanks to Professor Xiaoxiang Chen for her guidance of this study, Dr. Shengyi Wu for his help in statistical analysis, associate professor Ting Zeng for her guidance in acoustic analysis, and Stephen Laudig for his efforts in modifying the language. Many thanks to the students who participated in this study.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2022.796252/full#supplementary-material



REFERENCES

 Francis, A. L., Ciocca, V., Ma, L., and Fenn, K. (2008). Perceptual learning of Cantonese lexical tones by tone and non-tone language speakers. J. Phon. 36, 268–294. doi: 10.1016/j.wocn.2007.06.005

 Altmann, H. (2006). The Perception and Production of Second Language Stress: A Cross-Linguistic Experimental Study. Doctoral Dissertation. United States: University of Delaware.

 Archibald, J. (1993). Language Learnability and L2 Phonology. Dordrecht: Kluwer Academic Publishers. 

 Bai, H. (2001). The influence of regional dialects of Chinese on the intonation of English learner speaking. J. Lanzhou Railway Inst. 20, 128–132.

 Bauer, R. S., and Benedict, P. K. (1997). Modern Cantonese Phonology. Germany: De Gruyter Mouton.

 Bethin, C. Y. (2006). Stress and tone in east Slavic dialects. Phonology 23, 125–156. doi: 10.1017/S0952675706000868

 Boersma, P., and Weenink, D. (2014). Praat: doing phonetics by computer [Computer program] Ver. 5.3. 76. Available at: http://www.praat.org/ (Accessed September 10, 2014).

 Bolinger, D. (1965). “Pitch accent and sentence rhythm,” in Forms of English: Accent, morpheme, order. eds. Abe, I., and Kanekiyo, T. (Cambridge: Harvard University Press), 139–180.

 Brainerd, B., and Chao, Y. R. (1968). Language and Symbolic Systems. United Kingdom: Cambridge Univ. Press.

 Cai, Z. G., Pickering, M. J., Yan, H., and Branigan, H. P. (2011). Lexical and syntactic representations in closely related languages: evidence from Cantonese–mandarin bilinguals. J. Mem. Lang. 65, 431–445. doi: 10.1016/j.jml.2011.05.003

 Chan, M. K. (2007). The Perception and Production of Lexical Stress by Cantonese Speakers of English. Univ. Hong Kong: Pokfulam, Hong Kong.

 Chao, Y. R. (1948). Mandarin Primer. United States: Harvard University Press.

 Chen, C. C., and Au, C. P. (2004). “Tone assignment in second language prosodic learning.” in Paper presented at the Speech. International Conference. March 23-26, 2004; Prosody, Nara, Japan.

 Chen, S. (2015). “More than F0: an additive model for tonal representations.” in Proceedings of the International Conference on Speech Sciences. November 20-21, 2015; Seoul: The Korean Society of Speech Sciences, 143–144.

 Chen, S., Zhang, C., McCollum, A. G., and Wayland, R. (2017). Statistical modelling of phonetic and phonologised perturbation effects in tonal and non-tonal languages. Speech Commun. 88, 17–38. doi: 10.1016/j.specom.2017.01.006

 Chen, Y., Robb, M. P., Gilbert, H. R., and Lerman, J. W. (2001). A study of sentence stress production in mandarin speakers of American English. J. Acoust. Soc. Am. 109, 1681–1690. doi: 10.1121/1.1356023 

 Cheng, C.-C. (1968). English stresses and Chinese tones in Chinese sentences. Phonetica 18, 77–88. doi: 10.1159/000258601

 Cheng, R. L. (1973). Some notes on tone sandhi in Taiwanese. Linguistics 11, 5–25. doi: 10.1515/ling.1973.11.100.5

 Choi, W., Tong, X., and Cain, K. (2016). Lexical prosody beyond first-language boundary: Chinese lexical tone sensitivity predicts English reading comprehension. J. Exp. Child Psychol. 148, 70–86. doi: 10.1016/j.jecp.2016.04.002 

 Choi, W., Tong, X., and Singh, L. (2017). From lexical tone to lexical stress: a cross-language mediation model for cantonese children learning English as a second language. Front. Psychol. 8, 1–9. doi: 10.3389/fpsyg.2017.00492 

 Ciocca, V., Francis, A. L., Aisha, R., and Wong, L. (2002). The perception of Cantonese lexical tones by early-deafened cochlear implantees. J. Acoust. Soc. Am. 111, 2250–2256. doi: 10.1121/1.1471897 

 Crystal, T. H., and House, A. S. (1988). The duration of American-English vowels: an overview. J. Phon. 16, 263–284. doi: 10.1016/S0095-4470(19)30500-5

 Duanmu, S. (2007). The Phonology of Standard Chinese. United Kingdom: Oxford Univ. Press. Oxford.

 Flege, J. E. (1988). Factors affecting degree of perceived foreign accent in English sentences. J. Acoust. Soc. Am. 84, 70–79. doi: 10.1121/1.396876 

 Fry, D. B. (1955). Duration and intensity as physical correlates of linguistic stress. J. Acoust. Soc. Am. 27, 765–768. doi: 10.1121/1.1908022

 Fry, D. B. (1958). Experiments in the perception of stress. Lang. Speech 1, 126–152. doi: 10.1177/002383095800100207

 Fu, Q.-J., and Zeng, F.-G. (2000). Identification of temporal envelope cues in Chinese tone recognition. Asia Pacific J. Speech Lang. Hear. 5, 45–57. doi: 10.1179/136132800807547582

 Gandour, J. (1984). Tone dissimiliarity judgments by Chinese listeners. J. Chinese Linguist. 12, 235–261.

 Goffman, L., and Malin, C. (1999). Metrical effects on speech movements in children and adults. J. Speech Lang. Hear. Res. 42, 1003–1015. doi: 10.1044/jslhr.4204.1003 

 Grabe, E. (2002). “Variation adds to prosodic typology.” in Speech Prosody 2002, International Conference. April 11-13, 2002; eds. B. Bel and I. Marlien Tokyo: Keikichi Hirose Laboratory, 127–132.

 Howie, J. M., and Howie, J. M. (1976). Acoustical Studies of Mandarin Vowels and Tones. United Kingdom: Cambridge University Press.

 Juffs, A. (1990). Tone, syllable structure and interlanguage phonology: Chinese learners’ stress errors. Int. Rev. Appl. Linguist. Lang. Teach. 28:99. doi: 10.1515/iral.1990.28.2.99

 Keyworth, P. R. (2015). An acoustic phonetic study on the production accuracy of lexical stress contrasts in Arabic and mandarin-accented English. J. Acoust. Soc. Am. 137, 2271–2272. doi: 10.1121/1.4920296

 Lado, R. (1957). Linguistics Across Cultures: Applied Linguistics for Language Teachers. Ann Arbor: University of Michigan Press. 

 Lai, Y. (2008). Acoustic Realization and Perception of English Lexical Stress by Mandarin Learners. Doctoral dissertation. United States: University of Kansas

 Lai, Y., and Sereno, J. (2008). Perceptual cues to English lexical stress: comparison between native speakers and mandarin second language learners. J. Acoust. Soc. Am. 124:2595. doi: 10.1121/1.4783253

 Lee, W.-S., and Zee, E. (2008). Prosodic characteristics of the neutral tone in Beijing mandarin. J. Chin. Linguist. 36, 1–29.

 Lehiste, I. (1970). Suprasegmentals, Cambridge, Massachusetts & London, UK. United States: MIT Press

 Lemhöfer, K., and Broersma, M. (2012). Introducing LexTALE: A quick and valid lexical test for advanced learners of English. Behav. Res. Methods 44, 325–343. doi: 10.3758/s13428-011-0146-0 

 Li, J. Z. (1990). Cantonese is independent of Chinese. Academic Forum 76, 54–76.

 Lieberman, P. (1959). Some acoustic correlates of word stress in American English. J. Acoust. Soc. Am. 31:844. doi: 10.1121/1.1936148

 Lin, C. Y., Wang, M. I. N., Idsardi, W. J., and Xu, Y. I. (2013). Stress processing in Mandarin and Korean second language learners of English. Biling. Lang. Cogn. 17, 316–346. doi: 10.1017/S1366728913000333

 Lin, M. C. (1988). Putonghua shengdiao de shengxue xingzhi yu zhijue zhengzhao [acoustic properties and perceptual cues of mandarin tones]. Zhongguo Yuwen 204, 437–445.

 Liu, S., and Samuel, A. G. (2004). Perception of Mandarin lexical tones when F0 information is neutralized. Lang. Speech 47, 109–138. doi: 10.1177/00238309040470020101 

 Liu, X., Tu, L., Wang, J., Jiang, B., Gao, W., Pan, X., et al. (2017). Onset age of L2 acquisition influences language network in early and late Cantonese-mandarin bilinguals. Brain Lang. 174, 16–28. doi: 10.1016/j.bandl.2017.07.003 

 Major, R. C. (2001). Foreign Accent: The Ontogeny and Phylogeny of Second Language Phonology. Routledge. 

 Marian, V., Blumenfeld, H. K., and Kaushanskaya, M. (2007). The language experience and proficiency questionnaire (LEAP-Q): assessing language profiles in bilinguals and multilinguals. J. Speech Lang. Hear. Res. 50, 940–967. doi: 10.1044/1092-4388(2007/067) 

 Mertens, P. (2004). “The prosogram: semi-automatic transcription of prosody based on a tonal perception model.” in Prosody 2004, International Conference. March 29-31, 2004; 549–552.

 Miller, M. (1984). On the perception of rhythm. J. Phon. 12, 75–83. doi: 10.1016/S0095-4470(19)30852-6

 Mok, P. P. K. (2009). On the syllable-timing of Cantonese and Beijing mandarin. Chinese J. Phon. 2, 148–154.

 Ng, M. L., and Chen, Y. (2011). Proficiency in English sentence stress production by Cantonese speakers who speak English as a second language (ESL). Int. J. Speech Lang. Pathol. 13, 526–535. doi: 10.3109/17549507.2011.580783 

 Nguyen, T. T., and Ingram, N. J. (2005). Vietnamese acquisition of English word stress. TESOL Quaterly 39, 309–319. doi: 10.2307/3588314

 O’brien, M. G., and Smith, L. C. (2010). Role of first language dialect in the production of second language German vowels. Iral Int. Rev. Appl. Linguist. Lang. Teach. 48, 297–330. doi: 10.1515/iral.2010.013

 Perry, C., Wong, K. S., and Matthews, S. (2009). Syllable timing and pausing: evidence from Cantonese. Lang. Speech 52, 29–53. doi: 10.1177/0023830908099882 

 Peterson, G. E., and Lehiste, I. (1960). Duration of syllable nuclei in English. J. Acoust. Soc. Am. 32, 693–703. doi: 10.1121/1.1908183

 Pike, K. L. (1945). The Intonation of American English. United States: University of Michigan Press.

 Piske, T. (2012). “Factors affecting the perception and production of L2 prosody: research results and their implications for the teaching of foreign languages,” in Pragmatics and Prosody in English Language Teaching ed. J. Romero-Trillo (Dordrecht: Springer), 41–59.

 Ploquin, M. (2013). Prosodic transfer: from Chinese lexical tone to English pitch accent. Adv. Lang. Lit. Stud. 4, 68–77. doi: 10.7575/aiac.alls.v.4n.1p.68

 Qin, Z., Chien, Y.-F., and Tremblay, A. (2017). Processing of word-level stress by mandarin-speaking second language learners of English. Appl. Psycholinguist. 38, 541–570. doi: 10.1017/S0142716416000321

 Qin, Z., and Tremblay, A. (2014). “Effects of native dialect on Mandarin listeners’ use of prosodic cues to English stress.” in Proceedings of the 7th International Conference on Speech Prosody. May 20-23, 2014; 187–191.

 Rao, B., Ouyang, J., and Zhou, W. (1997). A Dictionary of Guangzhou Dialect. Hong Kong: Commercial Press.

 R Core Team (2013). R: A language and environment for statistical computing. Vienna, Austria: R Foundation for Statistical Computing. Available: http://www.R-project.org/ (Accessed July 20, 2013).

 Roach, P. (1983). English Phonetics and Phonology: A Practical Course. Cambridge University Press.

 Saha, S. N., and Mandal, S. K. D. (2015). “Study of acoustic correlates of English lexical stress produced by native (L1) Bengali speakers compared to native (L1) English speakers.” Sixteenth Annual Conference of the International Speech Communication Association. INTERSPEECH. September 5-10, 2015; Dresden, Germany.

 Schneider, W., Eschman, A., and Zuccolotto, A. (2002). E-prime User’s Guide. Pittsburgh, PA: Psychology Software Tools. Inc.

 Shen, X. S. (1990). Ability of learning the prosody of an intonational language by speakers of a tonal language: Chinese speakers learning French prosody. IRAL - Int. Rev. Appl. Linguist. Lang. Teach. 28, 119–134. doi: 10.1515/iral.1990.28.2.119

 Sluijter, A. M., and Van Heuven, V. J. (1996). “Acoustic correlates of linguistic stress and accent in Dutch and American English.” in International Conference on Spoken Language. October 3-6, 1996; 630–633.

 Stevens, K. N. (2002). Toward a model for lexical access based on acoustic landmarks and distinctive features. J. Acoust. Soc. Am. 111, 1872–1891. doi: 10.1121/1.1458026 

 Tong, X., Kit, L., Ling, L., Denis, B., and Joel, S. (2015). A tale of two features: perception of Cantonese lexical tone and English lexical stress in Cantonese-English bilinguals. PLoS One 10:e0142896. doi: 10.1371/journal.pone.0142896 

 Trubetzkoy, N. S. (1958). Grundzüge der Phonologie. Moskva: URSS ЛКИ.

 Ueyama, M. (2000). Prosodic Transfer: An Acoustic Study of L2 English vs. L2 Japanese. Los Angeles: University of California.

 Vogel, I. (2000). “The acquisition of prosodic phonology: challenges for the l2 learner”. in Paper presented at “Structure, Acquisition, and Change of Grammars: Phonological and Syntactic Aspects”. October 2000; Hamburg, Germany.

 Wang, Q. (2008). Perception of English Stress by Mandarin Chinese Learners of English: An Acoustic Study. Doctoral dissertaion. Canada: University of Victoria.

 Whalen, D. H., and Xu, Y. (1992). Information for mandarin tones in the amplitude contour and in brief segments. Phonetica 49, 25–47. doi: 10.1159/000261901 

 Xu, X. (2008). A Dynamic Study of English Stress. China: Shanghai Jiao Tong University Press.

 Xu, Y. (1999). Effects of tone and focus on the formation and alignment of f0contours. J. Phon. 27, 55–105. doi: 10.1006/jpho.1999.0086

 Xu, Y. (2013). ProsodyPro—A Tool for Large-Scale Systematic Prosody Analysis. France: Laboratoire Parole et Langage.

 Yi, X. (2007). Metrical Stress in Changsha Chinese. China: Hunan University.

 Yuan, J. (1989). Hanyu Fangyan Gaiyao (An Outline of the Chinese Dialects). Beijing: Wenzi gaige chubanshe.

 Zeng, Z. F. (1982). A Handbook of Translation of Cantonese and Mandarin Colloquial Expressions. Hong Kong: Hongkong Jt. Publ. Co. Ltd.

 Zhang, X. (2005). The Phonologial and Phonetic Features of the Neutraltone in Changsha Dialect. master’s thesis. China: Hunan University.

 Zhang, Y., and Francis, A. (2010). The weighting of vowel quality in native and non-native listeners’ perception of English lexical stress. J. Phon. 38, 260–271. doi: 10.1016/j.wocn.2009.11.002

 Zhang, Y., Nissen, S. L., and Francis, A. L. (2008). Acoustic characteristics of English lexical stress produced by native mandarin speakers. J. Acoust. Soc. Am. 123, 4498–4513. doi: 10.1121/1.2902165 


Conflict of Interest: The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Guo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/inline_14.jpg
n





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Acoustic Correlates of English Lexical Stress Produced by Chinese Dialect Speakers Compared to Native English Speakers



		Introduction



		Acoustic Correlates of English Stress



		Acoustic Correlates of Chinese Dialects



		Beijing Dialect



		Changsha Dialect



		Guangzhou Dialect



		F0 Contours for Tones in Beijing, Changsha, and Guangzhou Dialects



		Chinese Speakers’ Production of English Stress



		The Present Study



		Research Questions



		Hypotheses















		Materials and Methods



		Participants



		Stimuli



		Recording of Stimuli



		Procedure



		Acoustic Measurements



		Reliability



		Statistical Methods



		Acceptability Ratings









		Results



		F0



		F0 Contour



		Duration



		Intensity









		Discussion



		L1 Prosodic Effects on F0



		L1 Prosodic Effects on F0 Contour



		L1 Prosodic Effects on Duration



		L1 Prosodic Effects on Intensity









		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References



















OPS/images/inline_13.jpg
n





OPS/images/inline_2.jpg
I





OPS/images/inline_15.jpg
n





OPS/images/inline_12.jpg
n





OPS/images/inline_11.jpg
n





OPS/images/cover.jpg
’ frontiers
in Psychology

Acoustic Correlates of English
Lexical Stress Produced by Chinese
Dialect Speakers Compared to
Native English Speakers









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Psychology





OPS/images/fpsyg-13-796252-t001.jpg
Stimuli

UPset

UpSET

PREsent
preSENT

IMpact

mPACT

OBject

ObJECT

SUBject

SUbJECT

FREQ"

17,592

75,339

56,629

22,728

57,152

Noun/Verb

Noun

Verb

Noun

Verb

Noun

Verb

Noun

Verb

Noun

Verb

Context
sentence

I had a stomach
UPset last night
The rain has
UPSET our plans
for a pinic.

We got a nice
PREsent from her.
She will preSENT
the awards to all
His father has a
strong IMpact on
him.

The new policy will
strongly imPACT
the stock market.
What is the OBject
onthe table?

They will not
ObJECT to your
decision.

The latest SUBject
is education reform
We are subJECT
to many influences.

"FREQ: Word frequency determined by the Corpus of Contemporary American English
(COCA). Low-frequency words were not used.





OPS/images/fpsyg-13-796252-t002.jpg
Acousti Sot ss df ms F

\coustic cues urce P I

FO Group 136,377 3 45,459 12.185 <0.001%#* 0.024
Stress 92,481 1 92,481 24.789 <0.001*#* 0017
Group Stress 2,156 3 719 0.193 0.901 0.000
Eror 5,469,210 1466

Duration Group 44,907 3 14,969 11.573 <0.001%#* 0.023
Stress 50,725 1 50,726 39.218 <0.001%%* 0.025
Group x Stress 14,737 3 4912 3.798 0.010% 0.008
Error 1,942,748 1502 1,293

Intensity Group 7755 3 2,585 107.595 <0.001**x 0.177
Stress 2,845 1 2,845 118.407 <0.001%#* 0.073
Group Stress 62 3 20.607 0.858 0.462 0.002
Eror 36,084 1502 24.024

*4p £ 0,001; *%p £ 0.01; p>1.





OPS/images/fpsyg-13-796252-g003.jpg
s

AE 5 AE ¢ AE
“BEROSU 1D Duration /U 125 Tateosity SIU 10
] 124126 09
2 ¥
L
e
g Bl G-

Bl





OPS/images/fpsyg-13-796252-g004.jpg





OPS/images/inline_10.jpg
n





OPS/images/fpsyg-13-796252-t003.jpg
Acoustic
correlate

Fo
Duration
intensity

w4 £ 0.001; *p 0.01; p>1.

df

3

4283
5.487
0.702

0.005%*
0.001#%
0.551

0018
0.021
0.168





OPS/images/inline_1.jpg
log x— logh
]oga - 101,11





OPS/images/fpsyg-13-796252-g001.jpg
W Laa ()
Falling (51) 150f o

High Flat (55)

Mid Rising (25)|

High Level (44)

High (9

Low Dipping (214)

High Rising (35)

100}
|
5ol
Low FlRE @)
0 7o
g or 03 03 o 0 or 03 o3 o1 [ o 7 o3 ]
Tioa(s) Time (s) Time ()





OPS/images/inline_7.jpg
n





OPS/images/fpsyg-13-796252-g002.jpg
[ Stressed
] Unstresed

3 s s °
(a1p) Asuani vy

c

B Seessed
Unstressed

T Stressed
Unstressed
é E
cs GZ.

(ot

BI

AE

(H) 0w





OPS/images/inline_9.jpg
n





OPS/images/inline_8.jpg
n





OPS/images/inline_4.jpg
n





OPS/images/inline_3.jpg
I





OPS/images/inline_6.jpg
n





OPS/images/inline_5.jpg
n





