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This study examined effects of noise on speech production in first and second languages (L1 and L2) by examining correlates of segments and suprasegmentals produced by experienced Chinese learners of English. Vowels were significantly lengthened while consonants remained comparable under babble noise in both Chinese and English. Fundamental frequency was unchanged in Chinese, but raised in English in both quiet and noisy conditions. Phonetic realization of lexical stresses was partially maintained under noise to achieve contrast between strong and weak syllables. Our findings reveal Lombard effect in Chinese speakers' L1 and L2 speech production. Patterns of phonetic modification in Lombard speech appear language-specific, which may be attributed to L1 transfer or limited experience in L2 communication under adverse conditions.

INTRODUCTION

Speakers tend to involuntarily increase vocal efforts when speaking in adverse conditions such as under noise, which is referred to as the Lombard effects [START_REF] Lombard | Le signe de l'élévation de la voix [The sign of the rise of the voice[END_REF]. Lombard speech has been examined and found in a few languages, such as English [START_REF] Junqua | The Lombard reflex and its role on human listeners and automatic speech recognizers[END_REF], French [START_REF] Garnier | Speaking in noise: How does the Lombard effect improve acoustic contrasts between speech and ambient noise?[END_REF], Spanish [START_REF] Castellanos | An analysis of general acoustic-phonetic features for Spanish speech produced with the Lombard effect[END_REF], Japanese [START_REF] Takizawa | Lombard speech recognition by formant-frequency-shifted LPC cepstrum[END_REF], etc. Acoustically, Lombard effect is accompanied typically by an increase in vocal amplitude. However, previous studies found that modifications to other phonetic cues, such as duration and fundamental frequency (F0), were present in Lombard speech depending on phonetic contexts. For instance, acoustic adaptation in noisy conditions seemed to favour vowels rather than consonants. [START_REF] Junqua | The Lombard reflex and its role on human listeners and automatic speech recognizers[END_REF] found that vowels are more likely to be elongated while consonants slightly shortened. [START_REF] Garnier | Speaking in noise: How does the Lombard effect improve acoustic contrasts between speech and ambient noise?[END_REF] reported background noise induced greater changes in intensity and spectral energy of vowels than in those of consonants. In addition to fine-grained modification of segmentals, Arciuli and colleagues (2014) examined English lexical stresses in noise and found that English speakers did not increase vocal intensity equally across syllables, but altered degree of contrast between strong and weak syllables in Lombard speech. In the production of lexical stresses, both intensity and fundamental frequency showed greater differences between strong and weak syllables in noise than in quiet.

The phonetic modifications triggered by background noise are interpreted as attempts to facilitate speech communication in adverse conditions, where speakers employ measures available to enhance the intelligibility of speech in their native language. Much less is known, however, whether and how non-native speech shows such effect and modification, as second-language (L2) speakers who are limited by their linguistic experience may have more difficulty in identifying L2 speech targets in noisy conditions than native listeners (Li, Wayland, Zhang, 2012). For the production, [START_REF] Marcoux | Differences between native and non-native Lombard speech in terms of pitch range[END_REF] reported the non-native Lombard speech in terms of F0 range by examining native speakers of Dutch whose Lombard speech showed the influence of their native language. Previous studies warrant an investigation of the impact of noise on L2 speech production and remedial strategies if any by L2 learners.

STUDY DESIGN

This study aimed to investigate universality and embodiments of the Lombard effect by comparing native and non-native speech production under noise. To this end, we examined the Lombard effect in Chinese learners' English-as-an-L2 (ESL) speech production under noise, in terms of phonetic realizations of vowels, consonants, and lexical stresses. Much research has been devoted on ESL acquisition of suprasegmentals by learners whose native rhythmic mechanisms differ. Chinese learners are known to have difficulties in mastering English lexical stresses. In this study, we intended to examine the presence of Lombard effect in Chinese speakers' ESL production in noise with a reference to their L1. In other words, if L2 phonetic patterns by Chinese speakers shows any variation in noise from that in quiet, and any difference from their L1 production. As L2 learners may lack experience in dealing with degraded speech signals or selfmonitoring under adverse conditions, whichever patterns of interlanguage or L1 transfer they show in their L2 speech in a quiet condition may not be fully maintained under noise. L2 learners' phonetic performance, if different from that of native speakers in quiet, would remain different if not more distant in babble noise, because of the acoustic and verbal interference.

In order to elicit phonetic modification if any and for systematic comparison, we selected bisyllabic Chinese words varying in lexical tones and English words varying in the location of stress assignment. Altogether, we selected 18 Mandarin words, 30 Cantonese words, and 28 English words. The background noise in the noisy condition was synthesized from intensity-normalized babbles recorded in cafeteria and canteens. The babble noise was played out via loudspeakers at 76 dB while participants talked. Speech enhancement method using A Priori Signal-to-Noise Ratio [START_REF] Scalart | Speech enhancement based on a priori signal to noise estimation[END_REF] was adopted before acoustic analysis to filter out noise from speech signals. However, this method may suppress harmonics in speech signals during noise reduction, and thus cause undesirable degradation or normalization of intensity levels. Therefore, we did not include intensity in acoustic analysis, though it is an important cue to lexical stresses. The parameters to measure include duration of consonant, duration and peak F0 of vowel, the latter two of which were then fed to the formula below, where dk is duration or peak F0 of the kth syllable in a word, to calculate normalized pairwise-variability-index (nPVI) for stress realization. The nPVI reflects the degree and direction of contrastive stress across syllables in a word (Arciuli et al., 2014, Nolan and[START_REF] Nolan | The pairwise variability index and coexisting rhythms in language[END_REF]. A higher absolute nPVI indicates greater contrast between strong and weak syllables. nPVI = 100 × |(dk -dk+1) / ((dk + dk+1)/2)| We recruited three native speakers of Chinese who are experienced ESL users: two Mandarin speakers and one Cantonese speaker. They produced the word list in their L1 and then that in English, in both quiet and noisy conditions, totaling 300 trials. All recordings were then transcribed for phonetic analysis in Praat [START_REF] Boersma | Praat: Doing phonetics by computer (version 6.1.04)[END_REF].

For data analysis, we adopted linear mixed models in R (R Core Team, 2015) using the lme4 package [START_REF] Bates | Fitting linear mixed-effects models using lme4[END_REF]. A set of models was run with the tested acoustic parameters as dependent factors. The fixed factors were Condition (noise & quiet) and Language (L1 & L2) and the interaction between them. All models were specified for random intercept for Speaker and for Word. P-values were obtained by a likelihood-ratio-test in which the full model was compared to a model without the factor in question. If necessary, Tukey posthocs were conducted with the lsmeans package (Lenth and Hervao, 2008).

RESULTS AND DISCUSSION

Consonants

We measured duration of consonantal parts of all syllables. As presented in Table 1, consonants in noise were numerically shorter than their counterparts in L1 but sustained in L2. 

Vowels

We measured duration and peak F0 of vowels. As listed in Table 2, vowels under babble noise were much longer than their counterparts in the quiet condition (χ2(2)= 8.33, p = 0.01) in both L1 and L2. Chinese speakers' F0 did not change in L1, but was raised in L2 in both quiet and noise. The spectral changes in F0 however, were not significant. Furthermore, for both consonants and vowels, language (L1 and L2) was found to interact with speaking conditions (vowels: χ2 (2)= 30, p < 0.0001; consonants: χ2 (2)= 8.49, p = 0.014). In other words, Chinese speakers adjusted to noisy conditions well in their native tongues in a similar way, but not as successfully in their L2, showing more individual variations in phonetic modifications.

Lexical stresses

To further compare the Lombard effect in L1 and L2, we examined ESL production of lexical stresses by calculating nPVI using duration and peak F0 of vowels in strong and weak syllables. There were both trochaic and iambic words on the English word list, and thus SW and WS patterns.

In quiet condition, durational contrast in SW words is significantly smaller than that in WS ones, and the pattern is maintained under noise. The variation pattern between trochaic and iambic words is consistent with previous findings [START_REF] Li | Phonetic cues of lexical stress in Chinese learner English[END_REF]. But the mean range in SW words slightly shrinks under noise. Moreover, nPVI of vowel duration showed no general difference for either SW or WS syllables in quiet or noisy conditions, as shown in Figure 1.

General Discussion

Results from acoustic analysis reveal patterns of modification in Lombard speech by Chinese speakers. In general, consonants were not lengthened as much as vowels were in noise. The temporal increment in vowel production under noise is significant in both L1 and L2. The nPVI reveals that durational contrast of syllables in trochaic words was weakened, suggesting durational lengthening may have been applied to all syllables. Chinese speakers' F0 in L1 was the same in quiet and noise, which is expected in tonal languages. Interestingly, their peak F0 was raised when producing English in quiet and further in the noise condition.

The tendency of modification in F0 and duration echoes previous findings that Chinese ESL learners may use a falling tone to signal a stress or apply a high tone overall while lengthening a stressed syllable [START_REF] Lai | Acoustic Realization and Perception of English Lexical Stress by Mandarin Learners[END_REF][START_REF] Zhang | Acoustic characteristics of English lexical stress produced by native Mandarin speakers[END_REF]. In our study, Chinese ESL users adopted both temporal and spectral methods in achieving the phonetic contrast between strong and weak syllables, which were sustained under noise. The slight weakening of contrast in terms of vowel duration in SW words prompts certain impact of noise on temporal adjustment. Noise may have distracted the speakers' attention to phonetic details. They engaged much effort in filtering out interference from noise and that from linguistic cues in babbles. Cognitive load in maintaining clear speech may have been too demanding for nonnative users to allot sufficient attention to phonetic accuracy at a higher-level in the target language. There is, however, another interpretation of the changes to phonetic contrast under noise. Chinese speakers could have realized the impact of noise on their speech and thus adopted the general strategy of cue enhancement, including F0 increment and vowel lengthening in L2 and in noise. Compensation to signal degradation may override that to phonetic cues, therefore their modification was implemented in an overall manner on all syllables, softening the contrast between strong and weak syllables rather than maintaining or lest enhancing it.

SUMMARY

This study investigated effects of noise on L2 production of segments and suprasegmentals by comparing phonetic correlates of consonants, vowels and lexical stresses by Chinese ESL users in quiet and in noise. Results confirmed Lombard effects in Chinese speakers' L1 and L2 production. Modification in amount and strength is observed more in vowels than consonants in noise, which is consistent with [START_REF] Junqua | The Lombard reflex and its role on human listeners and automatic speech recognizers[END_REF] that reported greater Lombard effect in native speakers' production of vowels than in that of consonants. Moreover, in contrast to some previous studies [START_REF] Junqua | The Lombard reflex and its role on human listeners and automatic speech recognizers[END_REF][START_REF] Garnier | Influence of sound immersion and communicative interaction on the Lombard effect[END_REF], fundamental frequency (F0) was maintained under the noise condition in L1 Chinese but slightly raised in L2 English. This finding confirms L1 influence in ESL speech production and language-specific strategies in phonetic modifications in Chinese and English. ESL data also suggest a potential trade-off relation between responses to general speech degradation and modification to fine phonetic details. But this hypothesis should be examined using wellcontrolled tonal contexts since Chinese (both Cantonese and Mandarin) is a tone language. Future research could test hypotheses of our study using more acoustic parameters and recruiting a larger pool of speakers.

ACKNOWLEDGEMENT

This study is supported by EDB(LE)/P&R/EL/175/12 from SCOLAR of Hong Kong and by Project 6391207 from the UGC T&L Scheme.

BIBLIOGRAPHY

Figure 1 :

 1 Figure 1: nPVI for vowel duration (upper panel), and peak F0 (lower panel) of English words produced by Chinese speakers in noise and in quiet.

Table 1 .

 1 Mean duration of consonants. (Values in brackets are standard deviation)

		Language	Condition	Mean (SD) P value
	Duration	L1	Quiet	96.1 (47.3)	0.24
	(ms)		Noise	90.2 (47.8)	
		L2	Quiet	113.2(51.4)	0.92
			Noise	113.2 (53)	
	P-values were determined by least-squares means comparison
	using the lsmeans package in R.		

Table 2 .

 2 Mean duration and peak F0 of vowels. (Values in brackets are standard deviation) P-values were determined by least-squares means comparison using the lsmeans package in R.

		Language Condition Mean (SD)	P value
	Duration	L1	Quiet	158.4(61.4)	0.04
	(ms)		Noise	167.6(62.5)	
		L2	Quiet	123.3(64.2)	0.03
			Noise	133.4(65.6)