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Abstract. While evidence shows that interlingual cognates can enhance cross-

language phonetic assimilation in production, it is reasonable to assume that 

interlingual homophones can enhance cross-language phonological interference. 

Distinct from cognates, interlingual homophones do not share semantic content, 

which may affect the degree of co-activation observed across languages. The present 

study examines this hypothesis in a group of bidialectal speakers, whose lexicon 

consists of a large number of inter-dialectal homophones. Productions of Chengdu 

Mandarin tones by Chengdu Mandarin and Standard Mandarin speakers were 

examined in a word naming task. The results showed that bidialectal speakers’ native 

tone productions were influenced by their experience in speaking Standard Mandarin 

as well as the inter-dialectal homophone status of the lexical item. Additionally, both 

of these influences were modulated by the structure of the inter-dialect tone 

categories. The findings support the similarity between bidialectal and bilingual 

speech processing and provide novel evidence for bilingual speech models from the 

level of suprasegmental processing.  

Keywords. phonetic dissimilation; phonetic assimilation; tone production; bidialec-
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1. Introduction. Over the course of second language (L2) acquisition, people learn the sound

system of their target language by mapping the L2 sounds to acoustically similar sound catego-

ries in the first language (L1). This leads to the creation of a shared phonological system and

phonetic space where the L1 and L2 systems co-exist (Best 1995, Best & Tylor 2007, Flege

1995, Flege & Bohn 2021, Kuhl 1991, Kuhl et al. 1992). Since both systems co-exist in the same

space, mutual influence occurs, and the acquisition of an L2 sound system can reshape the native

phonetic categories. Most existing studies on the interaction between L1-L2 sound systems have

focused on segmental features (e.g., Flege , Schirru & MacKay 2003, MacKey et al. 2001, Ob-

sorne & Simonet 2021), and little is known about their interactions at the suprasegmental levels,

such as tones. Moreover, even fewer studies examine how the use of a second tonal system af-

fects the production of the first in bidialectal speakers. In this study we present data from

speakers of Chengdu Mandarin and Standard Mandarin to address this question.

1.1. L2 INFLUENCES ON L1 PRODUCTION. According to the Revised Speech Learning Model 

(SLM-r, Flege & Bohn 2021), there are two ways in which an L1 category can be affected by 

learning an acoustically similar L2 sound, potentially leading to the formation of a new L2 cate-

gory. If the perceived distance between the L2 sound and the closest L1 category is sufficient to 

form a new L2 category, the L1 category will drift away from the L2 category (L1-L2 dissimila-

tion) as speakers strive to maintain cross-language phonological contrast. Alternatively, if the 

perceived distance is not sufficient to form a separate category for the L2 sound, speakers will 
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form a composite category, in which L1 and L2 sounds will drift towards each other (L1-L2 as-

similation).  

Evidence for L1-L2 assimilation and dissimilation mostly came from studies investigating 

the acquisition of L2 stops that have voice-onset times (VOT) different from the L1 stops. For 

example, most Romance languages like Spanish or French are true voicing languages, in which 

the voiced stops are pre-voiced and the voiceless stops have a short-lag VOT (e.g., Abramson & 

Lisker, 1973; Flege & Eefting, 1986). On the other hand, aspiration languages, such as English, 

have voiced stops characterized by a short-lag VOT and voiceless stops by a long-lag VOT (e.g., 

Cho & Ladefoged 1999, Lisker & Abramson, 1964). In a study of Italian-English bilinguals, 

MacKay et al. (2001) reported an L2 effect on the production of L1 stops. Specifically, the re-

searchers found that Italian-English bilinguals whose production of English voiced stops was 

more target-like had less pre-voicing (more English-like) in their Italian voiced stops. The results 

suggested an assimilation pattern to English voiced stops of the participants’ native voiced stops.  

On the other hand, Osborne and Simonet (2021) examined the productions of Portuguese 

stops by a group of monolingual speakers and a group of Portuguese English learners. The re-

sults showed that the Portuguese English learners’ productions of the voiced stops had longer 

pre-voicing (more Portuguese-like) than those of their monolingual counterparts, suggesting an 

effect of dissimilation between Portuguese and English voiced categories (also see Flege & Eeft-

ing, 1987). L1-L2 dissimilation has also been observed in the acquisition of vowels. Flege, 

Schirru, and MacKay (2003) examined the production of the English [eI], which has more for-

mant movements than the Italian [e], by four groups of Italian-English bilinguals who differed 

regarding the age of arrival in Canada and the frequency of continued Italian use after arrival. 

The results showed that while the groups of late arrivals produced the English vowel in an Ital-

ian-like way, the early arrival group who used Italian less frequently produced the English [eI]

with more formant movements than the native English control group.  

In summary, these results suggest that category dis/assimilation patterns is influenced by 

factors other than mere acoustic distances, and such factors include the age of arrival to the coun-

try where L2 is spoken, the age of L2 onset, the frequency of use for each language, and the 

quantity and quality of L2 input (Flege & Bohn, 2021). However, most of the existing studies 

have focused on the production of consonants or vowels, and little attention has been paid to how 

category dis/assimilation effects might play out at the suprasegmental level. Therefore, it is yet 

unclear whether such predictions can be applied to the acquisition of a novel tonal system and 

what influence it can have on the native tonal categories.   

1.2. LEXICAL EFFECTS ON BILINGUAL ACOUSTIC REALIZATION. If the two languages share one 

mental lexicon of a bilingual, the acoustic realization of one language may also be influenced by 

higher-level processes, as there can be an interaction between the phonological/phonetic and the 

lexical levels’ representations in bilinguals’ mental lexicon (Gollan, Forster & Frost, 1997). Re-

cent studies on cognate effects have shown that L1-L2 assimilation is enhanced in interlingual 

cognates (Brown & Harper 2009, Mora & Nadeu 2012). For example, Amengual (2012) showed 

that Spanish-English bilinguals produced Spanish [t] with longer VOT (more English-like) at the 

onset of interlingual cognates than in Spanish-specific words. This cognate effect on bilingual 

acoustic realizations may be accounted for by the co-activation of both L1 and L2 phonetic rep-

resentations via the overlapping semantic representation.   

Unlike cognates, which share similar phonological and semantic representations across two 

languages, interlingual homophones have overlapping phonological forms but different semantic 

representations between the two languages. The effects of interlingual homophones on bilingual 
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acoustic realizations, however, have yet to be explored. Two possible effects can be hypothe-

sized based on the assumption of a shared bilingual lexicon. First, like cognates, if the phonetic 

representation of the irrelevant language is co-activated by the shared phonological representa-

tion of homophones across the two languages, L1-L2 assimilation may be enhanced. Specifically, 

the acoustic realization of interlingual homophones in the L1 may assimilate to acoustic features 

of the L2. On the other hand, because homophones have different meanings between the two 

languages, bilingual speakers thus may seek to maintain or increase the acoustic distance be-

tween the acoustic realizations across the two languages, hence leading to L1-L2 dissimilation in 

homophones.   

The current study tests the effects of using a second tonal system on the native tonal catego-

ries, as well as the effects of homophones on the interaction between two tonal systems with a 

group of Chengdu Mandarin and Standard Mandarin bidialectal speakers. This population is an 

ideal target to explore these questions. First, speech processing of bidialectal speakers is similar 

to that of bilingual speakers, as both populations have two sound systems in a shared phonetic 

space. Second, both of the Mandarin dialects are tonal; therefore, bidialectal speakers of these 

two dialects have two tonal systems established in their mental lexicon. Third, the segmental 

systems of these two dialects overlap to a great degree, resulting in a large number of inter-

dialectal homophones that only differ on fine-grained acoustic features at the suprasegmental 

level.  

2. Language background. Standard Mandarin (SM) is a standardized variety based on Beijing 

Mandarin, the local variety spoken in the capital of China. It has been promoted as the official 

variety across the country since 1956 (Tang, 2017). Chengdu Mandarin (CM) is a Mandarin dia-

lect spoken in Chengdu, a city in Southwestern China. Due to the widespread imposition of SM 

across China, most CM speakers are also fluent in SM, therefore, bidialectal speakers of CM and 

SM.  

Both CM and SM have four tone categories, referred to as T1, T2, T3, and T4. The four tone 

categories have cross-dialectal one-to-one phonemic correspondence; that is, if a word is in T1 in 

SM, in most cases it is also in T1 in CM. However, each tone category has different phonetic 

realizations between the two dialects (He 2015, Yip 2002). As shown in Figure 1, T1 is realized 

with a high level pitch contour in SM but a high rising pitch contour in CM, T2 is realized with a 

high rising pitch contour in SM but a low falling pitch contour in CM, T3 is realized with a dip-

ping (falling-and-rising) pitch contour in SM but a high falling pitch contour in SM, and T4 is 

realized with a high falling pitch contour in SM but a dipping pitch contour in CM.   

 

Figure 1. Relative pitch values of the four tone categories in SM (Yip, 2002) and CM (He, 2015).  
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Critically, it can be noted that there are pairs of tones that have similar acoustic features 

across the two dialects but are in different categories. Specifically, both SM-T2 and CM-T1 have 

a high rising pitch contour, SM-T4, CM-T2 and CM-T3 have a falling pitch contour, and both 

SM-T3 and CM-T4 have a dipping pitch contour. However, this similarity in pitch contour does 

not necessarily mean that they are identical in acoustic details. Moreover, the two dialects have a 

great degree of overlap in the segmental system (Cheng 1997, Tang &van Heuven 2015), result-

ing in a large volume of inter-dialectal homophones that may only contrast in fine-grained pitch 

information. Therefore, it is reasonable to suggest that using SM more frequently may encourage 

bidialectal CM-SM speakers to increase the phonetic distance between those similar tones to 

maintain cross-dialect phonological contrast, and this dissimilation effect may be modulated by 

inter-dialectal homophone status of the lexical item.  

3. Experiment method.  The current study investigated the effects of the tonal system in a sec-

ond dialect on the tonal categories in the speaker’s native dialect in a word-naming task. 

Specifically, the study addressed three research questions: (i) Are there fine-grained phonetic 

differences between the cross-dialectally similar tones? (ii) Are CM-SM bidialectal speakers’ 

productions of CM tones affected by their experience in using SM? (iii) Are CM-SM bidialectal 

speakers’ productions of CM tones affected by the homophone status of the lexical item? 

3.1. PARTICIPANTS. 21 CM-SM bidialectal speakers (15 females, 6 males) and 16 SM monodi-

alectal speakers (13 females, 3 males) participated in the study. The bidialectal group was 

recruited in Chengdu, and the monodialectal group was recruited in Beijing. The average age 

was 33.49 (SD = 5.53) for the bidialectal group and 26.37 (SD = 3.17) for the monodialectal 

group. All participants in the bidialectal group identified CM as their first dialect and SM as their 

second dialect. The range of onset age of SM for the bidialectal group was from 1 to 13, with the 

average being 4.78 (SD = 3.84). All participants in the monodialectal group identified SM as 

their native dialect and the only Mandarin dialect that they spoke. On a scale of 1 to 5, where 1 

indicated no knowledge at all and 5 indicated native competence, the mean self-reported listen-

ing proficiency in SM was 4.76 (SD = 0.54) for the bidialectal group and 4.88 (SD = 0.32) for the 

monodialectal group, and the mean self-reported speaking proficiency in SM was 4.46 (SD = 

0.95) for the bidialectal group and 4.88 (SD = 0.32) for the monodialectal group. For the bidi-

alectal group, their self-reported proficiency in CM was 4.87 (SD = 0.33) for listening and 4.87 

(SD = 0.33) for speaking. No participants reported any language or cognitive impairments.  

3.2. WORD NAMING TASK MATERIALS. 52 monosyllabic sets were selected for the word naming 

task. Each set contained four stimuli with the same segmental construction but with different 

tone categories (T1, T2, T3, T4). The monosyllables were selected such that (i) there was no 

phonological or phonotactic difference between SM and CM, and (ii) each stimulus was a legal 

combination of tone and segments in both SM and CM. In total, 208 tonal monosyllables (52 

syllables x 4 tones) were selected for the production task. Within the 52 monosyllabic sets, 32 

sets had identical segmental phonetics between CM and SM and comprised the inter-dialectal 

homophone sets. Twenty sets were non-homophones where there were phonetic differences in 

either the consonants or vowels between CM and SM.  

Because Mandarin dialects share one writing system (Tang, 2017), orthographic forms were 

chosen to present the stimuli to the participants. Due to the large number of homophones in 

Mandarin dialects, each tonal syllable is usually associated with multiple words, thus, multiple 

orthographic forms. Therefore, the most frequent orthographic form was chosen for each tonal 

monosyllable based on the Chinese lexical database (Sun et al., 2018), so participants would not 
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have difficulty recognizing the words in their writing forms. The stimuli were further checked 

manually by the researcher who is a native CM-SM speaker to make sure each orthographic form 

has only one pronunciation in SM and CM. A sample of monosyllabic words used in the word 

naming task is provided in Table 1.  

 Syllable T1 T2 T3 T4 

Homophones 

[pa] 
巴 

“a place name” 

拔 

“to pull” 

把 

“to hold” 

霸 

“to dominate” 

[feɪ] 
非 

“not” 

肥 

“fat” 

匪 

“bandit” 

费 

“to cost” 

Non-homophones 

SM: [tɕje] 

CM: [tɕɛ] 
阶 

“step” 

结 

“knot” 

解 

“to solve” 

界 

“boundary” 

SM: [fɑŋ] 

CM: [faŋ] 
方 

“square” 

房 

“house” 

访 

“to visit” 

放 

“to put” 

Table 1. Sample monosyllabic words in the word naming task. 

To decrease the potential fatigue of the participants and guarantee the recording quality, the 

monosyllable sets were randomly divided into two lists. Half of the participants were given List 

1 and the other half List 2. Therefore, each participant produced 104 tonal monosyllabic tokens.  

3.3. LANGUAGE BACKGROUND SURVEY. Participants’ language background information was col-

lected via an adapted version of the Language History Questionnaire (LHQ, Li, Sepanski & Zhao, 

2006). As the LHQ was designed specifically for multilingual speakers, modifications to the 

questions were made to gather information on dialect use. Most relevant to the purpose of the 

current study, the modified questionnaire asked participants the daily proportions of using each 

of their language varieties in different social contexts (e.g., at home, at work, outside).  

3.4. PROCEDURE. The study was conducted online via Gorilla (Anwyl-Irvine et al., 2020) and 

approved by the Institutional Review Board of the University of Iowa. Prior to the word naming 

task, a microphone check took place, requiring participants to record a sentence, listen to the 

playback, and check if the microphone on their devices worked properly.  

After the microphone check, the participants were presented with the recording instruction, 

which asked them to read the written character visually presented in each trial in either CM or 

SM depending on the participant’s group identity. Each experimental session had four blocks, 

with 26 trials each. In each trial, a cross appeared in the center of the screen for 300ms, followed 

by a monosyllabic stimulus in its orthographic form. The visual stimulus was presented for 5s, 

during which the participants were instructed to read the word clearly with their normal speaking 

speed and repeat the word as many times as possible without overlap between any two consecu-

tive productions. The recording started automatically at the onset of the visual stimulus display 

and lasted for 5s. Then, the study automatically proceeded to the next trial. The stimuli in each 

list were randomized across and within the four blocks.  

After the word naming task, participants filled out the modified Language History Question-

naire.  

4. Analysis and results.  

4.1. ACOUSTIC DATA PROCESSING AND ANALYSES. The production data were processed in Praat 

(Boersma & Weenink, 2023) to extract the acoustic features. For each token, the voiced portion 

was selected, which was then equally divided into ten intervals. For each interval, the average 

fundamental frequency (F0) was extracted. Therefore, for each production token, there was a 
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sequence of 10 F0 values, each indicating the pitch height of one of the ten normalized time 

points. The acoustic data were further processed and analyzed in R version 4.3.2 (R Core Team, 

2023). To correct the data distribution for normality, the F0 values were log-transformed. The 

logarithms were standardized for each participant to control individual variations resulting from 

physiological factors such as age and gender.  

Statistical analyses of F0 (standardized log F0) were carried out with growth curve analysis 

(Mirman, 2014) using the R package LmerTest (Kuznetsova, Brockhoff, & Christensen, 2017). 

In the analysis, the curve of the standardized log F0 of a monosyllabic token was modeled with 

first- and second-order orthogonal polynomials of time terms, because the most complex tones in 

the dialects have a falling-and-rising curve. Three time terms were of interest: the intercept, and 

the linear and quadratic terms of time, which indicated the monosyllable’s average pitch height, 

the direction of the pitch change, and the curvature of the pitch curve, respectively. Random ef-

fects were conditioned on both participant and segmental syllable, including random intercepts 

and random slopes for all terms in the fixed effects of the model, to control for individual- and 

item-based variability. Stepwise backward selection was used to remove overfitting random ef-

fects until each model converged.   

4.2. ACOUSTIC DIFFERENCES BETWEEN SIMILAR TONES ACROSS THE TWO DIALECTS. Separate 

mixed-effects polynomial regression models were fitted to the four pairs of between-dialect simi-

lar tones, investigating the effects of dialect and its interaction with time terms on the 

standardized log F0. Dialect was a categorical variable with two levels (CM, SM), indicating 

which dialect the tone in each pair belonged to. This variable was dummy-coded, with SM coded 

as 1 and CM coded as 0. The full reports of the fixed effects of the four models are provided in 

Table 2.  
 

Standardized log F0 

 CM-T1 vs. SM-T2 CM-T2 vs. SM-T4 CM-T3 vs. SM-T4 CM-T4 vs. SM-T3 

Predictors β (SE) t β (SE) t β (SE) t β (SE) t 

(Intercept) 0.46*** 

(0.04) 

11.31 -0.33*** 

(0.04) 

-8.63 0.03 

(0.05) 

0.59 -0.49*** 

(0.06) 

-8.10 

Time [1] 36.32*** 

(1.92) 

18.96 -74.65*** 

(2.34) 

-31.85 -111.05*** 

(3.35) 

-33.17 30.15*** 

(2.00) 

15.08 

Time [2] -17.65*** 

(1.67) 

-10.55 2.52 

(2.21) 

1.14 -33.35*** 

(2.46) 

-13.53 19.04*** 

(1.90) 

10.01 

Dialect [SM] -0.45*** 

(0.06) 

-8.15 0.12* 

(0.06) 

2.00 -0.25*** 

(0.06) 

-4.03 -0.35*** 

(0.08) 

-4.19 

Time [1] x Dialect 10.33*** 

(1.27) 

8.16 -33.59*** 

(2.09) 

-16.08 2.61 

(2.60) 

1.00 -10.46*** 

(1.82) 

-5.76 

Time [2] x Dialect 26.28*** 

(1.26) 

20.80 -21.65*** 

(1.99) 

-10.89 13.53*** 

(2.45) 

5.53 30.45*** 

(1.84) 

16.59 

Observation 21856 20039 18447 17877 

Marginal/Conditional R2 0.247 / 0.349 0.296 / 0.335 0.290 / 0.326 0.136 / 0.219 

Model structure: LogF0Std ~ poly(Time, 2) * Group + (1|Participant) + (1+poly(Time,2)|Segments) 

Note: *p < .05; **p < .01; ***p < .001 

Table 2. Results of the fixed effects in the polynomial models fitted to tone pairs that are acousti-

cally similar between CM and SM.    

As shown in Table 2, for all tone pairs, the model found a significant effect of dialect, and 

significant interactions between dialect and the first order of time term (except for the model of 

the two high falling tones, CM-T3 vs. SM-T4), and between dialect and the second order of time 
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term. These results suggest that for all pairs, similar tones differed from each other regarding the 

average pitch height, the direction of the slope (except between CM-T3 and SM-T4), and the 

curvature of the slope. Model predictions are plotted in Figure 2. 

 

Figure 2. Standardized log F0 of the cross-dialectally similar tones. The lines indicate the dialect-

level results predicted by the models reported in Section 4.2. The dots are descriptive values of 

individual participants. 

Follow-up models were then fitted to each tone in each pair.1 The models found that for the 

two rising tones, CM-T1 had a larger intercept (CM-T1: β = 0.45, SE = 0.05, t = 9.90; SM-T2: β 

= 0.02, SE = 0.04, t = 0.45), a smaller linear coefficient (CM-T1: β = 24.91, SE = 2.01, t = 12.42; 

SM-T2: β = 33.46, SE = 1.46, t = 22.84), and a negative quadratic coefficient (CM-T1: β = -

12.45, SE = 0.99, t = -12.58); for SM-T2, the quadratic coefficient was positive (SM-T2: β = 

5.81, SE = 1.54, t = 3.76). For the two falling tones, CM-T2 had a smaller intercept (CM-T2: β = 

-0.36, SE = 0.05, t = -7.15; SM-T4: β = -0.22, SE = 0.04, t = -5.36) and a larger negative linear 

coefficient (CM-T2: β = -53.54, SE = 1.80, t = -29.82; SM-T4: β = -79.36, SE = 2.79, t = -28.45) 

than SM-T4, and the models only found significant quadratic coefficient for SM-T4 (CM-T2: β = 

0.17, SE = 1.37, t = 0.12; SM-T4: β = -14.43, SE = 2.28, t = -6.32). For the other falling tones, 

CM-T3 had a larger intercept (CM-T3: β = 0.03, SE = 0.05, t = 0.50) and a smaller negative 

quadratic coefficient (CM-T3: β = -22.49, SE = 1.88, t = -11.95) than SM-T4. Lastly, for the two 

dipping tones, The models found CM-T4 had a larger intercept (CM-T4: β = -0.48, SE = 0.06, t = 

-7.81; SM-T3: β = -0.83, SE = 0.07, t = -12.76), a larger linear coefficient (CM-T4: β = 30.53, SE 

 
1
 Follow-up models were mixed-effects orthogonal polynomial models with the same as the models reported in 

Table 2 without the modulating effect of dialect.  



 

 8 

= 1.38, t = 14.85; SM-T4: β = 14.42, SE = 1.94, t = 7.42), and a smaller quadratic coefficient 

(CM-T4: β = 12.51, SE = 1.17, t = 10.65; SM-T3: β = 35.97, SE = 1.80, t = 20.00) than SM-T3.  

In summary, the results suggest that i) CM-T1 had a higher average pitch height and a flatter 

rising slope than SM-T2, and CM-T1 had a concave curve whereas SM-T2 had a convex curve 

(Figure 2A); ii) CM-T2 had a lower average pitch height and a flatter falling slope than SM-T4, 

and CM-T2 approximated a linear line whereas SM-T4 had a concave curve (Figure 2B); iii) 

CM-T3 had a higher average pitch and a narrower concave than SM-T4 (Figure 2C); and iv) 

CM-T4 had a higher average pitch, a steeper rising slope, and a wider convex than SM-T3 (Fig-

ure 2D). 

4.3. THE EFFECTS OF SM EXPERIENCE ON FIRST DIALECT (D1) CM TONE PRODUCTIONS. Individual 

analyses were carried out for the data of CM-SM participants to investigate how the experience 

of using SM can affect CM-native speakers’ CM tone productions. The daily proportion of SM 

use was served to quantify CM-SM bidialectal participants’ SM experience. Participants’ daily 

SM use proportions were collected via the modified LHQ (Li, Sepanski & Zhao, 2006) in three 

different social contexts (i.e., at home, at work, and outside), and the individual average propor-

tion across the three contexts was used for the analysis. At the group level, the CM-SM 

bidialectal participants used SM 31% of the time (SD = 0.18) with a range between 0% and 68%. 

Separate mixed-effects polynomial regressions were fitted to the data of CM-SM partici-

pants, predicting the effects of first- and second-orders of time and their interactions with SM use 

proportion on the standardized log F0 of each CM tone. The full reports of the fixed-effects of 

the four models are provided in Table 3. As shown in Table 3, for all CM tones, the model found 

significant main effects of SM use proportion and/or its interaction with time terms, suggesting 

that for each CM tone, SM use proportion had effects on the realization of the average pitch 

height, the direction of the slope, or the curvature of the slope.  
 

Standardized log F0 

 CM-T1  CM-T2 CM-T3 CM-T4 

Predictors β (SE) t β (SE) t β (SE) t β (SE) t 

(Intercept) 0.59*** 

(0.07) 

8.02 -0.48*** 

(0.08) 

-6.05 0.09 

(0.09) 

0.91 -0.68*** 

(0.09) 

-7.36 

Time [1] 47.27*** 

(2.29) 

20.67 -38.08*** 

(2.28) 

-16.68 -83.61*** 

(4.36) 

-19.17 16.55*** 

(1.97) 

8.40 

Time [2] -4.23** 

(1.54) 

-2.74 9.57*** 

(1.89) 

5.06 -17.35*** 

(2.83) 

-6.14 15.41*** 

(1.89) 

8.13 

SM proportion -0.46* 

(0.20) 

-2.30 0.41 

(0.21) 

1.93 -0.19 

(0.26) 

-0.73 0.67* 

(0.26) 

2.59 

Time [1] x SM proportion -73.60*** 

(3.85) 

-19.10 -48.94*** 

(4.40) 

-11.13 33.36*** 

(7.34) 

4.55 11.11** 

(4.27) 

2.60 

Time [2] x SM proportion -26.76*** 

(3.81) 

-7.02 -29.55*** 

(4.24) 

-6.96 -16.66* 

(6.97) 

-2.39 -8.15 

(4.28) 

-1.91 

Observation 10701 10106 8514 8840 

Marginal/Conditional R2 0.160 / 0.236 0.327 / 0.391 0.269 / 0.335 0.115 / 0.208 

Model structure: LogF0Std ~ poly(Time, 2) * SM_Prop + (1|Participant) + (1+poly(Time,2)||Segments) 

Note: *p < .05; **p < .01; ***p < .001 

Table 3. Results of the fixed effects in the polynomial models fitted to CM tone productions as a 

function of time terms and SM use proportion. 

To analyze the interaction effects, CM-SM bidialectal participants were divided into two 

groups by SM use proportion. Participants whose SM use proportion was greater than the group 
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average were labeled as the “More SM” group, and those with SM proportion less than the group 

average were labelled as the “Less SM” group. The model predictions are plotted in Figure 3. 

 

Figure 3. The effects of SM proportion of CM-SM bidialectal speakers’ CM tone productions. 

The lines indicate the group-level (Less SM vs. More SM) results predicted by the models re-

ported in Section 4.3. The dots are descriptive values of individual participants.  

Follow-up models were fitted to each CM tone for each group.2 For CM-T1, the models re-

vealed a smaller intercept (More SM: β = 0.40, SE = 0.06, t = 6.41; Less SM: β = 0.51, SE = 

0.06, t = 8.59), a smaller linear coefficient (More SM: β = 12.16, SE = 2.38, t = 5.12; Less SM: β 

= 23.66, SE = 0.88, t = 26.78), and a smaller negative quadratic coefficient (More SM: β = -

12.81, SE = 1.09, t = -11.72; Less SM: β = -4.48, SE = 0.78, t = -5.74) for the More SM group 

than the Less SM group. For CM-T2, the models found a smaller negative linear coefficient 

(More SM: β = -45.52, SE = 1.37, t = -33.2; Less SM: β = -26.39, SE = 2.01, t = -13.11) for the 

More SM group than the Less SM. In addition, the models found a significant quadratic coeffi-

cient only for the Less SM group (More SM: β = -1.41, SE = 1.10, t = -1.28; Less SM: β = 3.32, 

SE = 1.58, t = 2.10). For CM-T3, the models found a smaller negative linear coefficient (More 

SM: β = -55.80, SE = 3.15, t = -17.74; Less SM: β = -49.65, SE = 3.32, t = -14.95) and a smaller 

negative quadratic coefficient (More SM: β = -18.24, SE = 1.68, t = -10.87; Less SM: β = -13.40, 

SE = 2.03, t = -6.59) for the More SM group than the Less SM group. For CM-T4, the models 

found a larger intercept (More SM: β = -0.39, SE = 0.07, t = -5.61; Less SM: β = -0.59, SE = 

0.07, t = -8.04) and a larger linear coefficient (More SM: β = 15.54, SE = 1.33, t = 11.66; Less 

SM: β = 13.48, SE = 1.06, t = 12.72) for the More SM group than the Less SM group.  

 
2
 Follow-up models were mixed-effects orthogonal polynomial models with the same structure as the models report-

ed in Table 3 without the modulating effect of SM proportion. 
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These results suggest that compared to the Less SM group, the More SM group produced i) 

CM-T1 with a lower average pitch, a flatter rising slope, and a narrower concave shape (Figure 

3A), ii) CM-T2 with a steeper and more linear falling slope (Figure 3B), iii) CM-T3 with a 

steeper falling slope and a narrower concave shape (Figure 3C), and iv) CM-T4 with a higher 

average pitch and a narrower convex shape (Figure 3D). Compared to the acoustic differences in 

the CM and SM tone pairs reported in Section 4.3, the productions of CM-T1, -T3, and -T4 by 

the More SM group exhibited characteristics more similar to the corresponding CM tones, 

whereas their productions of CM-T2 exhibited characteristics more similar to SM-T4. In sum-

mary, the CM-T1, -T3, and -T4 produced by the CM-SM bidialectal speakers who used SM 

more frequently were dissimilated from the corresponding SM tones (more CM-like), whereas 

their CM-T2 was assimilated to SM-T4 (less CM-like), compared to the bidialectal  speakers 

who used SM less frequently (i.e., more dominant in CM). 

4.4. THE EFFECTS OF HOMOPHONE STATUS ON CM TONE PRODUCTIONS. Separate mixed-effects 

polynomial regression models were fitted to the CM-SM bidialectal participants’ production data, 

predicting the standardized log F0 by the inter-dialectal homophone status of the lexical items 

and its interaction with the first- and second-orders of time terms. Homophone status was a cate-

gorical variable with two levels (homophone, non-homophone), and it was dummy-coded.  

Homophones were coded as 1 and non-homophones were coded as 0. The full reports of the 

fixed-effects of the models are provided in Table 4.  
 

Standardized log F0 

 CM-T1  CM-T2 CM-T3 CM-T4 

Predictors β (SE) t β (SE) t β (SE) t β (SE) t 

(Intercept) 0.49*** 

(0.05) 

9.13 -0.24*** 

(0.06) 

-4.32 0.07 

(0.06) 

1.11 -0.39*** 

(0.07) 

-5.53 

Time [1] 22.00*** 

(3.21) 

6.85 -51.96*** 

(2.84) 

-18.30 -65.96*** 

(5.99) 

-11.00 21.17*** 

(2.23) 

9.49 

Time [2] -14.72*** 

(1.56) 

-9.44 -0.89 

(2.17) 

-0.41 -19.27*** 

(2.91) 

-6.62 13.35*** 

(1.89) 

7.05 

Homophone -0.06 

(0.05) 

-1.26 -0.19*** 

(0.05) 

-4.09 -0.07 

(0.06) 

-1.32 -0.14* 

(0.06) 

-2.37 

Time [1] x Homophone 4.72 

(4.10) 

1.15 -2.63 

(3.67) 

-0.72 -12.48 

(7.70) 

-1.62 -1.07 

(2.86) 

-0.37 

Time [2] x Homophone 3.70 

(1.99) 

1.86 1.74 

(2.81) 

0.62 -5.58 

(3.79) 

-1.47 -1.38 

(2.43) 

-0.57 

Observation 10701 10106 8514 8840 

Marginal/Conditional R2 0.117 / 0.239 0.315 / 0.389 0.262 / 0.331 0.107 / 0.228 

Model structure: LogF0Std ~ poly(Time, 2) * Homophone + (1|Participant) + (1+poly(Time,2)|Segments) 

Note: *p < .05; **p < .01; ***p < .001 

Table 4. Results of the fixed effects in the polynomial models fitted to CM tone productions as a 

function of time terms and homophone status of the lexical item. 

As shown in Table 4, the model revealed a significant main effect of homophone for CM-T2 

(β = -0.19, SE = 0.05, t = -4.09) and CM-T4 (β = -0.14, SE = 0.06, t = -2.37). In addition, the 

model found a marginal interaction effect between homophone and the second-order time term 

(β = 3.70, SE = 1.99, t = 1.86) for CM-T1, suggesting homophone status had an effect on the 

curvature of the pitch slope for CM-T1. Follow-up models found a larger negative quadratic co-
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efficient for CM-T1 homophones (β = -8.65, SE = 1.00, t = -8.65) than non-homophones (β = -

9.12, SE = 0.94, t = -9.67).3 To exclude the possibility that the homophone effects were caused 

by segmental differences between the homophone and non-homophone stimuli, the same analy-

sis was applied to the SM productions by the SM monodialectal participants. No homophone 

effects were found in any SM tones. The model predictions are plotted in Figure 4. 

 

Figure 4. The effects of homophone status of CM-SM bidialectal speakers’ CM tone produc-

tions. The lines indicate the group-level (homophone vs. non-homophones) results predicted by 

the models reported in Section 4.4. The dots are descriptive values of individual participants.  

The results suggest that for CM-T1, homophones were produced with a wider concave than 

non-homophones (Figure 4A), and for CM-T2 and CM-T4, inter-dialectal homophones were 

produced with a lower average pitch than non-homophones (Figure 4B-C). No acoustic differ-

ences were found between homophones and non-homophones in SM tones (Figure 4D-F). 

Compared to the acoustic differences in the CM and SM tone pairs reported in Section 4.2, 

the results showed that homophones in CM-T1 and CM-T4 exhibited characteristics more similar 

to the corresponding SM tones, whereas homophones in CM-T2 exhibited characteristics more 

similar to CM-T2. Compared to the acoustic differences in the productions between the More 

SM and Less SM reported in Section 4.3, the results showed that the homophones exhibited 

characteristics more similar to the productions of the Less SM group. In summary, the acoustic 

realizations of inter-dialectal homophones by the bidialectal group were more consistent with the 

productions of bidialectal speakers who were more dominant in CM. In other words, it can be 

 
3
 Follow-up models were mixed-effects orthogonal polynomial models with the same structure as the models report-

ed in Table 4 without the modulating effect of homophone. 
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summarized that the dissimilation patterns exhibited in CM-T1 and CM-T4 were eliminated in 

homophones, but CM-T2 showed dissimilation patterns in homophones.   

5. Discussion. The current study examined the influence of using a second tonal system on the 

production of native tones in a word naming task with a group of bidialectal speakers of two 

Mandarin dialects. Three findings emerged regarding the research questions. First, the tone cate-

gories that have similar pitch contours between the two dialects are not acoustically identical. 

Second, for CM-SM bidialectal speakers, using SM affected their native production of CM tones. 

Lastly, inter-dialectal homophones showed an effect on bidialectal speakers’ production of CM 

tones. However, the direction of the effects varied among the CM tones.  

5.1. THE DISSIMILATION AND ASSIMILATION OF CM TONES. The finding that SM experience influ-

ences CM-SM bidialectal speakers’ productions of CM tones is in line with the predictions of 

SLM-r, which claims that the bilingual’s acoustic-phonetic system is malleable and responds to 

changes in experience across the life-span (Flege & Bohn, 2021). A closer examination of the 

results between the cross-dialectal tonal differences and the individual analysis on SM experi-

ence effects revealed that the productions of bidialectal speakers who used SM more frequently 

exhibited different dis/assimilation patterns across the four CM tone categories. Specifically, for 

CM-T1, -T3, and -T4, their productions showed acoustic features more similar to CM tones 

(more CM-like) than to SM-T2, SM-T4, and SM-T3, respectively; for CM-T2, their productions 

showed acoustic features more similar to SM-T4 (more SM-like). In other words, for bidialectal 

speakers who used SM more frequently, their native categories of CM-T1, -T3, and -T4 were 

dissimilated from the respective closest SM tones, but their native categories of CM-T2 were 

assimilated to the closest SM tone.  

Two possible accounts may explain the different dis/assimilation patterns among the CM 

tones, or, more specifically, why the assimilation pattern was uniquely exhibited in CM-T2. 

First, as SLM-r posits that category dissimilation or assimilation can be used as a test for whether 

a new category is formed for the L2 sounds, the assimilation pattern between CM-T2 and SM-T4 

might be explained as a failure in the formation of a separate category for SM-T4 by the CM-SM 

bidialectal speakers. This account, however, does not address the fact that we observed a dissimi-

lation pattern between CM-T3 and SM-T4; that is, based on the account of SLM-r, a separate 

category should have been formed for SM-T4 in a place close to CM-T3 in the acoustic-phonetic 

space. One possible explanation is that at the onset of SM acquisition, CM-native learners first 

perceptually map the SM-T4 to both CM-T2 and CM-T3. However, the perceptual distance be-

tween SM-T4 and CM-T2 may be shorter than that between SM-T4 and CM-T3. Consequently, 

during the development of the interlingual phonological system, SM-T4 and CM-T2 form a 

composite category while the link between SM-T4 and CM-T3 eventually sunders. Hence, the 

observed production differences in CM-T3 may be a dissimilation from the composite category 

of CM-T2 and SM-T4.  

The other possibility is that, given the acoustic differences between CM-T2 and SM-T4, 

bidialectal speakers do not map SM-T4 to CM-T2 at all. The assimilation pattern of CM-T2 ob-

served in the current study may actually be the result of CM-dominant speakers (the Less SM 

group) trying to maintain within-dialect phonological contrast between CM-T2 and CM-T3, as 

both of them have a falling contour. This account is plausible, given the significant differences in 

both pitch height and pitch contour between CM-T2 and SM-T4 reported in Section 4.1. More 

critically, the results suggest that the CM-T2 has a linear falling contour while SM-T4 exhibits a 

quadratic pitch curve, and native Mandarin speakers have been shown very sensitive to pitch 

contours as their native tones contrast mainly by pitch change (e.g., Francis et al. 2008, Gandour 
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1983). It should be noted that both of the two accounts are based on some assumptions of the 

perceptual distance among CM-T2, CM-T3, and SM-T4, which have not been tested yet. There-

fore, future studies are needed to examine how exactly bidialectal speakers perceptually map 

those tones, in terms of both within- and across-dialect tonal systems.  

5.2. THE EFFECTS OF INTER-DIALECTAL HOMOPHONES. Regarding the second research question, 

the results did show effects for inter-dialectal homophone status on the production of CM tones. 

However, the direction of the effects varied by the CM tone categories. Specifically, homo-

phones in CM-T1 and -T3 showed a pattern of assimilation to their respectively similar SM 

tones, whereas CM-T2 showed a pattern of dissimilation from SM-T4, and no homophone ef-

fects were found in CM-T4. Another possibility could be that the homophones in CM-T2, -T3, 

and -T4 were produced with characteristics that were in line with the productions of bidialectal 

speakers who were less influenced by SM experience.  

With the results from the individual analysis on the effect of SM experience on CM tone 

productions, it seems that the direction of the homophone effects depends on the dissimilation or 

assimilation patterns of CM tones. For instance, in the individual analysis in Section 4.2., both 

CM-T1 and -T3 were found to be dissimilated from SM-T2 and -T4, but their productions in 
homophones showed acoustic features more similar to these respective SM tones. On the other 
hand, CM-T2 was found to be assimilated to SM-T4 in Section 4.2., but its productions in homo-

phones showed acoustic features more salient in CM-T2.

Broadly speaking, the effects of homophones may be more complicated than we initially 

hypothesized as a binary enhancement of dissimilation or assimilation in bidialectal phonetic 

realizations. Instead, the results point to homophone effects that are dependent on the structure of 

the inter-dialectal phonetic categories. In other words, for CM tones for which a separate catego-

ry of SM tone is formed, the activation of SM phonetic features was increased in homophones, 

whereas for CM tones that form a composite category with an SM tone, the contrast between CM 

and SM tones is enhanced. However, it is still not clear why no homophone effects were found in 

CM-T4.

6. Conclusion. The current study examined the interaction between two established tonal sys-

tems with a group of bidialectal speakers. The results show that using a second tonal dialect and 
inter-dialect homophone status have an effect on speakers’ native tone categories, and both of 
these effects are modulated by the structure of the inter-dialect tonal system. The findings of the 
study support the similarity between bidialectal and bilingual speech processing and provide 
novel evidence for bilingual/bidialectal speech models that include the suprasegmental level.
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