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Phonological mergers offer a revealing window into perception-production relationships. 
While individual-level alignment has received growing attention in contexts of sound change 
and variation [2,5], less is known about how this relationship behaves when contrasts are 
socially stratified within a bilingual community. This study examines two mergers in a 
Quanzhou Southern Min (QSM)-Mandarin bilingual community: the /f/∼/x/ merger, 
associated with local Fujian identity but negatively evaluated locally as a marker of limited 
education, and /s/∼/ʂ/ merger, perceived as a broader southern accent feature. Using a 
perception-production design, we investigate whether perceptual discrimination predicts 
production behavior for each contrast, and whether this relationship is modulated by contrasts 
and by speaker characteristics such as Mandarin usage and generational exposure.  
METHOD: 58 QSM–Mandarin bilinguals (younger generation 18–30: 27; older generation 
31–55: 34) from Quanzhou, China completed a sentence-reading task and an ABX 
discrimination task. Production accuracy was assessed through an identification task in which 
10 L1 Mandarin listeners categorized target fricative productions from isolated words. For 
the ABX task, we compared perception of a control contrast /m/~/p/ (present in both 
languages: Two-Category Assimilation) to two target contrasts: /f/~/x/ (/f/ is assimilated to 
QSM /hw/ and /x/ to /h/: Category-Goodness Assimilation) and /s/~/ʂ/ (both assimilated to 
QSM /s/: Single-Category Assimilation).  
RESULTS: Production accuracy. For production, Mandarin fricatives present in the QSM 
inventory (/s/, /x/) were identified more accurately than absent ones (/f/, /ʂ/). Overall 
production accuracy was higher for /f/~/x/ than /s/~/ʂ/ (see Fig. 1). Perception accuracy. 
Both target contrasts showed significantly lower discrimination accuracy than the control 
contrast /m/~/p/ (/f/~/x/: β = −2.38, p < .001; /s/~/ʂ/: β = -2.88, p < .001), with /s/~/ʂ/ showing 
the lowest discriminability, in line with PAM predictions (see Fig. 2). Perception-production 
link. In an initial model, production accuracy increased with perceptual accuracy across 
contrasts (β = 0.62, p < .001; Fig. 3). Once contrast was included, the effect was no longer 
significant (β = 0.15, p = .07), and no perception × contrast interaction emerged (β = 0.02, p = 
.89), suggesting that the overall association reflects contrast-level differences. The three-way 
interaction between perceptual accuracy, contrast, and Mandarin usage was not significant 
(β = 0.08, p = .15), providing no evidence that any contrast-specific perception–production 
relationship is further modulated by Mandarin usage level. However, a significant three-way 
interaction between perceptual accuracy, contrast, and generational exposure (younger vs. 
older) emerged (β = 0.67, p < .05; Fig. 5), indicating that the perception–production 
relationship varies as a function of both phonological contrast and language experience. 
CONCLUSION AND DISCUSSION: The two Mandarin fricative contrasts differed in both 
perception and production in line with PAM predictions, with /s/~/ʂ/ showing lower 
discriminability and weaker production accuracy than /f/~/x/. Although perceptual accuracy 
initially predicted production accuracy, this effect was substantially reduced when contrast 
was included, suggesting the apparent link is largely driven by contrast-level differences. 
Crucially, the perception-production relationship was stronger for younger than older 
speakers, and this generational exposure asymmetry was contrast-specific, pointing to the 
role of ongoing language shift in shaping perception-production relationship. Future work 
should combine acoustic analyses with speaker-level modeling to disentangle individuals 
from community-level patterns.  



    
Fig 1: Percentages of two target contrasts (left: /f/~/x/; right: /s/~/ʂ/) productions across two vowel contexts by 
QSM--Mandarin bilinguals that were identified by L1 Mandarin listeners as either correct (matching the target) or incorrect 
(mismatching the target). 
 

  

Fig 2: ABX discrimination accuracy (%) for bilingual 
QSM–Mandarin speakers on the control contrast (/m/~/p/) and 
the two target contrasts (/f/~/x/ and /s/~/ʂ/). Each point 
represents one participant. The dashed red line indicates 
chance-level performance (50%). 

Figure 3: Relationship between perception accuracy and 
production accuracy. Each point represents one bilingual QSM 
speaker. Pearson correlation coefficients are indicated within the 
figure (∗p < .05, ∗ ∗ p < .01). 

  

Figure 4: Perception–production relationship by generation 
group and contrast. Each point represents a speaker’s 
perception (ABX discrimination accuracy) and production 
accuracy. Pearson correlation coefficients are indicated within 
the figure (∗p < .05, ∗ ∗ p < .01). 

Figure 5: Perception–production relationship by generation group 
and contrast. Each point represents a speaker’s perception (ABX 
discrimination accuracy) and production accuracy. Pearson 
correlation coefficients are indicated within the figure (∗p < .05, 
∗ ∗ p < .01). 
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