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Experiment 2: the utilization of perceptual cues 

Over time, with the official promotion of Standard Mandarin, Changsha's language use has 
changed, characterized by the displacement of the Changsha Dialect and the emergence of 
Changsha Plastic Mandarin, a non-standard Mandarin accent that features the speech of young, 
urban residents and has crystallized over the past few decades. Changsha Plastic  Mandarin is a 
product of Standard Mandarin and local dialect contact and is used in informal settings. Its 
segments are similar to Standard Mandarin but with different tones; the tonal features are more 
akin to those in Changsha Dialect than in Standard Mandarin. Numerous studies have examined 
the rise of Changsha Plastic  Mandarin and described its acoustic features(Jin and Niu, 2010).

Introduction

Discussion

Experiment 3: production

  All experiments were conducted at Lushan International Experimental Primary School. Forty-
four elementary students from grades 1 to 6 participated. All were from Changsha, raised 
speaking SM and what they considered as CPM, but not  speaking the CD. The group included 
22 girls and 22 boys, aged 6-12, with average ages of 8.47 and 8.81 years respectively.

Participants

This study explores the perceptual discrimination of T1 and T4 in Changsha Plastic  Mandarin 
among primary school children and the natural production of single-word tones. The main issues to 
investigate are:

(1)Whether there are significant individual differences in identification accuracy of T1 and T4 
and whether age is a factor;

(2)The correlation between identification accuracy and utilization of perceptual cues (F0 height, 
F0 movement, and voice quality);

(3)Whether the natural production of single-word tones by Changsha elementary school children 
is closer to Changsha Plastic  Mandarin or Standard Mandarin and its correlation with recognition 
accuracy.

FIG.1. The relationship between the tonal values of Standard Mandarin, Plastic Mandarin, and 
Changsha Dialect (Xu, 2022).

Experiment 1: natural stimuli perception

  Est SE df t  p

(Intercept) 0.50 0.10 42.03 4.96 0.00***

syllable(di) 0.04 0.00 3451.00 15.24 0.00***

age 0.02 0.01 42.02 1.95 0.06

Table 1: Summary of the mixed-effects regression model for accuracy of 
identifying natural stimuli ( syllable reference level = da. *p < 0.05; **p < 

0.01; ***p < 0.001) 

  Results in Table 1 indicate no age-related differences in accuracy; however, accuracy for the /di/ 
syllable significantly exceeds that for the /da/ syllable. To further demonstrate the individual 
differences among participants and provide a basis for grouping in subsequent research, Participants 
were divided into three groups based on their recognition rates for different syllable stimuli: Group A 
(accuracy ≥ 15/16), Group B (accuracy ≥ 9/16 and < 15/16), and Group C (accuracy < 9/16). Each 
Participant was categorized twice based on identification accuracy for /da/ and /di/. The distribution 
of participants per group and syllable is listed in Table 2. 

  Experiment 1 was conducted using natural stimuli(("搭" (da_T1), "大" (da_T4), "低" (di_T1), and "
地" (di_T4)) to explore the subjects' discrimination accuracy of T1-T4 in Changsha Plastic Mandarin.

  da di

A 2 10

B 34 27

C 8 7

Table 2: Grouping: Participants Categorized Twice 
Based on Identification Accuracy for /da/ and /di/.

  Experiment 2 examines how three participant groups use perceptual cues from T1 and T4's 
acoustic features in CPM, focusing on F0 height, F0 movement, and voice quality. We 
artificially synthesized a total of 80 stimuli(2 syllables * 2 voice qualities * 4 F0 slopes * 5 F0 
heights.), and the F0 range of the stimuli is shown in the FIG.2. 

FIG. 2: F0 range diagram. X-axis: Normalized Time. Y-axis: F0 in Hz. Each subplot shows stimuli with 
the same F0 slope. Grayscale differentiates F0 heights, from height-1 to height-5, increasing sequentially.

  FIG.3 shows differences in perceptual cue utilization among groups: F0 height and slope impact 
Groups A and B's perception(p < 0.001), and voice quality affects only Group A(p=0.03), with 
minimal effects on Group C from all three factors(p>0.05).

FIG. 3:The identification frequency of T4 stimuli, grouping in grayscale. Features such as F0 slope, F0 
height, and voice quality are displayed from left to right, with error bars indicating a 95% confidence 

interval.

  The normalized curves of the F0 outputs for each group in T1 and T4 are shown in figure 4. From 
FIG. 4, these curves align more closely with SM than CPM.
  Meanwhile, through statical analysis, there is no significant differences in T1 tone characteristics 
between groups. For T4 tones, A and B show no differences; A and C differ in quadratic and slope, 
not intercept; B and C differ only in slope. This suggests that A and B's ability to distinguish T1 and 
T4 tones in CPM leads to significantly gentle slopes in T4 tone output compared to C. 
  We also studied T1 and T4 voice quality characteristics across groups. We described voice quality 
using harmonics differences (H1-H2, H2-H4) after formant corrections. No significant differences 
were found in T1 and T4 outputs using /da/ or /di/ as syllables (p>0.05), nor between groups (p>0.05), 
suggesting that the outputs are closer to SM in voice quality, which means on the difference in voice 
quality between T1 and T4, without group differences.

FIG. 4 :Normalized F0 of T1 and T4 syllables by groups A, B, 
and C.Y-axis: normalized F0, X-axis: standardized time. 
Different lines indicate different groups, with the left chart for T1 
and the right for T4.

• Individual difference
  According to Experiment 1, not all primary school students in Changsha who do not speak CD 
possess the ability to differentiate T1 and T4 in CPM. The participants in our study all come from 
the same primary school with a similar language environment. In our survey of their family 
language backgrounds, we did not identify any factors related to this difference in accuracy. This  
indicates that for this emerging dialect, attitudes, production, and perception vary between 
individuals, suggesting that the status of this dialect is in a dynamic state and less stable than local 
dialects or standard languages.
• The contradiction between production and perception
  There appears to be a contradiction between perception and production: Participants in Groups A 
and B can perceptually distinguish tones T1-T4, yet their outputs resemble those of Group C, who 
can't differentiate these tones, leaning more towards SM than CPM. Despite perceptual distinction, 
they fail to produce these tones, presenting an apparent contradiction.
  This discrepancy can be explained by the fundamental differences in experimental approaches: 
Standard production tasks allow free cue production, whereas perception experiments involve 
passive reception and recognition of artificially synthesized stimuli(Schertz and Clare, 2020).
• The correlations among identification accuracy, the utilization of perceptual cues, 
and production

  Integrating the findings from Experiment 1, Experiment 2, and Experiment 3, our study revealed 
significant correlations among differentiation accuracy, the utilization of perceptual cues, and 
production traits.
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