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Abstract: 

This study explores the perception and production of tone sandhi in Jino, a tonal language 

spoken in southwestern China, through an acoustic lens. Tone sandhi, the phenomenon where 

tones undergo changes based on their phonological context, is an integral feature of many tonal 

languages. Jino, with its rich tonal system, exhibits complex tone sandhi patterns that play a 

crucial role in both the lexical and syntactic structure of the language. This paper investigates 

how Jino speakers produce and perceive tone sandhi in various contexts, utilizing both acoustic 

measurements and perceptual experiments. Data were collected from native Jino speakers in 

natural speech conditions, and acoustic analysis was performed using Praat software to measure 

key features such as pitch contours, duration, and intensity. This study offers new insights into 

the interplay between perception and production in tonal languages, contributing to the broader 

understanding of tone sandhi and its phonetic and cognitive mechanisms. 
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I. Introduction: 

 

Tone sandhi refers to the modification of tones in a language based on their phonological 

environment. In many tonal languages, tone sandhi occurs as a natural part of speech, where 

tones change to fit the prosodic and syntactic contexts in which they appear. Jino, a member of 

the Sino-Tibetan language family spoken in southwestern China, exhibits a rich tonal system 

characterized by a range of pitch contours[1]. The language has several lexical tones, and tone 
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sandhi plays a significant role in its phonological system, influencing both meaning and syntactic 

structure. Understanding tone sandhi in Jino is important because it provides insights into the 

dynamic and context-sensitive nature of tonal systems. Tone sandhi is not just a random 

alteration but is governed by specific rules based on syntactic structures, stress, and speech rate. 

In Jino, certain high tones neutralize to mid tones in fast speech or when occurring in specific 

syntactic positions, such as within a phrase or clause boundary. Additionally, tone sandhi can 

affect tone patterns at the level of individual words, influencing how speakers produce and 

perceive tones in connected speech[2]. One key aspect of tone sandhi in Jino is its interaction 

with syntactic structures. For example, syllables in phrase-final positions are often less likely to 

undergo sandhi, as these positions tend to be more prominent and stress-bearing. In contrast, 

syllables in non-final positions, especially when adjacent to other tones, are more likely to 

experience tonal shifts. This suggests that tone sandhi in Jino, like in many other tonal languages, 

interacts with prosodic features such as stress and intonation. In addition to syntactic structure, 

speech rate also influences the production of tone sandhi in Jino[3]. Faster speech tends to 

compress tonal distinctions, leading to the neutralization of contrasts between high and mid 

tones. Conversely, slower speech preserves these tonal distinctions more clearly, highlighting the 

dynamic relationship between tone, speech rate, and perception. The perception of tone sandhi is 

similarly context-dependent. Native speakers of Jino are adept at detecting tonal shifts, 

particularly when they occur in predictable environments, such as when high tones shift to mid 

tones in connected speech. However, the perception of tone sandhi can be affected by factors 

such as the clarity of the pitch contour, the presence of stress, and the syntactic role of the 

syllables in question. This study aims to investigate both the production and perception of tone 

sandhi in Jino. By employing acoustic analysis to examine pitch contours, syllable duration, and 

intensity, and combining this with perceptual experiments to assess how well speakers detect 

tonal variations in different contexts, the research provides a comprehensive view of how tone 

sandhi operates in Jino[4]. The findings will not only contribute to the phonetic understanding of 

Jino’s tonal system but also offer insights into how tonal variation is processed by speakers of 

tonal languages. 
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II. Acoustic Analysis of Tone Sandhi in Jino: Production Data 

 

The production of tone sandhi in Jino is characterized by significant tonal variation depending on 

the phonological context, including syntactic position, speech rate, and prosodic prominence[5]. 

To examine how tone sandhi is produced, we conducted acoustic analysis on speech samples 

from 12 native Jino speakers (6 males, 6 females). These participants were asked to produce 

sentences containing target words with different tonal environments, including both isolated 

words and words embedded in phrases. The data collection included two distinct speech rate 

conditions: one in which participants were instructed to speak slowly and another in which they 

were encouraged to speak more rapidly[6]. Using Praat, a widely used software for phonetic 

analysis, we extracted fundamental frequency (F0) contours, syllable durations, and intensity 

measurements from the recordings. These parameters were crucial for understanding the pitch 

variations and the neutralization processes involved in tone sandhi. For each target syllable, we 

tracked the F0 contour across different speech rate conditions, focusing on high, mid, and low 

tones to observe how they interacted with neighboring syllables. One of the primary findings of 

the acoustic analysis was that high tones often neutralized to mid tones in fast speech, 

particularly when the syllable occurred in the middle of a phrase[7]. This neutralization effect 

was more pronounced in connected speech, where rapid articulation compressed the pitch range, 

leading to less distinguishable tonal contrasts. In contrast, in slow speech, high tones maintained 

their distinct pitch contours, demonstrating that speech rate plays a significant role in the 

production of tone sandhi. Additionally, the analysis revealed that syllables in phrase-final 

positions exhibited more stable tonal contours. This finding suggests that final position syllables, 

which tend to be more prominent in speech, are less likely to undergo tonal shifts compared to 

syllables within the body of the phrase[8]. In particular, high tones at the end of a phrase were 

more likely to retain their pitch and not undergo the neutralization observed in other contexts. 

The syllable duration data further supported the claim that tone sandhi is influenced by speech 

rate. In fast speech, syllables involved in tone sandhi were significantly shorter in duration, 

which correlated with a more compressed pitch range. Conversely, in slow speech, syllables 

were longer, allowing for greater differentiation in pitch and tonal contrast. This study also found 

that tone sandhi in Jino is sensitive to the syntactic structure of the sentence. For example, 

syllables in initial positions or those within focused constituents maintained their original tonal 
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contours, while syllables in non-prominent positions, such as in the middle of a phrase or 

following a pause, were more likely to undergo tonal shifts[9]. 

 

III. Perception of Tone Sandhi in Jino: A Cognitive Perspective 

 

While the production of tone sandhi has been the primary focus of this study, the perceptual 

aspect of tone sandhi is equally important for understanding how Jino speakers process tonal 

variation in natural speech[10]. To investigate the perception of tone sandhi, we conducted a 

series of perceptual experiments with the same group of native Jino speakers. The goal of these 

experiments was to assess how well speakers can identify tonal shifts in different syntactic and 

prosodic contexts, particularly those that involve tone sandhi. The perceptual tasks included both 

forced-choice identification tasks and discrimination tasks. In the forced-choice task, participants 

were presented with pairs of stimuli, one of which contained a tonal shift (i.e., tone sandhi) and 

the other which did not. The speakers were asked to identify whether the stimuli were the same 

or different in terms of tone[11]. In the discrimination task, participants listened to minimal pairs 

of words or sentences that differed only in terms of tone sandhi and were asked to judge whether 

the tone sandhi was present or absent. The results of the perceptual experiments showed that 

native Jino speakers are highly sensitive to tone sandhi, especially when the tonal shifts occur in 

predictable syntactic and prosodic contexts. Speakers were able to correctly identify tone sandhi 

in phrase-medial positions and in fast speech conditions where tonal neutralization typically 

occurs[12]. However, the ability to perceive tone sandhi was somewhat less accurate in less 

predictable contexts, such as when tonal shifts occurred in final positions or in slower speech 

conditions where tonal contrasts were clearer. Interestingly, the perception of tone sandhi was 

influenced by syntactic structure. When tone sandhi occurred in non-prominent positions (e.g., in 

the middle of a sentence or within a subordinate clause), it was more difficult for participants to 

detect the tonal change[13]. In contrast, when tone sandhi occurred in stressed or prominent 

positions (e.g., at the beginning or end of a sentence), speakers were more accurate in identifying 

the tonal shift. This finding underscores the role of prosodic prominence and syntactic position in 

both the production and perception of tone sandhi. The results also suggest that Jino speakers 

rely heavily on pitch contour cues to identify tone sandhi. When pitch contours were disrupted or 



382 
 

unclear due to reduced speech rate or other factors, the perception of tone sandhi decreased. This 

highlights the close relationship between the production and perception of tonal variation and the 

importance of clear pitch cues for accurate tonal identification[12]. 

Conclusion: 

This study provides valuable insights into both the production and perception of tone sandhi in 

Jino, shedding light on the acoustic mechanisms behind tonal shifts and their perceptual 

processing. The findings indicate that tone sandhi in Jino is influenced by a variety of factors, 

including speech rate, syntactic structure, and prosodic prominence. In terms of production, 

speakers exhibit tonal neutralization in fast speech, with high tones shifting to mid tones in 

specific syntactic positions, particularly within phrases. In contrast, slower speech preserves 

more distinct tonal contours, especially in phrase-final and stressed positions. This research 

contributes to the broader understanding of tone sandhi processes and offers valuable insights for 

further studies on the phonetic and cognitive aspects of tonal systems in Sino-Tibetan languages. 

Future research could expand on these findings by exploring tone sandhi in other dialects of Jino 

or related languages and examining how these processes differ across various speech 

communities. 
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