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1. Introduction

We propose that Tone 3 Sandhi (Low Tone Sandhi) in Mandarin languages (Huai'an Mandarin in this
case; Huai’an hereafter) applies cyclically based on syntactic structures (Cyclicity), and the prosodic
unit has to be 2-syllable long (Binarity). The predicted patterns are observed in production experiment
that we conducted. The Tone 3 Sandhi process is shown in (1), which states that a Tone 3 undergoes
tone sandhi to become a Tone 2 (rising tone) with reference to another Tone 3 to the immediate right.
For conciseness, in examples, we will use '3' to refer to Tone 3 and 2' to refer to Tone 2 hereafter.

(1) Tone 3 Sandhi (Low Tone Sandhi) in Mandarin Languages
Tone 3 (Low Tone) + Tone 3 (Low Tone) = Tone 2 (Rising Tone) + Tone 3 (Low Tone)

As one of the few productive phonological processes across Mandarin Languages, Tone 3 sandhi
has enjoyed great spotlight not only because of its complicated patterns, but also because of its
potential to testify important theories in phonology and syntax. For example, Tone 3 Sandhi patterns in
Standard Mandarin have been used to show that prosodic constituents should match syntactic
constituents in every detail if possible (Shih, 1986, 1997; Chen, 2000), which is later formalized by
Selkirk (2011) as Match Theory. Within another theoretical framework, Duanmu (2007) proposes a
novel theory that syntactic Nonhead must bear stress, and Tone 3 Sandhi application domains in
Standard Mandarin have been shown to form according to these Nonhead Stresses.

The current study focuses on Huai'an, which belongs to the Jianghuai Guanhua Group (Lower
Yangtze Mandarin) of the Mandarin language family. Native speakers are mainly from Huai’an city,
which is located in the northern part of Jiangsu Province (Li, 1989). Through the current experimental
study, we confirmed that in Huai'an, Tone 3 Sandhi can be explained by Cyclicity (Chomsky et al.,
1956), which means Tone 3 Sandhi applies from the smallest syntactic units and move to larger units
step by step. It is worth noting that the patterns in Huai'an can also be perfectly explained by Match
Theory, which is developed under Optimality Theory framework (Prince & Smolensky, 1993). For
simplicity, the current proposal is only made within a rule-based framework. Moreover, we confirmed
that Binarity does play an important role in Mandarin Languages, as formalized with a Binarity
constraint within an Optimality Theory framework by Chen's (2000).

2. Issue

One big issue with previous studies on Mandarin Tone 3 Sandhi is that theories are usually based on
much debated basic data. To give one example from Standard Mandarin, for the right-branching
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utterance in 0, Chen (2000) assumes the only possible surface representation to be '3 2 3' while
Duanmu (2007) allows both '3 2 3'and 2 2 3'. Another disputed case in Standard Mandarin is whether
a sequence of consecutive Tone 3s is allowed on the surface. Duanmu (2007) suggests such pattern as
in SR2 in 0 is possible, while Chen (2000) and Wang and Lin (2011) reject the possibility of adjacent
Tone 3s in the surface under any circumstances.

(2) a. Left-branching b. Right-branching
[[mai xau] teiou] [[mai xau] teiou]
buy good wine buy good wine

“finished buying wine’ ‘to buy good wine’
UR 333 UR 333
SRI 223 SRI 323
SR2 2 3 3? SR2 2237

One possible reason for the discrepant empirical observations is simply language variation. The
so-called 'Standard Mandarin', although officially defined by Chinese Government (1958) as the
language used in Luanping County of Hebei Province, should have many variations considering the
span of Chinese territory and the large amount of native speakers (Ramsey, 1989). Also, the
participants of previous studies may be bilingual, namely they are native speakers of both Standard
Mandarin and another local Mandarin variation, and these two languages may affect each other.

A second possible reason for the discrepant empirical observations is that some of the observed
tonal patterns (in this case a sequence of Tone 3s) are actually due to non-linguistic factors and
production errors. Many previous researchers have noticed that Tone 3 Sandhi domain may be
influenced by speech rate (Shih, 1986, 1997; Chen, 2000; Cheng, 1973; inter alia). According to these
researchers, for right-branching 3-syllable utterance in (2b), 2 2 3' becomes normal under accelerated
speech rate. So, it is possible that at slower speech rates, there is a prosodic boundary between the first
two underlying Tone 3s, thereby allowing the existence of '3 2 3' in the surface.

To solve these issues and to move this field forward in a productive fashion, the scope of the
current study is limited to Huai'an. The participants come from a small geographical area, which makes
sure that the speakers actually share the same language. A controlled production experiment is
employed to eliminate the interference of non-linguistic factors as much as possible.

3. The Production Experiment

3.1 Participants

We recruited 19 native speakers of Huai’an Mandarin through personal relationships in Huai’an City.
The age range was from 27 to 69 years. Among them, nine self-identified as female, and ten as male.
All the participants were born and raised in Huai’an City. None of them had participated in any
linguistic studies before or heard about the concepts of Tone 3 Sandhi domain or Syntax-Phonology
Interface.

3.2 Stimuli

To further simplify the picture and get controlled data for theoretical analysis, test items consist of only
right-branching utterances. The length ranges from 3-syllable long to 6-syllable long. The underlying
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syllables are always Tone 3. Moreover, each word forms a separate phrase by itself, therefore Tone 3
Sandhi only applies at the post-lexical level.

Each participant produced two repetitions of 32 test and 61 filler sentences at a natural speech rate.
Therefore each participant read a total of 186 sentences. Also, each participant was assigned with a
different randomized stimuli.

3.3 Procedure

The entire experiment was conducted in Huai’an city. Each participant was recorded by the first author
using Audacity (Audacity Team, 2024) and a Popu Line BK USB microphone on an Apple laptop in a
quiet room that was located in the participant’s home or workplace. The participants were not informed
of the real research question. Instead, they were told that the purpose of the study was to collect some
general information on Huar’an. In post-experiment interviews, none of the participants reported
noticing utterances with all tones being Tone 3, or that tones were the real focus of the study. The
participants were instructed to use their everyday voice and read at normal speech rate. The
participants were also encouraged to read through the stimulus list to be familiar with the reading
materials before producing them. All stimuli were presented in Chinese characters.

3.4 Measurement

Using Praat (Boersma & Weenink 2021), the recordings were manually annotated by the first author,
who is a native speaker of Huai’an. The penultimate syllable is marked for the purpose of a different
study, an example is shown in Figure 1. The underlying representation is marked in the third tier and
the surface representation is indicated in the fourth tier. The first tier uses an IPA-like transcription to
record the vowel of the penultimate syllable, the second tier shows the segments in Pinyin (the
phonetic alphabet for Mandarin Languages), and the quality of the recording is documented in the last
tier. Tokens with speech errors or recording issues are not marked as 'good' and are excluded from the
analysis. 67 out of 1216 tokens are excluded, which accounts for 5.51% of the total.
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Figure 1: Annotation Scheme of Experiment

3.5 Predictions

Our proposal is stated again as follows: Tone 3 Sandhi applies cyclically based on syntactic structures
(Cyclicity), and the prosodic unit has to be 2-syllable long (Binarity). Based on these, the predictions
should be straightforward. The derivations for utterances from 3-syllable long to 6-syllable long are
shown in (3).

(3) a. [tsup [ta tein]] b. [o [tsuy [ta  tein]]]
always dig well Isg always dig well
‘(Someone) always digs a well.’ ‘I always dig wells.’
UR 3 33 UR 33 33
323 Cycle 1 33@23) Cycle 1
3)2 3) Cycle 2 33)23) Cycle 2
2 3)2 3 Cycle 3
SR 323 SR 2323

c. [o [tsun i@ [ta tein]]]
Isg always want dig well
‘I always want to dig wells.’

UR 333 33
333 @23 Cycle 1
330323 Cycle 2
32 3)@2)3) Cycle 3
3)2 3) 23 Cycle 4

SR 323 23
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d [o [tsup ei@ li [ta tein]]]
Isg always want 2sg dig well
‘I always want you to dig wells.’

UR33 33 33

33 33 @23) Cycle 1

33 3(3) (2 3) Cycle 2

3323)Q3) Cycle 3

33)2 3) 2 3) Cycle 4

2 3)2 3) (2 3) Cycle 5
SR 2323 23

The Underlying Representations and corresponding predicted Surface Representations are
summarized in Table 1.

Underlying Representation Predicted Surface Representation
333 323
3333 2323
33333 32323
333333 232323

Table 1: Underlying Representations of Corresponding Predicted Surface Representations
3.6 Results

All data analyses in this article were performed in R (R Core Team, 2025) using the tidyverse suite of
packages (Wickham et al., 2019). The data analysis was done using the Ime4 package (Bates et al.,
2021). The results for utterances of different lengths will be discussed separately in this section.

The results for 3-syllable utterances are summarized in Figure 2. The x-axis lists all the surface
representations, and the y-axis represents the mean of proportions, which is calculated as the average
proportion of a surface representation across all speakers. The 'Sub' on top of each bar represents the
number of speakers who actually produced this surface representation in the experiment, and the 'C'
represents the count (number of tokens). The syntactic structures are shown on the top. All the
following figures follow the same format. Two syntactic structures are tested for 3-syllable utterances,
both are pro-drop. Based on Figure 2, it is quite clear that '3 2 3' is the dominant surface representation
for 3-syllable right-branching utterance, which verifies the prediction. The few exceptions may simply
be assigned to speech error, potentially related to the introduction of higher prosodic boundaries due to
pausing --- a possibility that needs further experimental testing.
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Figure 2: Surface Representations and Their Means of Proportions for 3-syllable Stimuli

The results for 4-syllable utterances are summarized in Figure 3. Again, two syntactic structures
are tested. For the syntactic structure shown in the left part of Figure 3, the last syllable itself functions
as the syntactic object, and 2 3 2 3'is the only dominant surface representation as predicted. Speech
error may again account for other observed surface forms. However, for the other syntactic structure
where the last 2 syllables function as the object, multiple surface presentations get enough tokens in
production as shown in the right part of Figure 3. To explain the existence of '3 2 2 3', we propose that
there is a tendency for verb and its complement to be in the same prosodic unit (in this case,
phonological phrase). In this case, such tendency causes the last 3 syllables to be grouped together.
There are many morpho-syntactic constituents in Mandarin Chinese that can be analyzed as verb plus
complement. However, many native speakers of Mandarin Chinese tend to ignore the inner structures
of these constituents and treat them as single words (Huang & Liao, 2012). For example, the word 'to
eat' is usually translated as /tst fan/ in Mandarin. The /ts#/ part means 'to eat' and the /fan/ part means
'meal'. Although it may be more plausible to be analyze /st fan/ as a verb phrase, many native speakers
report that /tst fan/ is a single word. Such a phenomenon usually happens when both the verb and its
complement are monosyllabic and have a high chance of co-occurrence. However, such a
phenomenon may indicate a general tendency, and as a result, when forming Tone 3 Sandhi domains, a
verb and its complement tend to be grouped together. Inside any prosodic units, Tone 3 Sandhi simply
applies from left to right whenever possible. In this case, the last 3 syllables form a prosodic unit and
the first syllable forms a prosodic unit by itself, which generates '3 2 2 3'. Moreover, the effect of
minimal word may also play a role (McCarthy & Prince 1986). In the case of Mandarin Chinese,
prosodic unit has to be 2-syllable long, which means monosyllabic prosodic unit tends to be avoided
(Chen, 2000; Zhou, 1964). Therefore, when the last 3 syllables form a prosodic unit, the first syllable
tends to join. When this happens, all 4 syllables form a prosodic unit and Tone 3 Sandhi simply applies
from left to right to generate 222 3.
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Figure 3: Surface Representations and Their Means of Proportions for 4-syllable Stimuli

The results for 5-syllable utterances are summarized in Figure 4. Only one syntactic structure is
tested, and two surface representations are possible, namely 22 32 3"and 3 2 3 2 3'. Among them,
only '3 2 3 2 3'is predicted by our proposal. Again, minimal word effect may participate in and cause
the first syllable to join the adjacent prosodic domain. As a result, the first 3 syllables are grouped
together and Tone 3 Sandhi applies from left to right inside prosodic domains to generate 22 32 3".

[DP[ADVP[V[V[DP]Jvplvplvplcp
0.9
2 Sub=19
._g C=105
2
006 &
o Py
qa w
C
3
Sub=12
= 03 C=33
Sub=4
c=6 Sub=1 Sub=1
0.0 I ik
22323 23323 32223 32323 33323

Surface Representation
Figure 4: Surface Representations and Their Means of Proportions for 5-syllable Stimuli

The results for 6-syllable utterances are summarized in Figure 5. Only one syntactic structure is
tested but the picture is rather complicated. 4 surface representations, including'222323','232323/,
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'322323"and 323 32 3', need to be explained. Among these, only 2 3 2 3 2 3'is predicted by our
proposal. For other observed patterns, the explanation may lie in speakers failing to process the
syntactic structure of the utterances. Both utterances with only Tone 3 syllables and utterances with
each syllable forming a separate phrase by itself are rare in Mandarin Chinese. When such utterances
extend to 6-syllable long, speakers may fail to process the sentences in the experiment and apply Tone
3 Sandhi whenever possible. This may explain the pattern in the first 4 syllables of 22 2 3 2 3'. Also,
boundaries may be placed unexpectedly due to pause in processing. With this, patterns like 3223 2 3'
and '3 2 3 3 2 3' can be explained.
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Figure 5: Surface Representations and Their Means of Proportions for 6-syllable Stimuli

To summarize, through the production experiment, all the predicted surface representations are
testified. Moreover, other surface representations are also observed in actual production. Herein lies a
potential explanation for why researchers have disagreed on the data. One is able to observe complex
tone patterns in more complex sentences. However, such patterns are almost impossible to observe in
simpler sentences. This suggests to us that the complex tonal patterns appear in more complex
sentences due to non-linguistic or performance factors related to the effect of Minimal Word, the
tendency to group verb and complement together, and the tendency for speakers to be unsure of the
syntactic structures in experiments involving more complex sentences.

4. Limitation of the Current Study

It is worth noting that in order to avoid the issue of the variation of 'Standard Mandarin', we focused
on Huai'an for the current study. However, we believe our claims based on Cyclicity and Binarity can
(and likely should) be generalized to Tone 3 Sandhi patterns in all Mandarin languages. Future studies
on other Mandarin languages are needed to support this generalization.

Also, although all the observed patterns are accounted for, we would like to suggest that our results
are preliminary and further additional evidence from other sources is necessary to firmly establish the
claim, as claims based on any single source of data are always subject to (unknown) confounding
factors. We leave this for future work.
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5. Conclusion

To eliminate interfering factors as much as possible, a careful production experiment was conducted
on right-branching Huai'an utterances varying in syllable counts from 3 to 6 syllables. Overall, a
succinct account of the observed patterns is provided based on Cyclicity and Binarity.

Finally, we would like to reiterate our claim that the discrepant claims about Tone 3 sandhi patterns
in the extant literature might be due to the fact that researchers are depending on different sorts of
structures to convince themselves of the possibility of a certain potential surface tonal pattern. In
general, we would like to recommend the use of very short sequences to establish the domain of
application of tone sandhi in order to avoid non-linguistic (processing) factors from affecting speaker
productions/intuitions. When we focused on 3-syllable utterances, underlying Tone 3 sequences
almost exclusively surfaced as '3 2 3' sequences, suggesting that 2 2 3' is not really an option, and
therefore Cyclicity and Binarity are the relevant phonological restrictions on Tone 3 Sandhi.
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