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Abstract
Prior studies reported inconsistent syntactic influence on
trisyllabic tone sandhi directionality in Tianjin Mandarin. This
study investigates the role of six syntactic structures and
generational differences in the application of sandhi rules,
analyzing seven trisyllabic tone patterns across two structural
configurations (“2+1”/“1+2”), with data from 26 native
speakers. Key findings are: 1) T4-T4-T1 pattern triggers
right-edge sandhi, producing a novel T4-T2-T1 pattern. 2)
T3-T1-T1 pattern exhibits one-round sandhi in VP+N, A+NP,
N+NP, Q+NP, and V+NP structures, but two-round
application in NP+N. 3) Diachronic shifts: the absence of
T4-T4 sandhi and the replacement of T1-T1→T3-T1 with
T1-T1→T2-T1 apply universally across generations,
restructuring trisyllabic outcomes without altering
directionality. These findings clarify syntax-sandhi interplay
and generational variation in Tianjin Mandarin, revealing
systematic directional patterns tied to syntactic structures.
Index Terms: Tianjin Mandarin; tone sandhi; syntactic
structure; directionality

1. Introduction
Tianjin Mandarin is characterized by four lexical tones,
commonly labeled as T1 through T4 [1, 2, 3]. Although the
precise phonetic realizations of these tones remain a subject of
debate, there is broad agreement among scholars regarding
their phonological categorization. Extensive studies have
identified six primary disyllabic tone sandhi rules, which have
been widely documented [1, 2, 3, 4, 5, 6, 7, 8, 9], namely:
(1) T1+T1→T3+T1 (4) T4+T4→T1+T4
(2) T3+T3→T2+T3 (5) T3+T2→T1+T2
(3) T4+T1→T2+T1 (6) T3+T4→T1+T4

Sociophonetic studies reveal significant generational
stratification in the realization of disyllabic tone sandhi. For
rule (1), [10, 11] reported that it is predominantly preserved
among older speakers, while younger generations exhibit a
systematic shift to the “T1+T1→T2+T1” pattern. Rule (3), on
the other hand, presents greater theoretical complexity, with
three competing interpretations. Some argue that this rule is
retained only in a limited number of older-generation
pronunciations [11], some hold that younger generations no
longer apply it [11, 12]. Meanwhile, [13] claims that T1 and
T4 are both falling tones, differing mainly in register and that
the first T4 in a T4+T4 sequence remains unchanged,
suggesting that T4+T4 does not undergo sandhi.

Trisyllabic sandhi patterns present further complexity,
with 27 of 64 possible tonal combinations involving single or
iterative applications of disyllabic sandhi rules [1, 2, 4, 14].
Among these 27 combinations, seven have the potential to
involve more than one sandhi rule [9, 13]. This complexity
gives rise to the Tianjin Sandhi Paradox, which emerges in
seven critical combinations where multiple rule applications
create directional ambiguities [9].

Table 1: Trisyllabic tone sandhi rules in Tianjin
Mandarin.

Underlying
pattern

1st round of
application

2nd round of
application

(7) T3-T3-T3 → T2-T3-T3 → T2-T2-T3
(8) T4-T4-T1 → T1-T4-T1 → T1-T2-T1
(9) T4-T4-T4 → T4-T1-T4 → T2-T1-T4
(10) T3-T1-T1 → T3-T3-T1 → T2-T3-T1
(11) T1-T4-T4 → T1-T1-T4 → T3-T1-T4
(12) T1-T1-T1 → T1-T3-T1
(13) T4-T1-T1 → T4-T3-T1

As shown in Table 1, among the seven trisyllabic sandhi
combinations, Rules (7) and (8) have been argued to apply
sandhi rules from the left edge, while the rest apply rules from
the right edge. These paradoxical patterns have sparked
significant academic debate regarding the principles of
directionality. Some scholars argue that directionality operates
independently of syntactic structures [15], while others
propose that syntactic constituency density plays a crucial role
in shaping the final outcomes of trisyllabic tone sandhi [2].

Cross-dialectal comparisons further support these
theoretical discussions. For instance, in the Shanghai dialect,
syntactic structure has been shown to influence trisyllabic tone
sandhi [16], whereas in the Yantai dialect, the “1+2” and “2+1”
patterns result in distinct directionalities of tone sandhi [17].
Such evidence highlights the importance of examining the
interplay between syntactic structure and trisyllabic tone
sandhi in Tianjin Mandarin.

Previous studies have documented diachronic changes in
the application of disyllabic tone sandhi, and the role of
syntactic structure in trisyllabic tone sandhi remains a topic of
ongoing debate. This study aims to address two key questions:
(1) Are there ongoing changes in the application of trisyllabic
tone sandhi rules in Tianjin Mandarin? (2) Do syntactic
structures influence the directionality of trisyllabic tone sandhi
in Tianjin Mandarin, and if so, how?
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2. Methods

2.1. Participants

Twenty-six native speakers of Tianjin Mandarin were selected
and divided into three generational groups: a younger group (5
females and 4 males, mean age = 19.75 years, SD = 0.96), a
middle-aged group (4 females and 4 males, mean age = 48.25
years, SD = 5.32), and an older group (5 females and 4 males,
mean age = 69.25 years, SD = 3.4).

The study used strict selection criteria for linguistic
authenticity and experimental validity. Participants had to (1)
be native Tianjin residents; (2) actively use the local dialect
daily; and (3) pass a pre-experimental screening test, which
assessed phonological authenticity, speech clarity, and
systematic consistency with core features of Tianjin Mandarin.

2.2. Materials

This study used materials with seven underlying trisyllabic
patterns, covering tonal combinations that involve multiple
tone sandhi applications. The stimuli included two structure
types, “1+2” and “2+1”, as well as six syntactic structures,
namely A+NP, Q+NP, N+NP, V+NP, VP+N, and NP+N, as
shown in Table 2. A total of 1,664 tokens were collected, with
each participant reading 64 trisyllabic words once.

Table 2: Excerpt of materials.

Syllabic
structure

Underlying
pattern Word Syntactic

structure
2+1 T1-T1-T1 jiao1 tong1 ting1

(transport department)
NP+N

2+1 T1-T1-T1 shou1 yin1 ji1
(radio) VP+N

2+1 T1-T4-T4 jie1 dai4 zhan4
(reception center)

VP+N

2+1 T1-T4-T4 sheng1 ming4 li4
(vitality) NP+N

1+2 T1-T1-T1 qie1 zhu1 gan1
(slice pork liver) V+NP

1+2 T3-T3-T3 zhi3 lao3 hu3
(paper tiger) N+NP

1+2 T4-T1-T1 xiu4 hua1 zhen1
(embroidery needle) VP+N

1+2 T4-T4-T4 zhi4 zui4 fan4
(punish criminals) V+NP

2.3. Procedures

All materials were recorded using xRecorder [18], with
participants instructed to read target words in a quiet room.
The recording was carried out with a Sound Blaster PLAY3
sound card and a PHILIPS SHM1900 headset microphone.
The recordings were made at a sampling rate of 44.1 kHz, 16
bits, with a mono soundtrack.

2.4. Data processing

After recording, the collected audio files were automatically
segmented and annotated using xSegmenter [19], and then
manually corrected in Praat [20]. For each target tone-bearing
unit, the duration and f0 (Hz) values at ten evenly spaced
points were extracted using a Praat script. The f0 (Hz) values
were then normalized using the formula proposed in [21]:

T = [(lg� − lgMIN)/(lgMAX − lgMIN)] × 5 (1)
The obtained data were formatted and preprocessed, and

then the Linear Mixed Effects (LME) models were
implemented and visualized in R [22] for data analysis.

3. Results and discussion

3.1. Influence of syntactic structures on the “1+2”
structure

3.1.1. Overall results of the “1+2” structure

As shown in Figure 1, the results reveal novel pattern
transformations that deviate from prior studies [7, 13], except
for the T3-T3-T3 configuration. For trisyllabic sequences
involving T1-T1, three underlying patterns exhibit differences:
(1) The T1-T1-T1 sequence shifts to T1-T2-T1; (2) T3-T1-T1
transforms into T3-T2-T1; and (3) T4-T1-T1 evolves into
T4-T2-T1. These systematic deviations strongly suggest that
the diachronic shift in disyllabic tone sandhi, specifically, the
transition from T1-T1→T3-T1 to T1-T1→T2-T1, has
extended to trisyllabic structures, altering the tone sandhi
application environment and shifting its directionality.

Figure 1: F0 Contours of trisyllabic sequences in
“1+2” structure.

Further analysis reveals that the T3-T1-T1 sequence halts
sandhi application at the T3-T2-T1 stage, bypassing the
previously proposed secondary sandhi application
(T3-T3-T1→T2-T3-T1). This truncation occurs because the
necessary phonological conditions for a second round of
sandhi application are not met following the initial application.
In T4-T4-dominant configurations (including T4-T4-T4,
T4-T4-T1, and T1-T4-T4), the deactivation of the
T4-T4→T1-T4 sandhi rule extends to trisyllabic sequences,
resulting in two distinct outcomes: (1) T4-T4-T4 and
T1-T4-T4 sequences do not undergo sandhi application and
retain their original tonal patterns; and (2) In T4-T4-T1
sequences, where the original left-edge sandhi environment is
no longer present, tone sandhi is obligatorily applied starting
from the right boundary. This directional shift produces a new
T4-T2-T1 output through a single application of the
T4-T1→T2-T1 rule.

3.1.2. Variation in trisyllabic sequences across generations
in the “1+2” structure

Figure 2 shows a divergence from previously documented
age-stratified tone sandhi patterns in Tianjin Mandarin. While
earlier studies have reported that older generations retain the
T4-T4→T1-T4 rule [11, 12] and younger speakers exhibit a
shift from T1-T1→T3-T1 to T1-T1→T2-T1 [10, 11], our data
reveal that both changes have generalized to trisyllabic
sequences across all age groups. Specifically, the traditional
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T4-T4→T1-T4 rule is now entirely absent in trisyllabic
contexts, regardless of speaker’s age, while the T1-T1→T2-T1
substitution has become the default pattern for all generations.

Figure 2: F0 contours of trisyllabic sequences in the
“1+2” structure across generations and genders.

This shift suggests that the dynamics of tone sandhi in
Tianjin Mandarin are undergoing a broader, cross-generational
change, with the previously clear-cut distinctions between
older and younger speakers eroding. The generalization of the
T1-T1→ T2-T1 substitution, in particular, points to a trend
toward regularization in tonal patterns, where both younger
and older speakers have converged on a single, unified sandhi
rule. This could be indicative of an ongoing linguistic
simplification process, possibly driven by factors such as
increased social interaction or the influence of more
standardized language forms. The disappearance of the T4-T4
→ T1-T4 rule in trisyllabic contexts across all age groups
further supports the idea that linguistic change is no longer
restricted to specific generational cohorts but is instead a
shared development across the community.

3.1.3. Influence of syntactic types within the “1+2” structure

Figure 3: Violin plot depicting the impact of syntactic
structures on underlying trisyllabic patterns.

Linear Mixed-Effects (LME) modeling was conducted to
explore the influence of syntactic types on the outcomes of
trisyllabic combinations. The results of the LME analysis were
visualized in Figure 3, and it is evident that in the “1+2”
structure, syntactic types such as A+NP (Adjective+Noun

Phrase), N+NP (Noun+Noun Phrase), Q+NP
(Quantifier+Noun Phrase) and V+NP (Verb+Noun Phrase) do
not exhibit a significant impact on the outcomes of trisyllabic
tone sandhi.

These findings diverge from previous studies emphasizing
syntactic constituency density as a decisive factor [2]. While
the Yantai dialect demonstrates clear directionality
distinctions between “1+2” and “2+1” patterns [17], the
absence of significant syntactic effects in Tianjin Mandarin’s
“1+2” structure suggests a potential typological contrast.

3.2. Influence of syntactic structures on the “2+1”
structure

3.2.1. Overall results of the “2+1” structure

As shown in Figure 4, in the “2+1” structure, similar to the
“1+2” structure, the T4-T4→T1-T4 rule is no longer in effect.
Moreover, the systemic shift from the T1-T1→T3-T1 pattern
to the T1-T1→T2-T1 pattern has extended to trisyllabic
sequences.

Figure 4: F0 contours of trisyllabic sequences in the
“2+1” structure.

Notably, the influence of different syntactic types on the
application of tone sandhi within the T3-T1-T1 pattern has
been observed. In structures such as VP+N, as well as “1+2”
structures like A+NP, N+NP, Q+NP, and V+NP, tone sandhi
is applied in a single round, resulting in the T3-T2-T1 pattern.
However, NP+N structures exhibit a distinct behavior (β =
-0.31, SE = 0.04, t = -7.75, p < 0.001). In T3-T1-T1 patterns
with an NP+N structure, tone sandhi is applied iteratively.
First, the T1-T1→T2-T1 rule is applied starting from the right
edge. This is followed by a second round of tone sandhi
application, ultimately yielding the T1-T2-T1 pattern.

3.2.2. Variation in trisyllabic sequences across generations
in the “2+1” structure

Figure 5 below presents empirical data on two critical
diachronic shifts observed in the “1+2” structure: the complete
inactivation of the original T4-T4 → T1-T4 sandhi rule in
trisyllabic environments across all age groups, and the
replacement of the T1-T1→T3-T1 with the T1-T1→T2-T1
substitution. These two changes are universal, occurring
regardless of phrase structure, syntactic type or speaker age.

These findings suggest a significant shift in the tonal
system of Tianjin Mandarin that transcends generational and
syntactic boundaries. The complete inactivation of the T4-T4
→ T1-T4 rule in trisyllabic environments reflects a broader
tendency of simplification in the tone sandhi. Additionally, the
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replacement of the T1-T1→T3-T1 rule with the widespread
T1-T1→ T2-T1 substitution indicates a move towards more
consistent tonal patterns. This suggests language evolution,
with younger speakers seemingly preferring more predictable,
less context-dependent tones. Moreover, the universality of
these changes, regardless of syntactic structure or age,
indicates that they are likely driven by internal linguistic
forces rather than external social factors, such as regional
variation or age-based identity markers.

Figure 5: F0 contours of trisyllabic sequences in the
“2+1” structure across generations and genders.

3.3. Influence of syntactic structures on the directionality
of trisyllabic tone sandhi

Based on the results from the “1+2” and “2+1” structures, we
found that both disyllabic changes and syntactic structures
significantly influence the directionality of trisyllabic tone
sandhi in Tianjin Mandarin, as shown in Table 3. Specifically,
sequences such as T3-T3-T3, T3-T1-T1, T1-T1-T1, and
T4-T1-T1 maintain their canonical directionality patterns.
However, trisyllabic sequences involving the T4-T4
configuration show a significant change in sandhi application
directionality. Notably, T4-T4-T4 and T1-T4-T4 sequences do
not trigger sandhi application at all, while the T4-T4-T1
pattern exhibits a paradoxical right-edge-driven directionality,
reversing the expected left-dominant sandhi direction.

Table 3: Directionality and outcomes in seven
trisyllabic tone sandhi sequences.

Underlying
pattern

Predicted
outcome

Observed
outcome

Predicted
directionality

Observed
directionality

T3-T3-T3 T2-T2-T3 T2-T2-T3 left→right left→right
T4-T4-T1 T1-T2-T1 T4-T2-T1 left→right right→left
T4-T4-T4 T2-T1-T4 T4-T4-T4 right→left NA*
T3-T1-T1 T2-T3-T1 T3-T2-T1 right→left right→left
T1-T4-T4 T3-T1-T4 T1-T4-T4 right→left NA*
T1-T1-T1 T1-T3-T1 T1-T2-T1 right→left right→left
T4-T1-T1 T4-T3-T1 T4-T2-T1 right→left right→left

*NA, short form for “not applicable”, meaning that the underlying
pattern does not trigger tone sandhi rules.

In the “1+2” and “2+1” structures, disparities among
syntactic types give rise to distinct tone sandhi outcomes. In
the “1+2” structure, syntactic types such as A+NP, N+NP,
Q+NP, and V+NP have an insignificant impact on the results
of trisyllabic tone sandhi. This suggests that in these structures,
the syntactic structure does not function as a key determinant
in altering the directionality of tone sandhi, and the overall
tone sandhi pattern remains relatively consistent.

Conversely, in the “2+1” structure, the influence of
syntactic structures is more pronounced. The NP+N syntactic
structure can modify the original tone sandhi trajectory and
directionality of the T3-T1-T1 pattern.

4. Conclusions
This study investigates how syntactic structure influences the
directionality of trisyllabic tone sandhi in Tianjin Mandarin, as
well as whether generational changes its application. Our
findings reveal that the so-called “Tianjin Sandhi Paradox”
may not be an inherent mystery but rather an interplay of
syntactic structure and diachronic change. The findings
contribute to a deeper understanding of the interplay between
syntactic structure and phonological tone sandhi. The major
findings are as follows:

Firstly, unlike the predicted and unanimously agreed
directionality observed in previous studies, the application of
tone sandhi in the trisyllabic sequence T4-T4-T1 in Tianjin
Mandarin starts from the right edge, which challenges
established theories of tonal directionality. The findings in this
study reveal a significant deviation from this norm, indicating
that the rightmost syllable in the sequence plays a pivotal role
in triggering tone sandhi.

Secondly, regarding the role of syntactic types, in “2+1”
structures, T3-T1-T1 pattern undergoes single-round tone
sandhi application in VP+N, resulting in T3-T2-T1 pattern,
while NP+N structures trigger iterative tone sandhi application,
leading to the novel T1-T2-T1 pattern. In “1+2” structures,
syntactic types such as A+NP, N+NP, Q+NP, and V+NP do
not significantly influence the outcomes of trisyllabic tone
sandhi.

Lastly, the traditional T4-T4→T1-T4 rule is no longer
active in trisyllabic contexts across all age groups, and the
T1-T1→T2-T1 substitution has become the default pattern for
all generations. For T4-T4-dominant patterns, the
disappearance of the T4-T4→T1-T4 sandhi rule also extended
to trisyllabic sequences, resulting in divergent outcomes. For
T1-T1-involved trisyllabic sequences, distinct pattern changes
were observed: T1-T1-T1 becoming T1-T2-T1, T3-T1-T1
manifesting as T3-T2-T1, and T4-T1-T1 evolving into
T4-T2-T1. These changes suggest that the diachronic shift in
disyllabic tone sandhi, specifically, the transition from
T1-T1→T3-T1 to T1-T1→T2-T1, has extended to trisyllabic
structures, modifying the tone sandhi environment and its
directionality. However, changes in disyllabic sequences do
not influence the directionality of trisyllabic tone sandhi.

This study examines tone sandhi from syntactic and
diachronic perspectives. The findings not only shed light on
the syntax-phonology interaction in Tianjin Mandarin but also
provide insights into the potential role of syntactic structure in
tone sandhi across other dialects and languages. Future
research will expand the range of syntactic types and include
parallel structures to further explore the interaction between
syntax and prosody.
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