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Abstract 
This study focuses on the interaction between tone and 
intonation on the prosodic realization of the sentence-final 
particle nyei³³ in Iu-Mien, a Hmong-Mien language spoken in 
parts of China and Southeast Asia. While intonation patterns of 
questions in colloquial Iu-Mien, in which sentence-final 
particle nyei³³ does not typically occur, have been described, 
intonation patterns with the sentence-final nyei³³ used in less 
colloquial settings have not been analyzed yet. Our study aims 
to fill this gap. Using data from five female speakers, we show 
that the mid-level tone 33 of nyei³³ is preserved when in the final 
position of statements, but surfaces as a rising or falling contour 
at the end of yes-no questions. In addition, we find 
coarticulatory effects of the preceding tone on the F0 contour 
of the particle. 
Index Terms: Iu-Mien, F0, yes-no questions, sentence-final 
particles 

1. Introduction 
Lexical tones and intonation are both manifested as changes in 
the fundamental frequency (F0). Studies have shown that 
intonation is likely to modify the F0 patterns of tones, with the 
specific F0 patterns varying across languages (e.g., [1, 2, 3]). In 
some languages, interrogative sentences are differentiated from 
declarative sentences by the F0 of the sentence-final particles 
(e.g., Cantonese [4], Hong Kong Cantonese [5], Mandarin [6]). 
Such particles not only have the grammatical function of 
marking a question but also carry prosodic information. This 
study looks at the less often examined language of Iu-Mien and 
analyzes its sentence-final particle nyei³³, exploring its role in 
the prosodic system of language. 

1.1. The Iu-Mien language, tones and intonation 

Iu-Mien is a Hmong-Mien language, spoken in southern China, 
Vietnam, Laos, and Thailand [7]. The term Iu-Mien is used to 
refer to the language, while the term Mien is used to refer to its 
speakers. Over forty years ago the first Iu-Mien speakers 
arrived in the United States as refugees. Now a large 
concentration of roughly 35,000 Mien people can be found in 
Northern California, particularly in the Sacramento area. 

Iu-Mien has six tones: the high rise (-fall) tone 45, the mid 
level tone 33, the  mid fall tone 31, the low rise tone 23, the low 
level tone 21, the low rise-fall tone 232  ([8, 9, 10, 11]). For tone 
45, there are two contours. The rising-falling shape is found in 
either open syllables or in syllables with a nasal in the coda. The 
rising-only shape is found in syllables with a final stop.  

Some aspects of Iu-Mien intonation have been analyzed. 
[11] shows a lowered F0 for the falling and/or low tones of 
sentence final words in the negation sentence frame [jiə³³ 
m:a:i⁴⁵⁴___] (‘I don’t have __’) when compared with the same 
tones produced in the final position of the statement frame [jiə³³ 

ma:i³¹  ___] (‘I have __’). [8] looked at intonation patterns of 
yes-no questions used in colloquial Iu-Mien, a speech style 
where the final particle is omitted. He noted that these questions 
typically end with a lexical word with its tone contour affected 
by the question intonation. He observed that the yes-no question 
intonation modifies different lexical tones in different ways. In 
question-final position, the low tones are produced with a raised 
F0, and the mid and high-rising tones are produced with a 
falling F0. Iu-Mien thus presents an interesting case in that yes-
no question intonation could be either falling or rising 
depending on the identity of the lexical tone in sentence-final 
position.    

[8] also mentions that, in less colloquial contexts, a 
sentence-final particle nyei³³ is used both in yes-no questions as 
well as in answers to these questions. However, he does not 
analyze how the mid-level tone of nyei³³ interacts with the 
intonation of  questions or statements.  The present 
investigation aims to fill this gap. Using less colloquial speech 
samples that include instances of nyei³³ in both yes-no questions 
and in answers to these questions, we examine the acoustic 
effects of question and statement intonation patterns on the F0 
contour of the particle.  

2. This study 

2.1. Overview  

The goals of this study are two-fold. First, we investigate the 
influence of sentence type on the prosodic realization of 
sentence-final nyei33.  To that end, we compare the F0 contour 
over the particle when it appears at the end of yes-no questions 
to that at the end of statements which serve as answers to such 
questions. Second, we examine the effect of the tone carried by 
the preceding syllable on the F0 of nyei33, with special emphasis 
on the onset of the contour. Our goal here is to uncover the 
temporal extent of tone coarticulation. Both investigations 
contribute to a relatively small but growing body of work on the 
acoustics of Iu-Mien tone and prosody. 

2.2. Speakers and materials 

The study is based on recordings of five female native speakers 
of Iu-Mien who are also bilingual in English. They not only 
speak Iu-Mien at home but also are involved in language 
preservation in the Mien community. When recorded, the two 
youngest speakers (S1 and S2) were 18 years old, the oldest 
speaker (S5) was 55 years old (mean age 34 years old).  

The data come from two types of educational materials: 
recordings of short dialogues between two young female 
speakers (S1 and S2) [13] and recordings of short stories read 
by a female speaker (S3) [14]. These materials created by Iu-
Mien speakers themselves serve the Mien community by 
providing language training for the younger generation 
alongside language documentation ([15]). The study also 
includes our own recordings of two female speakers (S4 and 
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S5). Speakers S4 and S5 were asked to first translate a yes-no 
question from English into Iu-Mien and then repeat it twice in 
Iu-Mien. All recordings were made using the Sound Studio 
software program on a Mac with a head-mounted Telex H-831 
microphone. A total of 178 utterances were recorded. Table 1 
summarizes the distribution of the recordings across speakers 
and sentence types. 

 
Table 1. Number of tokens by speaker and sentence type. 

Speaker S1 S2 S3 S4 S5 Total 
Questions 35 36 9 22 20 122 
Statements 29 21 6 --- --- 56 

Total 64 57 15 22 20 178 
 

For each recorded utterance, the final nyei³³ particle was 
segmented and its F0 contour measured using a semi-automated 
script in Praat [16]. Measurements were taken at every 5th 
percentile of the word’s duration, for a total of 19 samples per 
contour. To improve accuracy of the F0 tracker, the script 
allowed visual inspection and settings adjustments at the token 
level. A total of 3,382 points were sampled (178 tokens ´ 19 
time points). Of these, 158 were discarded due to tracking error 
(most errors were due to irregular glottal pulses). The remaining 
3,224 measurements were included in the analysis. 

2.3. Statistical analysis 

The F0 measurements were modeled in R version 4.2 [17] using 
Generalized Additive Mixed Models (GAMMs) provided by 
the mcgv [18] and itsadug [19] packages. Separate sets of 
analyses were carried out to investigate the effects of sentence 
type (Section 3.1) and preceding tone (Section 3.2). All models 
included a fixed smooth term for time point as well as a random 
smooth term for each utterance as predictors. All smooth terms 
used cubic regression splines for basis functions, with the 
number of knots set to 10. 

In Section 3.1, separate GAMMs were fit to each 
individual’s data. For speakers S1, S2 and S3, the models 
included both a parametric term and a difference smooth for 
sentence type (the former modeled overall difference in mean 
F0 while the latter modeled the difference in contour shape 
between yes-no questions and statements). Since speakers S4 
and S5 only provided questions, their models featured an 
intercept, an overall smooth parameter, and the random effects 
described above. 

To investigate the effect of preceding tone (Section 3.2), 
separate models were fit to the question and statement data. 
Here, the data were combined across speakers (see below for 
details). Each model included a parametric term and a 
difference smooth for preceding tone, as well as random 
smooths for each speaker.  

Following [18], the significance of parametric and smooth 
terms was assessed via the t-test and the ‘approximate F-test’, 
respectively. Where appropriate, p-values were Bonferroni-
adjusted to account for multiple comparisons. Additional model 
details are specified below. 

3. Results 

3.1. Effect of sentence type 

Figure 1 shows the GAMM fits by sentence type for each 
speaker. With the exception of S2, all speakers appear to have 
produced a falling F0 contour over nyei³³ in yes-no questions 
(S2 produced a rise in this context).  

The contour shapes seen in Figure 1 were supported by the 
modeling results: for each speaker, the smooth parameter 
representing questions was significantly different from a flat 
line (S1: F(8.48, 8.81) = 42.96, p <.001; S2: F(8.00, 8.24) = 
41.41, p <.001; S3: F(8.36, 8.52) = 22.97, p <.001; S4: F(8.55, 
8.88) = 32.28, p <.001; S5: F(7.86, 8.47) = 18.40, p <.001). The 
falling question contours dropped between 40Hz and 80Hz on 
average, while the question contour of S2 rose by 
approximately 55Hz.  

 

 
Figure 1: Predicted F0 contours over sentence final nyei³³, 

by speaker and sentence type. Shaded regions indicate 
95% confidence intervals. 

For speakers S1, S2 and S3, the statement contours were 
relatively flat, and differed significantly in shape from the 
questions contours (S1: F(8.53, 8.83) = 31.91, p <.001; S2: 
F(3.55, 3.89) = 21.47, p <.001; S3: F(7.06, 7.44) = 10.13, p 
<.001). To investigate the divergence between question and 
statement contours across time, Figure 2 plots the difference 
smooth from each of the three models.  

Positive values on the y-axis represent regions where the 
predicted question contour was higher in F0 than the predicted 
statement contour, and vice versa. The red regions indicate 
portions of the target nyei33 when the difference between 
question and statement smooths reached statistical significance.  
Thus, for S1 and S3, the latter half of the question contour fell 
relative to the statement contour, whereas for S2 the question 
contour began to rise approximately 25% into the target word’s 
duration. 
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Figure 2: Difference smooths representing the estimated 
difference between question and statement contours over 
the duration of final nyei33, by speaker. Shaded regions 

represent 95% confidence intervals. 

3.2. Effect of preceding tone 

To investigate the effect of the tone of the preceding syllable on 
the realization of the nyei33 F0 contour, the data were split by 
sentence type. For questions, only the data for speakers who 
produced falling contours (S1, S3, S4, S5) were used; these 
were combined into one model with random by-speaker smooth 
terms. A total of 86 contours were entered into the model; Table 
2 shows the distribution of the tokens across preceding tones. 

Table 2: Number of tokens by preceding tone, questions.  

Tone t21 t23 t232 t31 t33 t45 total 
n 12 19 4 10 19 22 86 

 
Figure 3 shows the model predictions. Qualitatively, there 

appears to be evidence of tone coarticulation: targets following 
the high-rising t45 begin with the highest F0, while those that 
follow the low-falling t21 begin at the lowest. Likewise, the F0 
onsets of the other target contours seem to be arranged roughly 
according to preceding tone height. 

Model coefficients provide support for the pattern seen in 
the figure. All difference smooths were significantly different 
from the reference smooth for t45, indicating a difference in 
contour shapes (t33: F(1.01, 1.01) = 5.20, p < .05; t31: F(2.47, 
2.84) = 7.44, p < .001; t232: F(1.00, 1.00) = 12.44, p < .001; 
t23: F(7.32, 8.11) = 7.08, p < .001; t21: F(6.39, 7.28) = 5.85, p 
< .001). In addition, the parametric terms for t23 and t21 were 
significantly different from t45, indicating overall lower mean 
F0 (t23: b = -5.24Hz, t = -2.03, p < .05; t21: b = -15.10Hz, t = 
-5.13, p < .001). 

 

 
Figure 3: Predicted F0 contours over sentence-final nyei³³ 
in yes-no questions, by preceding tone (data from S1, S3, 

S4 and S5). Confidence intervals omitted for clarity. 

Subsequent planned comparisons revealed an additional 
significant difference between t33 and t21 (parametric term: b 
= -7.14Hz, t = -4.35, p < .001; smooth term: F(6.33, 7.26) = 
11.74, p < .001). Figure 4 displays the difference smooths for 
the pairwise differences between t45-t33 and t33-t23, with the 
regions of significant difference marked in red. As seen in the 
figure, preceding tone effects extend more than 35% into the 
target F0 contours. 

 
Figure 4: Difference smooths representing the estimated 
difference in F0 contours of question-final nyei33 when 

preceded by t45 vs. t33 (left) and t33 vs. t21 (right). 
Shaded regions represent 95% confidence intervals.  

On average, the F0 onset of nyei33 was about 12Hz higher 
when preceded by t45 than by t33, and about 30Hz higher when 
preceded by t33 than by t21. 

For statements, data from speakers S1, S2 and S3 were 
combined in the same model. A total of 56 contours were 
analyzed; Table 3 shows the distribution of tokens across 
preceding tones. 

Table 3: Number of tokens by preceding tone, statements.  

Tone t21 t23 t232 t31 t33 t45 total 
n 8 6 1 18 10 13 56 

 
The model predictions are plotted in Figure 5. As with the 

questions, the F0 onsets of statement contours appear to show 
coarticulation with the preceding tones: the higher the 
preceding tone, the higher the F0 onset of the final nyei33 
particle. 
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Figure 5: Predicted F0 contours over sentence-final nyei³³ 
in statements, by preceding tone (data from S1, S2, and 

S3). Confidence intervals omitted for clarity. 

The results of the model indicated that most difference 
smooths were significantly different from the baseline t45, 
suggesting differences in shape (t31: F(1.01, 1.01) = 22.01, p < 
.001; t23: F(3.45, 4.06) = 3.52, p < .01; t21: F(2.26, 2.60) = 
10.95, p < .001). The difference smooths for t33 and t232 failed 
to reach significance (though recall that there was only one 
token of the latter in the data). Only the parametric term for t21 
was significantly different than t45, indicating a difference in 
overall contour height (b = -14.56Hz, t = -3.27, p < .01). This 
was likely driven by the difference at the onset of the contours. 

Planned comparisons revealed an additional difference 
between t33 and t21 (parametric term: b = -6.60Hz, t = -3.26, p 
< .01; smooth term: F(1.00, 1.00) = 24.12, p < .001). Figure 6 
plots the difference smooths for the pairwise differences 
between t45-t31 and t33-t21. 
 

 
Figure 6: Difference smooths representing the estimated 
difference in F0 contours of statement-final nyei33 when 

preceded by t45 vs. t31 (left) and t33 vs. t21 (right). 
Shaded regions represent 95% confidence intervals.  

As with questions, the effect of preceding tone extends 
more than a third into the following target word. On average, 
the F0 onset of nyei33 is about 15Hz higher when preceded by 
t45 than by t31, and about 20Hz higher when preceded by t33 
than by t21. 

4. Discussion 
The first aim of our study was to investigate the prosodic 
behavior of the sentence-final nyei33 particle when it appears in 
yes-no questions versus statements. In the latter, the particle 
was found to maintain its canonical 33 tone pattern, which was 

instantiated by a relatively flat F0 contour. In yes-no questions, 
the particle featured a more dynamic F0 contour. In 4 out of the 
5 speakers, F0 fell across the particle’s duration. These speakers 
consistently produced yes-no questions with a falling intonation 
on the sentence-final nyei33 particle in different contexts: 
dialogues (S1), reading stories (S3), and finally translating yes-
no questions from English into Iu-Mien and then repeating them 
twice (S4 and S5). In their production, the falling contour of 
nyei33 patterned with the falling contour of the mid-tone of 
sentence final lexical words. Following the earlier work on Iu-
Mien questions ([8,9]), we were expecting this pattern of the 
yes-no question intonation. For the remaining speaker (S2), the 
contour of the sentence-final nyei33 rose and thus patterned with 
Iu-Mien low tones in a sentence-final position of yes-no 
questions. Reasons for the difference between speaker 
strategies are unclear; more work is required to understand 
additional factors that might play a role in the prosodic 
realization of nyei33.The present study joins other studies in the 
broader effort to understand how and to what extend tone level 
and tone contour of a sentence-final particle are modified by 
intonation in tonal languages. The findings made by [4], [5], [6] 
show that question-final particles in Mandarin and Cantonese 
are characterized by a rising F0 contour.  In contrast, our 
preliminary results show that, in Iu-Mien, the sentence-final 
nyei33 particle in yes-no questions can exhibit two very different 
F0 contours, which differ in turn from that found in answers. 
These findings offer a new look at an interaction between a tone 
and an intonation.  

Our second aim was to investigate the coarticulatory effect 
of the preceding tone on the realization of the target F0 contour, 
so called carry-over effects ([20], [21]). Our goal was to 
measure its extent, both in terms of F0 differences and in terms 
of temporal spread. Qualitatively, differences in F0 onset 
appeared to parallel the phonological height of the preceding 
tone. Although not every tone pair produced a significant 
difference, the models supported the general trend. For 
contrasts that did reach significance, the coarticulation effects 
ranged between 12Hz and 30Hz, extending more than 30% into 
the contour’s duration (cf. [21]). More data per contour is 
needed to examine the robustness of the patterns seen in this 
study. 

5. Conclusions 
The particle nyei³³ carries two levels of prosodic information: 
an inherent lexical tone and a tone that carries intonation 
information. Through a speech production analysis, the present 
study has explored how the sentence final particle nyei³³ fulfils 
the function of differentiating yes-no questions from 
statements. The analysis has shown that yes-no question 
intonation has either a falling or rising sentence-final melodic 
curve. Final tone lowering was observed in the production of 
four speakers; final tone rising was observed in the production 
of only one speaker. 

In addition, the F0 contour of the nyei³³ particle was subject 
to carry-over effects from the tone of the preceding syllable. 
These effects extended more than a third of the way into the 
duration of the particle, after which point the tonal targets were 
reached. 
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