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Abstract

This study investigates tone changes in lu Mien, a Hmong-Mien language with two complex
contour tones: high rising-falling (T3) and low rising-falling (T4). L-Thongkum (1988)
observed younger speakers producing rising variants of T3 and T4, which she attributed to Thai
contact. This study replicates L-Thongkum’s study 34 years later to observe tone changes in real
time and examine the potential role of peak delay, a phonetic bias resulting in a later fO peak. 40
speakers (ages 12-84) produced T3 and T4 monosyllables in isolation and in a carrier phrase. fO
was modeled using Generalized Additive Mixed Modeling (GAMM). Results confirm
incremental change toward rising variants of T3 and T4. Older speakers showed peak delay
(with more of a rising contour) under conditions of shorter duration and preceding low tone.
Critically, younger speakers produced peak-delayed, rising variants in all conditions, indicating
generalization of the rising contour. While language contact may have initiated the changes, a
phonetic bias toward peak delay generated the seeds of potential change. The change from
rising-falling > rising aligns with apparent-time studies in other Asian languages, suggesting
this may be a crosslinguistically unidirectional pathway.

Keywords: tone change, real time, peak delay
1SO 639-3 codes: ium, tha

1 Introduction

Research on diachronic tone change lags behind segmental sound change (Thomas 2019; Campbell 2021).
The constraints problem, i.e., delineating limitations on direction of change (Weinreich, Labov & Herzog
1968), is one of the foundational questions in the study of sound change, and yet remains underexplored for
tone. Until recently, the lack of acoustic tone analysis from earlier time periods hindered the documentation
of tone change over time (Pittayaporn 2018). Researchers were limited to apparent-time studies, where
change is inferred based on generational differences observed at one point in time (Labov 1994). Fortunately,
the instrumental study of tone began in the last century (Bradley 1911), making it now possible to compare
acoustic results for certain languages across time periods and observe change in real time. The field has
entered an exciting era of discovery.

The present study examines tone variation and change over the past 34 years in the lu Mien language
(1SO 639-3 code [ium]; Glottocode [iumil238]) of northern Thailand. lu Mien is a Hmong-Mien language
spoken in southern China and surrounding areas by over 800,000 speakers; there are approximately 45,000
speakers in Thailand (Eberhard, Simons & Fennig 2023). L-Thongkum (1988) conducted one of the first
acoustic studies of lu Mien tone, recording speakers from various age groups in Huai Mae Sai Village,
Chiang Rai Province. Based on data from the 1988 study, L-Thongkum (1997) identified generational
differences in the pronunciation of Tone 3 (T3; high rising-falling) and Tone 4 (T4; low rising-falling).
Specifically, L-Thongkum (1997) observed that younger speakers’ pronunciations of T3 and T4 had become

Copyright vested in the author; Creative Commons Attribution License



Yang, Engelkemeir, & Arisawa | lu Mien Tone Change in Real Time | JSSEALS 17.1 (2024)

phonetically similar to the High and Rising tones of Standard Thai, which she interpreted as the result of
ongoing change due to contact with the national language.

We replicate L-Thongkum’s (1988) study with an apparent-time study conducted in 2022, 34 years
later, and compare our results to hers. The present study is one of the first trend studies on tone change,
enabling observations in real time. Our restudy of the lu Mien community of Huai Mae Sai, Thailand, has the
potential to confirm L-Thongkum’s (1997) interpretation of generational differences as reflecting ongoing
tone change. Clearly establishing the direction of tone change contributes towards solving the constraints
problem by providing empirical evidence of the pathways along which tones may shift over time. In addition
to documenting change in real time, we also aim to investigate the role of the phonetic bias known as “peak
delay” (Xu 2001) in facilitating the observed tonal changes. Peak delay refers to a rightward shift in the
alignment of an fO peak, which can cause rising-falling tones to take on more of a rising shape over time.
Examining whether peak-delayed variants expand their distribution across generations can shed light on how
phonetic bias may result in diachronic tone change.

Our approach aligns with sound change models that aim to connect synchronic phonetic and systemic
biases with diachronic change (Blevins 2004; Garrett & Johnson 2013; Ohala 2003; Pittayaporn 2018).
Crosslinguistically common sound changes are often unidirectional: they happen in one direction but not in
the opposite direction (Bybee 2012). For example, velars often become palatals before fronted vowels, but
palatals perhaps never become velars in such conditions (Harrington et al. 2019). Such directionality is
thought to reflect the fact that phonetic variants—the seeds of potential sound change—are not generated
randomly but rather through production and perception biases (Garrett & Johnson 2013; Pittayaporn 2018).

Almost all models of sound change agree that synchronic variation is a necessary (but not sufficient)
condition for diachronic sound change (Bybee 2012; Chitoran 2012; Bermldez-Otero 2020; Yu 2021).
Sound change occurs when a phonetic variant becomes more frequent, expanding its distribution and shifting
the center of the range of variation (Bybee 1999). Bermudez-Otero (2020) proposes that sound change may
happen at the community level if members perceive an inverse correlation between the use of a variant and
age (an “age vector”) and then align their use according to that age vector (“momentum-sensitive learning”).
Momentum-sensitive learning may account for why phonetic biases continually generate contextual variants,
but only some of those variants undergo community-level propagation (Bermddez-Otero 2020).

An important parameter of tone variation is tonal alignment, the timing relationship between a tone and
its tone-bearing-unit (TBU), the portion of the segmental string that the tone is associated to (Karlin 2018;
Barnes et al. 2012). A tone’s f0 movement unfolds in time simultaneously with the segmental string, and
tonal alignment conveys crucial cues for tone perception (Burroni 2023; Zsiga & Nitisaroj 2007). One
articulatory constraint on tonal alignment is the maximum speed of fO change, which may be approached
even at normal speech rates (Xu & Sun 2002). This physiological limitation can result in peak delay, which
has been defined as when the fO peak occurs in the syllable following the one it is lexically associated with
(Xu 2001). In this paper, we broaden the definition of peak delay to include peaks shifting to a later
alignment even within the lexically-associated syllable, not only onto the following syllable.

Based on the bias toward synchronic peak delay, Pittayaporn (2018: 262) predicts that, diachronically,
fO0 peaks are more likely to slide rightwards than leftwards, a directionality he terms “peak sliding.”
Pittayaporn (2018) illustrates peak sliding through a case study of change in real time in Bangkok Thai Tone
4 “High”, which morphed from having an early-aligned peak to a late-aligned one during the first half of the
20" century (see Figure 1). Note that when a peak slides to the right, overall contour shape changes as well,
as in Thai Tone 4 moving from a rising-falling contour to more of a rising contour.

Figure 1: Peak sliding in Tone 4 “High” of Bangkok Thai in the first half of the 20" century, adapted with
permission from Pittayaporn (2018) Figure 5.

Tone 4 Tone 4

D

Crosslinguistically, rising-falling tones may be susceptible to peak sliding. Yang & Xu’s (2019) survey of
tone change in Asian languages found several instances of contour change in rising-falling tones that
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appeared to reflect peak sliding—i.e., the peak of a rising-falling tone shifting to a later alignment. In
contrast, instances of a peak shifting to an earlier alignment were not reported. This finding suggests that
rightward sliding (as opposed to leftward sliding) is a unidirectional trend, at least when affecting rising-
falling tones.

The phonetic bias for peak delay may be a contributing factor in the specific changes observed in the lu
Mien rising-falling tones T3 and T4. L-Thongkum (1997) attributed the T3 and T4 changes to language
contact, without considering the role of phonetic bias. This study expands on the previous study by also
examining language-internal factors, specifically peak delay, since rising-falling tones appear prone to peak
sliding.

Peak delay is likely to occur at faster speech rates, when the rate of syllable production exceeds the
physiological limit for rapid pitch changes (Xu 2001). We therefore predict that peak delay, broadly defined,
will probably occur in target syllables produced at a faster speech rate. Peak delay also tends to occur when
the preceding tone’s f0 offset is low but the target tone’s peak is high, since a larger f0 transition requires a
longer time (Xu & Sun 2002). We therefore predict that a preceding low tone will also favor peak delay. We
especially want to know if peak-delayed variants expanded in their distribution across generations, i.e.,
whether younger speakers produce rightward shifted variants not only in the original conditioning
environment but also in other environments.

The present study addresses two research questions concerning variation and change in T3 and T4:

1) Comparing the 1988 and 2022 acoustic results, is there evidence of a monotonic (unidirectional) trajectory
of change in real time?

2) Does peak delay occur under conditions of preceding low tone and shorter duration, and does the peak-
delayed variant expand its distribution across generations?

2 Variation and change in lu Mien tones

lu Mien belongs to the Mienic branch of the Hmong-Mien family (Ratliff 2010). Most words are
monosyllabic, and syllable structure is (C)V(V)(C) (Prasertsud 2017). Purnell (2012:xxv) describes two tone
alternation patterns in disyllabic words, but since the present study’s focus is monosyllabic words, we do not
discuss these alternations further. L-Thongkum (1997) analyzes lu Mien as having six tones, described in
Table 1:

Table 1: Description of the lu Mien tone system according to L-Thongkum (1997:156)

Tone label Orthographic Historic tone  Chao pitch Prose description

marker category number
T1 unmarked Al 33 mid level
T2 -h A2 31 mid falling
T3 -V B1 453 high rising-falling
T4 -Z B2 232 low rising-falling
TS5 -X C1 34 mid rising
T6 -C C2 21 low falling
T3 checked -V D1 45 high rising
T6 checked -C D2 21 low falling

L-Thongkum (1988) recorded 24 lu Mien speakers (age range 17-56 years; 12 female) in Huai Mae Sai
Village. Her report provided fO measurements at the 0%, 25%, 50%, 75%, and 100% timepoint for one token
per tone per speaker. Figure 2 presents acoustic analysis results from the 1988 dataset based on six speakers
born in the 1940’s. FO is converted to semitones relative to each speaker’s f0 mean (the zero level in Figure
2; Zhang 2018) and fitted to a cubic polynomial curve using the geom_smooth function in R (Wickham
2016; R Core Team 2023). The curves in Figure 2 match the prose descriptions in Table 1.
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Figure 2: lu Mien tone system, redrawn from L-Thongkum (1988) s dataset, using a subset of six speakers
(three female) born in the 1940’s, fit to a polynomial curve with the geom_smooth function in ggplot2
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L-Thongkum (1997) described generational differences in the pronunciation of T3 and T4, claiming that
younger speakers pronounced T3 as a high rising tone and T4 as a low rising tone. Figure 3 shows the
acoustic analysis results from a female speaker born in the 1970’s from L-Thongkum (1988)’s study. For this
speaker, the contour of T3 is simply rising, and the final fall of T4 is late in the syllable and only slight. Also,
T5 appears to have lowered from mid rising to low rising. Changes to T4 and T5 result in increased phonetic
similarity between these two contrastive tonemes. Based on these findings, L-Thongkum (1997) predicted
that T4 and T5 would merge completely, resulting in a five-five-tone system. She claimed that the observed
generational differences in T3 and T4 were due to contact with Standard Thai.

Increased proficiency in Standard Thai among younger lu Mien speakers is the basis for L-Thongkum
(1997)’s claim. L-Thongkum (1997) described the rapidly changing sociolinguistic context of the lu Mien
community in Huai Mae Sai Village in the late 1980’s and early 1990’s. A primary school built in the village
began offering basic education in 1978, with Standard Thai as the medium of instruction. Increased access to
education, as well as a growing tourism industry, led to a dramatic increase in proficiency in Standard Thai
among young people by the early 1990’s (p. 154). However, intra-group interaction was still reserved for lu
Mien, with Northern Thai spoken with local non-lu Mien neighbors and Standard Thai spoken in formal
situations (p. 155).
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Figure 3: lu Mien Tones 3, 4, and 5, redrawn from L-Thongkum (1988)’s dataset, using a subset of one
female speaker born in the 1970’s, fit to a polynomial curve with the geom_smooth function in ggplot2
(Wickham 2016)
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To contextualize L-Thongkum’s (1997) claim of contact-induced change, we now illustrate Standard Thai
tone pronunciation in the 1970’s, when the first school cohort in Huai Mae Sai was educated in Standard
Thai. Figure 4 shows tones produced by a Bangkok Thai speaker recorded in 1973-1974 (Abramson 1979).
Standard Thai has five tone contrasts, commonly labeled as Mid, Low, Falling, High, and Rising (Abramson
1979). L-Thongkum (1997) describes Standard Thai High Tone as a high rising tone (Chao pitch numbers
[45]) and Rising Tone as a low rising tone (Chao numbers [15]). In Figure 4, High and Rising appear with a
rising contour, albeit with an initial fO dip before the rise begins. The high rising contour that younger lu
Mien speakers produced for Tone 3 in L-Thongkum (1997) therefore matched Thai High Tone’s rising
contour. Similarly, the low rising variant of Tone 4 produced by younger lu Mien was like the Rising tone in
Thai. The changes of lu Mien T3 and T4 from rising-falling to rising thus result in a tone system that is more
phonetically similar to Standard Thai. Also, the merger of T4 with T5 would result in a five-tone system,
matching the inventory size of Standard Thai. Consequently, L-Thongkum (1997) described these tonal
shifts as being contact-induced.

Figure 4: Average fO contours on isolated Thai monosyllables for one speaker. Reproduced from Abramson
(1979) Figure 1.
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3 Methodology

3.1 Data collection

The current study employed a methodology designed to elicit production data and facilitate comparison with
previous research. A picture-naming task rather than a reading task was chosen to elicit production, to
minimize potential influence from reading a Thai-based script. The list of items to be named (see Appendix
in supplementary materials) consisted of 50 monosyllabic words taken from everyday life. The 50-item list
included all 24 words listed in L-Thongkum (1997), in order to increase comparability between the present
study and L-Thongkum (1997). The 7-10 words per tone in the list were roughly balanced for syllable-initial
consonant type (voiceless obstruent, voiced obstruent, voiced sonorant). For each word, a line drawing was
selected as prompt in the naming task.

Forty native speakers of lu Mien were recruited for recording (20 female, ages 12-74, median 44.5; 20
male, ages 14-84, median 48). Speakers were recorded in two locations: Huai Mae Sai Village, the field site
of L-Thongkum’s (1988, 1997) earlier studies, and Huai Kaeo Village, located within 20 kilometers of Huai
Mae Sai. Twenty-two participants reported Huai Mae Saai Village as their hometown. Other participants
reported locations such as Huai Kaeo and Huai Chomphu, which are considered to belong to the same dialect
as Huai Mae Saai. All speakers reported fluency in Northern Thai, Standard Thai, and lu Mien.

Compared to L-Thongkum’s (1988, 1997) earlier studies, one notable sociolinguistic difference is the
increased use of Thai (Standard and Northern) among the 2022 sample. All participants aged 55 and older
reported lu Mien as the language they speak most fluently, but almost all participants under the age of 55
reported Thai as their favored language, with lu Mien listed as second. This generational difference reflects
increased access to Thai through formal education. Figure 5 illustrates the strong relationship between year
of birth and education level in the 2022 sample, with participants born after 1970 attaining much higher
levels of education in the Thai language compared to previous generations.

Figure 5: Education levels by year of birth in the 2022 sample
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The data collection procedure was conducted in Standard Thai and lu Mien. After orientation to the research
and an interview about the speaker’s demographic information, the speaker was asked to look at each prompt
(a line drawing) and give the name of the item in lu Mien. Speakers were instructed to repeat the word four
times and once in a carrier sentence.

The carrier sentence in (1) embedded the target word between two low tones. This phrase-medial
context is favorable to peak delay for two reasons. First, a preceding low tone requires a longer transition to a
high f0 peak (Xu & Sun 2002). Second, in connected speech the syllable duration is typically shorter than in
isolation (Xu 2006). Comparison of isolation and phrase-medial forms enables us to address RQ2, which
examines whether the distribution of peak-delayed variants increases across generations.
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(1) naiN  buai heul ol
Naaiv. mbuo heuc oc
this 1P.inc call polite.particle

n

“This we call a .

Recordings were made with a Zoom H4nPro recorder and Shure SM35 headset condenser microphone
positioned approximately one inch from the participants’ mouths (sampling rate of 44.1 kHz). Each
participant received a small gift of money and/or boxed soymilk in thanks for their time (20-30 minutes per
participant).

3.2 Data processing and analysis

The rhyme (nucleus and coda) of each token was manually segmented and labeled in Praat (Boersma &
Weenick 2023). FO values were extracted every 10 msec (Stanford 2016). For cross-speaker comparison, fO
was converted to semitones in reference to speaker-specific mean fO (Zhang 2018). Tokens that had
measurement errors or were shorter than 50 milliseconds were excluded, leaving a total of 1777 T3 tokens
(1443 citation form, 334 phrase-medial form) and 1416 T4 tokens (1144 citation form, 272 phrase-medial
form). Extracted fO data and the code used to analyze and visualize the data are available in the
supplementary materials repository at https://doi.org/10.5281/zenodo.10597579.

We explored the effect of language-internal and language-external factors on fO for T3 and T4 using
general additive mixed modeling (GAMM). GAMMs are like linear mixed effects regression modeling in
that both can include fixed and random effects, hence “mixed” (S6skuthy 2017). One difference is that
GAMMSs model non-linear relations between predictors and outcome by including “smooth” terms (Séskuthy
2021; Wieling 2018). This is useful when modeling dynamic tonal contours, because fO varies non-linearly
with time across the syllable (Chuang, Fon & Baayen 2021). R packages mgcv version 1.9-0 (Wood 2017)
and itsadug version 2.4.1 (Rij et al. 2022) were utilized for model fitting, data visualizations and model
comparison, following recommendations from Soskuthy (2017).

We constructed one model for T3 and another for T4 and T5 together, since we are interested in
potential merger between T4 and T5 (though discussion of merger falls outside the scope of this paper).
After inspection of the distribution of the residuals revealed two heavy tails (i.e., a t-distribution rather than a
normal distribution), we modeled the data with a scaled t-distribution (family = “scat”), following Chuang et
al. (2021). In both models, fO is the outcome variable. Sex (male, female) and Context (phrase-medial,
citation) were included as parametric terms to capture variation in overall fO height.

The data collected in the present study is not sufficient to tease apart the impact of contact versus
phonetic bias. Variation in Thai proficiency across speakers could potentially shed light on the role of
language contact in the changes, but in the 2022 sample, education level is colinear with age, such that
speakers born after 1970 attained much higher levels of education in the Thai language compared to previous
generations (see Figure 5). As a result, using education as a proxy for Thai contact is not feasible, as its
effect cannot be disentangled from age. The focus of this study was therefore on documenting any
incremental changes across generations and examining potential phonetic biases like peak delay that may
have influenced the direction of the change. Disentangling language-internal and language-external forces
will require alternative approaches in future research.

To model the dynamic shape of the contour, a smooth term of Timepoint (centered) was incorporated as
a continuous variable. Additional smooth terms for Decade of birth and Duration were included. To
investigate the effect of Decade of birth on contour shape, a tensor product interaction between Timepoint
and Decade of birth was included. A tensor product interaction allows the shape of the non-linear smooth
(here representing the tonal contour over the duration of the rhyme) to vary by another factor (here, Decade
of Birth). This enables examining whether the contour shape changes systematically across generations.
Similarly, a tensor product interaction between Timepoint and Duration was included to examine the effect
of duration on contour shape. The model also contained a tensor product interaction between Duration and
Decade of birth, to examine how the effect of Duration on fO was modulated by Decade of birth. All smooth
terms and tensor product interactions were allowed to vary by Sex and by Context. To account for individual
speaker and word variability, random smooths for Speaker and Word were included.

The T4-T5 model was identical to the T3 model in structure except all smooth terms were additionally
allowed to vary by Tone (two levels: Tone 4 or Tone 5). Model comparison was accomplished by creating a
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model that excluded the parametric and smooth terms corresponding to a predictor, as well as interactions
involving that predictor, and then comparing that model to the full model using ANOVA (Séskuthy et al.
2018).

4 Results

Figure 6 presents a tone plot of the lu Mien tone system as produced by speakers recorded in 2022 who were
born in the 1940°s, representing a conservative pronunciation of the tones. The basic shapes of all the tones
are similar to the tone plot seen in Figure 2, which represents the pronunciation of speakers born in the
1940’s recorded in 1988. The minimal differences between 1988 dataset and the current dataset suggests that
speakers born in the 1940’s generally have remained stable in their pronunciation of tone over the past 34
years.

Figure 6: Iu Mien tone system based on data from the current study, using a subset of seven speakers (two
female) born in the 1940’s, fit to a polynomial curve with the geom_smooth function in ggplot2 (Wickham
2016)
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4.1 RQ1: Trajectory of change in real time

In this section, we address RQ1: is there evidence of a consistent trajectory of change in real time? We
compare L-Thongkum’s (1988) results with our 2022 results to examine whether the change rising-falling >
rising shows gradual incrementation across generations. This section allows visual inspection for trends
across generations, and Section 4.2 presents the results of the GAMM modeling.

4.1.1Tone3

We first examine generational variation in Tone 3, the high rising-falling tone, as shown in Figure 7. Each
individual trajectory in Figure 7 represents the pronunciation of one speaker: the 1988 dataset provided data
of only one citation token per speaker, but the 2022 dataset provides an average of 36 citation tokens per
speaker, which are then fit to one curve per speaker using the geom_smooth function in R (Wickham 2016;
R Core Team 2023).

A comparison of Figure 7a (from 1988) and 7b (from 2022) supports L-Thongkum’s claim regarding
the direction of change. Figure 7a shows that speakers born before 1960 consistently produced rising-falling,
but two female speakers born in the 1960°s and 1970’s produced rising. In Figure 7b (the 2022 dataset), the
majority of speakers born after 1970 produce rising. Though there are a few speakers born in the 1970’s and
1980’s that maintain rising-falling, almost all speakers born after 1990 produce a rising contour.
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Figure 7a) Tone 3 fO trajectory for each speaker from L-Thongkum (1988)’s dataset, which provided one
token per speaker, drawn with geom_line function in ggplot2 (Wickham 2016); 7b) Tone 3 f0 trajectory for
each speaker from the current dataset, with multiple tokens fit to one curve per speaker with the
geom_smooth function “gam” method in ggplot2 (Wickham 2016)
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A trend similar to the results described for Tone 3 is also seen for Tone 4. Figure 8 presents speakers’ Tone 4

trajectories for the 1988 dataset (one token per speaker) vs. the 2022 dataset (average of 29 tokens per
speaker). In 1988, speakers who were born in the decades 1930°s-1950’s produced a rising-falling contour
with peak aligned near the midpoint of the rhyme, but speakers who were born in the 1960°s and 1970’s
produced contours with a late peak. This trend continues for the younger speakers recorded in 2022, with
most speakers born in the 1980°s and after producing a rising contour rather than a rising-falling contour.
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Figure 8a) Tone 4 f0 trajectory for each speaker from L-Thongkum (1988)’s dataset, which provided one
token per speaker, drawn with geom_line function in ggplot2 (Wickham 2016); 8b) Tone 4 f0 trajectory for
each speaker from the current dataset, with multiple tokens fit to one polynomial curve per speaker with the

geom_smooth function in ggplot2 (Wickham 2016)
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4.2 RQ2: Peak-delayed variant expands its distribution

In this section, we address Research Question 2: Does peak delay occur under conditions of preceding low
tone and shorter duration, and does the peak-delayed variant expand its distribution across generations? We
predict that peak delay will occur under the above conditions, which are both found in the phrase-medial
context where targets were produced in a L_L frame with shorter duration. We also examine whether the
peak-delayed variant changes its distribution over the course of several generations. If peak sliding is
occurring as an ongoing change in T3 and T4, then we expect younger speakers to produce variants with a
later peak alignment not only in conditions favorable to peak delay, but also in isolation, a context without a
preceding low tone and often with longer duration than in connected speech.

In the present dataset, phrase-medial forms tend to be shorter in duration than citation forms
(monosyllables pronounced in isolation), as can be seen in the distribution of Tone 3 and Tone 4 durations
shown in Figure 9. We therefore cannot separately estimate the effects of context vs. duration on f0;
however, teasing apart those effects is not necessary to answer RQ2. In the following GAMM model
visualizations, we show short duration and phrase-medial context vs. long duration and citation context, to
model conditions that favor or disfavor peak delay, respectively.

7.5 — T T T
Time (normalized)
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Figure 9: Density plots of Tone 3 and Tone 4 durations by context. Citation forms tend to have longer
durations than phrase-medial forms.
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Table 2 shows the results of model comparison between the full model and a model that excludes a particular
predictor, in order to test whether that predictor has a significant effect on fO. For example, Decade of birth is
represented in the full model as a smooth term and in interaction with timepoint (to model the effect on
contour shape) and in an interaction with Duration (to model whether the effect of Duration on fO depends on
Decade of birth). Model comparison for Decade of Birth would then compare the full model with a model
that excludes the above terms involving Decade of Birth. Results in Table 2 show that including predictors of
Duration, Sex, Decade of birth, and Context significantly improves model fit. The interaction of Decade of
birth and Duration was only found to be significant for phrase-medial context (p<0.001), suggesting that the
effect of Duration on fO changed across generations for the phrase-medial context but not for citation
context.

Table 2: Model comparison results for Tone 3

Comparison 1 df p
Duration 2237.123 32 <.0001***
Sex 1036.565 31 <.0001***
Decade of birth 918.202 32 <.0001***
Context 70.317 31 <.0001***

Figure 10 and Figure 11 display model predictions for T3 for female and male participants, respectively. The
delay-favoring condition of short duration and phrase-medial context is shown in contrast to non-favoring
condition of longer duration and isolation context. The panels are arranged by decade of birth.

Comparing across decades of birth, a gradual change in the shape of the contour from rising-falling to
rising is apparent, a trend most strongly evident in female speakers (Figure 10). Furthermore, the younger a
speaker is, the more likely that a peak-delayed variant will appear in both favoring and non-favoring
conditions. For female speakers born in the 1940’s and 1950’s, distinct tonal alignments are seen in the two
conditions: the delay favoring condition shows a later peak compared to the non-favoring condition. The
later peak also co-occurs with reduction in the excursion of final fall, resulting in the delayed variant having
more of a rising contour than a rising-falling one.

Female speakers born in the 1960°s and 1970°s also show a peak delayed variant in the favoring
condition. In contrast with older speakers, however, the peak is located past the midpoint even in the non-
favoring condition. In female speakers born in subsequent decades (1980’s -2000’s), the peak in both
favoring and non-favoring conditions is located well past the midpoint, and the shape in both conditions is
similar: a rising contour with only minimal final fall.
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Figure 10: Tone 3 GAMM fitted values for different durations and context (500 msec in isolation and 200
msec in medial position) for female speakers, arranged by decade of birth. Ribbon represents 95%
confidence interval.
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For male speakers, as shown in Figure 11, the trends described above are also evident. Peak delay occurs in
the favoring condition but not in the non-favoring condition for speakers born in the 1940’s through 1950’s,
but for speakers born in the 1960’s and later decades, later peaks and more of a rising contour shape are seen
in both favoring and non-favoring conditions. Compared to females, male speakers born after 1960 more
closely adhere to a rising-falling contour shape in non-favoring condition. Male speakers born in 1980°s-
2000’s still show a recognizably rising-falling contour in the non-favoring condition, but the same cannot be

said for female speakers.

74



Yang, Engelkemeir, & Arisawa | lu Mien Tone Change in Real Time | JSSEALS 17.1 (2024)

Figure 11: Tone 3 GAMM fitted values for different durations and context (500 msec in isolation and 200
msec in medial position) for male speakers, arranged by decade of birth. Ribbon represents 95% confidence
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Table 3 shows model comparison results for the T4-T5 model. As discussion of potential T4-T5 merger is
beyond this paper's scope, we focus here only on interpreting the T4 results relevant to the research
guestions. Similar to the T3 results, T4 model comparison indicates that Decade of birth, Duration, Sex, and
Context had a significant effect on f0. In contrast with T3 results, the interaction of Decade of birth and
Duration was only found to be significant for citation context (p<0.001), suggesting that the effect of
Duration on fO changed across generations for the citation context but not for the phrase-medial context.

Table 3: Model comparison results

Comparison 1 df p
Decade of birth 3845.705 48 <.0001***
Duration 1899.290 48 <.0001***
Sex 69.148 31 <.0001***
Context 63.766 31 <.0001***

Figure 12 and Figure 13 present model predictions for T4 for female and male participants, in the same
arrangement as Figures 10 and 11. In contrast with the result for T3, female speakers born in the 1940°s and
1950’s do not produce distinct shapes according to condition (Figure 12): both conditions show a rising-
falling contour. However, female speakers born in the 1960’s and 1970’s produce late peak rising-falling
variants in the non-favoring condition and rising or falling-rising variants in the favoring condition. For
female speakers born in the 1980°s and later decades, the shape in both conditions is low rising with a more
distinctly “scoopy” rise compared to older speakers’ contours.
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Figure 12: Tone 4 GAMM fitted values for different durations and context (500 msec in isolation and 200
msec in medial position) for female speakers, arranged by decade of birth. Ribbon represents 95%
confidence interval.
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Figure 13 shows that male speakers born in the 1940°s and 1950’s produce distinct shapes by condition: later
peaks and less fO excursion (thus, more of a rising contour) are seen in the favoring condition. Males
speakers born in the 1960’s-1980°s maintain this conditioned variation, but those born in the 1990’s and
2000’s show similar contour shapes (rising) in both conditions. That is, younger speakers produce a peak-
delayed variant in both favoring and non-favoring conditions, a pattern that is also seen in Tone 3 results.

Figure 13: Tone 4 GAMM fitted values for different durations and context (500 msec in isolation and 200
msec in medial position) for male speakers, arranged by decade of birth. Ribbon represents 95% confidence
interval.
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5 Discussion and Conclusion

In response to RQ1, we find evidence of monotonic change in real time from rising-falling to rising contours
in Tones 3 and 4 over the 34 years from 1988 to 2022. Younger speakers increasingly produce rising
variants. This trend study’s results confirm L-Thongkum’s (1997) predictions based on data collected in
1988. Female speakers appear to be leading the change from rising-falling to rising contours in lu Mien
tones, producing more advanced variants compared to male speakers of the same generation. This result is in
line with well-established gender patterns in sound change in which women lead changes toward incoming
prestige variants (Labov 1990).

Turning to RQ2, peak delay occurred as predicted under conditions of a preceding low tone and shorter
duration. Critically, the peak-delayed variants expanded their distribution to non-favoring contexts (longer
duration, citation form) across generations. Younger speakers produced the peak-delayed variants not just in
favoring contexts but also in non-favoring contexts. For both tones, an age vector associating peak-delayed
variants with younger speakers has emerged. The increasing use of the peak-delayed rising variant among
generations born after 1970 most likely reflects “momentum-sensitive learning”, in which younger speakers
align their pronunciation with the perceived age vector, cf. Bermudez-Otero (2020).

L-Thongkum’s (1997) explanation that contact with Standard Thai drove these changes is supported by
the timeline, as dramatic increases in Thai proficiency occurred after 1978 when a primary school was built
in the village (p. 155). The observed changes accelerated amongst generations born after 1970 who gained
greater Thai proficiency through education. The present study cannot definitively tease apart the
contributions of language contact versus peak delay. However, the present study’s results show that peak
delay generates rising variants from rising-falling tones, providing a plausible phonetic precursor for the
changes, even if increasing use of Thai may have triggered the changes to initiate at that particular time.

Trend studies are valuable in establishing the direction of change in real time. However, few such
studies exist on tone change. The current study contributes to understanding of tone change through
documenting a case study of rising-falling > rising across the course of 34 years (1988-2022). The present
study’s results align with apparent-time case studies of other Asian languages showing the same pathway of
change: Bangkok Thai (Pittayaporn 2018), Wuxi Wu (Zhang 2014), Jining Mandarin (Wang 2006), and
Lanzhou Mandarin (Zhang 2012), as reviewed in Yang & Xu (2019). In contrast, rising > rising-falling has
not been reported in any ongoing tone change study to our knowledge, which implies that rising-falling >
rising may be a unidirectional trend. Rising is not expected to develop into rising-falling, because peaks
rarely slide leftwards in connected speech. This does not mean that simple contour tones will never develop
into complex contour tones. Indeed, preliminary evidence suggests that rising-falling may develop from high
falling (Yang, Kirby & Dockum 2023).

This study helps address the critical gap in documentation of tone change in real time. Further research
on a larger sample of lu Mien varieties is needed to determine if the changes are occurring in other dialects.
Investigating the social factors influencing individual variation would also shed light on propagation of the
changes through the community. By establishing a phonetic motivation for the (potentially) unidirectional
pathway rising-falling > rising, this study moves us closer to solving the constraints problem for tone change.
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