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Abstract
This study investigates Putonghua rhythm development among
Uyghur preschoolers in South Xinjiang, China. We exam-
ined 40 children (ages 5-7) grouped by Putonghua learning
time: mid-class (12 months, mean age 6;1) and senior-class (24
months, mean age 7;1). Speech samples were elicited through
picture-guessing tasks and analyzed using rhythmic metrics.
Our analyses reveal distinct developmental patterns compared
to Putonghua-speaking children, with neither group achiev-
ing metrics comparable to age-matched Putonghua-speaking 6-
year-olds. Consonant-related metrics emerged as increasingly
salient markers in later developmental stages. The findings
demonstrate that rhythm acquisition in this bilingual context is
modulated by cross-linguistic influence from Uyghur. These
results advance our understanding of L2 rhythm acquisition in
bilingual settings and have implications for developing auto-
mated speech assessment tools and optimizing speech recog-
nition systems for multilingual contexts.
Index Terms: speech rhythm, Putonghua acquisition, Uyghur
children, preschool children

1. Introduction
Rhythm, a regular perceptual pattern of prominent elements in
speech or poetry, is an important aspect of prosody in speech in-
teraction. Speech rhythm varies by language or dialect, speak-
ing style or genre, speaker’s personal traits, communicative in-
tentions, or emotions, and so on. It was previously believed to
be mastered by children at a young age like other prosodic as-
pects such as intonational contours, phrasing, and rhythm. This
belief stemmed from the observation that infants consistently
adjust pitch, duration, and intensity in their prelingual vocaliza-
tions to effectively respond to adult speech patterns. Infants not
only can detect the rhythmic patterns of their native language
but also possess the capacity to perceive related rhythmic cat-
egories from an early age. This ability varies among infants
exposed to different languages. By 9 months of age, Spanish-
learning infants can recognize the stress patterns of their na-
tive language, particularly when listening to “wug” words. This
demonstrates their sensitivity to contrastive lexical stress and
their ability to detect changes in stress patterns even without lex-
ical knowledge [1]. French-learning infants, on the other hand,
show a preference for the rhythmic structure of their native lan-
guage as early as 6 months, especially when processing stress
information. At the same age, German-learning infants exhibit
a language-specific iambic-trochaic bias, a pattern that is less
evident in French-learning infants [2].

In contrast to the early acquisition of language-specific in-
tonation, children do not produce fully adult-like rhythm pat-
terns in terms of interval-based metrics until the age of 4 or

5 years for “syllable-timed” languages, and not until after the
age of 5 years for “stress-timed” languages [3, 4]. English-
speaking children reach the adult-like rhythmic target by 11 to
12 years [5]. Infants’ rhythm perception and early speech pro-
duction are not synchronized. Initially, rhythm patterns resem-
bling those of adults are acquired on a word-by-word basis [6].
Children’s speech production tends to be more ”syllable-timed”
[7]. As they grow, the stress-timed nature of their speech rhythm
becomes increasingly evident [8, 9]. By the age of 2, when
children can already produce familiar words, they approximate
adult rhythm patterns by adjusting the pitch, intensity, and du-
ration of these words [10, 11].

In our previous study [12], for Putonghua (commonly re-
ferred to as Mandarin Chinese)-speaking children, the rhythm
development pattern would not reach maturity until age 6-7.
A comparison of rhythm metrics in child-directed speech and
children across age of 3-7 reveals significant differences re-
lated to variances in consonant-related metrics, indicating that
consonants (initials) are produced with greater development in
preschool children. This result also supports the investigation
of 4000 Putonghua-speaking children’s word production [13].
As children age, their vowel (final)-related metrics contribute
more to rhythm. For Chinese, the effect of duration variability
of finals on rhythm gradually increases.

The first language of Uyghur children in South Xinjiang
Uyghur Autonomous Region of China (south Xinjiang) is
Uyghur. As a Turkic language, it belongs to the larger Al-
taic family. It’s belieived that Uyghur rhythm is predominantly
stress-timed, softened by its agglutinative structure and syl-
labic simplicity. This hybridity places it on a continuum be-
tween stress- and syllable-timed patterns, a characteristic typ-
ical of many Turkic languages. The acquisition of Putonghua
among Uyghur children in South Xinjiang is relatively com-
plex. Before entering kindergarten, they have been exposed
to Putonghua, the national common language, and are not en-
tirely unfamiliar second-language learners. Although existing
research on south Xinjiang preschoolers has predominantly ex-
amined segment and tone [14, 15], suprasegmental features re-
main understudied, which are related to their verbal interaction
ability and cognitive maturation. We attempt to address the fol-
lowing questions: What is the rhythmic pattern of Putonghua
produced by Uyghur children in South Xinjiang? How do these
patterns differ from those of Putonghua-speaking children of the
same age?

∗Corresponding author

Interspeech 2025
17-21 August 2025, Rotterdam, The Netherlands

4463 10.21437/Interspeech.2025-1847



2. Participants and Materials
2.1. Participants

The recruited participants included 40 children (20 boys and 20
girls) from the mid and senior class of a kindergarten in south
Xinjiang Uyghur Autonomous Region of China. None of the
children had a history of hearing impairment or intellectual dis-
abilities. The children started learning Putonghua (PTH) af-
ter entering kindergarten and have learned for about 12 or 24
months. The 40 children were divided into two age groups as
seen in Table 1.

Table 1: Demographic information of the children.

Group Age of
Children

Children PTH Learning
Time

G1 5;6-6;7,
Mean: 6;1

20 (10F 10M) 12m

G2 5;11-7;7,
Mean: 7;1

20 (10F 10M) 24m

Total 40 (20F 20M)

2.2. Date Collecting

The target sequence is a five-syllable SVO phrase expressed as
Adjective 1 (A1) + Noun 1 (N1) + Verb (V) + Adjective 2 (A2)
+ Noun 2 (N2), for example, HēiA1 māoN1 qı̄nV xiǎoA2 yāN2
(“The black cat kisses the little duck.”). One contrastive focus
is on A1, V, A2, or N2 in one condition by the experimental
design, i.e., the sentence-initial, -medial, or -final positions. The
focus-bearing syllables at each position cover four lexical tones
in Mandarin Chinese.

A picture-guessing game is designed to simulate the con-
versational interaction between children and the experimenter.
Two pictures differed in only one element, that is, contrasting
in one word in the target sequence were shown on the experi-
menter’s screen. All the audio samples were pre-recorded by a
native Mandarin-speaking adult female. The experimenter was
asked to choose one of the pictures and play the correspond-
ing of a question to guess if this was the picture on the child’s
screen, and the child was asked to answer whether the experi-
menter’s guess was correct. Therefore, the participants might
embed the target sequence in a yes/no question or declarative
sentence. After that, it was the child’s turn to guess and ask and
the experimenter’s turn to answer about the same elements. In
this turn, the picture on the experimenter’s screen was the same
as one of the pictures on the child’s screen.

Given the research design, the experimenter’s guess (the
sounds played by the experimenter) would always be wrong so
as to prompt children’s production of corrective foci. The child
had a 50% chance of guessing correctly, and the experimenter
would play a declarative sentence with a contrastive focus when
the child’s guess is wrong, and one with a broad/neutral focus
when it is correct.

Figure 1: Schematic diagram of the picture-guessing game.

2.3. Data Analysis

The five-syllable target sequences were extracted from the child
productions, yielding 2256 target utterances whose detailed in-
formation along with the participant’s demographic information
is given in Table 1. The number of valid pronunciation samples
produced by middle-class children was 1124, whereas senior
class children produced 1132. The implementation of this pro-
cedure ensured a uniform structure among participants, thereby
facilitating the subsequent statistical analysis.

The automatic segmentation, manual annotation, and ex-
traction of temporal metrics were conducted in Praat [16]. The
rhythm metrics measured based on the extracted metrics are
listed in Table 2, with citations to established research, where
C and V respectively refer to the initials and finals of Chinese
syllables.

Table 2: Rhythm metrics measured in this study.

Rhythm metrics Definition/calculation

Interval measures (IM) [5]
PVI V / PVI C Pairwise variability index (pvi)

[5]
mean V / mean C
percent V / percent C Vowel (V) sequence duration

ratio [17, 18]
delta V / delta C Standard deviation of durations

for vowel and consonant
sequences [17, 18]

Varco C / Varco V Percent standard deviation of
consonantal and vocalic
durations, each normalised by
dividing by the mean [19]

nPVI Normalized PVI [20]
rPVI Non-normalized raw PVI [20]
speech rate (SR) Syllable numbers /total

duration of the utterance
including silent pauses

articulatory rate (AR) Syllable numbers/total duration
of the utterance excluding
silent pauses

3. Results
3.1. Rhythm metrics distribution patterns

The Mann-Whitney U test was employed to analyze rhythm
metrics between two groups of preschool children from South
Xinjiang: Mid-Class (ages 5;6-6;7, mean: 6;1, Putonghua
Learning Time: 12 m) and Senior-Class (ages 5;11-7;7, mean:
7;1, Putonghua Learning Time: 24 m), as illustrated in Figure
2.

For two groups of children from South Xinjiang, rhythm
metrics related to vowel duration (e.g., sum V, mean V, delta V,
percent V) and variation (e.g., varco V, nPVI V, rPVI V)
showed decreasing trends with increasing age and longer Pu-
tonghua learning. Similarly, consonant duration metrics (e.g.,
mean C, delta C) and variation metrics (e.g., varco C, nPVI C,
rPVI C), except for sum C, also declined. Meanwhile, speech
rate (SR) and articulation rate (AR), reflecting fluency, im-
proved significantly in senior-class children with age and ex-
tended learning time.

From mid to senior class, we observed the following de-
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velopmental patterns: vowel duration and variability decreased
while rhythmic regularity increased, accompanied by reduced
vowel dominance in speech rhythm. Consonant-related met-
rics showed increased duration and rhythmic complexity, yet
decreased variability, resulting in more stable consonant tim-
ing and enhanced rhythmic regularity. Additionally, both SR
and AR improved significantly, indicating enhanced fluency and
rhythmic control.

To examine rhythmic production differences, we compared
our data from South Xinjiang children with previously reported
metrics from Putonghua-speaking children (ages 3-6) [12], as
shown in Figure 2. Notably, while Putonghua-speaking chil-
dren were grouped by chronological age, South Xinjiang chil-
dren were categorized by their time of Putonghua learning in
kindergarten.

Comparing South Xinjiang preschool children with their
age-matched Putonghua-speaking peers (age 6, shown in Fig-
ure 2, bottom right), the latter demonstrated significantly lower
mean C and mean V values, indicating that South Xinjiang
children have not yet achieved comparable fluency levels. Vari-
ability metrics (varco V, varco C, and nPVI C) revealed sig-
nificant differences, with Putonghua-speaking children exhibit-
ing more stable vowel durations and more consistent consonant
pronunciation, while South Xinjiang preschool children showed
greater variability. Speech and articulation rates were highest in
six-year-old Putonghua speakers, followed by senior-class chil-
dren, with mid-class children showing the lowest. The gap be-
tween senior-class and Putonghua-speaking children was less
statistically significant.

Mid-class children displayed high vowel proportions,
greater rhythm variability, and slower speech rates, resembling
the rhythm metrics of 3-4-year-old Putonghua speakers. In con-
trast, senior-class children exhibited lower vowel proportions,
reduced rhythm variability, increased regularity, and improved
speech rates and rhythmic control, aligning with the metrics
of 5-year-old Putonghua speakers. These developmental pat-
terns likely reflect the influence of Putonghua learning time,
language environment, and acquisition processes, highlight-
ing age-specific characteristics in rhythm development among
South Xinjiang preschoolers.

3.2. PCA Analysis of Rhythm Metrics by Age Group

PCA results (Table 3) reveal distinct developmental patterns in
rhythm metrics among South Xinjiang preschoolers. At the
mid-class stage, vowel-related indices dominate rhythm vari-
ation (delta V = 0.71, rPVI V = 0.71), while consonant-related
metrics show moderate negative loadings (delta C = -0.67,
rPVI C = -0.66). In contrast, senior-class data shows stronger
consonant-related influences (delta C = 0.80, rPVI C = 0.80),
indicating a developmental shift from vowel- to consonant-
based temporal control.

We compared the PCA results of rhythm metrics between
South Xinjiang preschoolers and previously studied Putonghua-
speaking children (ages 3-6). Line chart in Figure 3 displays
cosine distances of rhythm metric PCA results (based on the
first three principal components). Consistent with earlier find-
ings, South Xinjiang mid-class children’s PCA results most
closely match the 3-year-old Putonghua-speaking group, while
senior-class results align with the 5-year-old group. For vowel-
related metrics (delta V, mean V, nPVI V, rPVI V, varco V),
the 4-year-old Putonghua-speaking group shows closer prox-
imity to both South Xinjiang groups—particularly the mid-
class—compared to consonant-related metrics. Neither South

Figure 2: Rhythm metric distributions across age groups: south
Xinjiang preschoolers (red and green violins) compared with
Putonghua-speaking children aged 3 (top left), 4 (top right), 5
(bottom left), and 6 years (bottom right).

Xinjiang group achieved rhythm metric levels comparable to 6-
year-old Putonghua speakers.
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Table 3: PCA factor rotation matrix of rhythm metrics.

Mid (5;6-6;7, Mean: 6;1)
32.23 30.68 15.01

PC1 delta V:0.71 rPVI V:0.71 rPVI C:0.70
PC2 delta C:-0.67 rPVI C:-0.66 varco C:-0.64
PC3 percent V:0.81 nPVI C:0.58 mean C:-0.58

Senior (5;11-7;7, Mean: 7;1)

36.00 30.08 13.79
PC1 delta C:0.80 rPVI C:0.80 varco C:0.66
PC2 delta V:0.72 rPVI V:0.69 varco V:0.67
PC3 percent V:0.78 mean V:0.71 nPVI V:0.41

Figure 3: Cosine distances of rhythm metric PCA results
(first three principal components) between South Xinjiang
preschoolers—mid-class (mean: 6;1) and senior-class (mean:
7;1)—and Putonghua-speaking children across age groups (3y-
6y).

4. Discussion and Conclusion
4.1. Putonghua Rhythm Pattern of South Xinjiang
Preschoolers

Research on English-speaking children reveals that their vowel
interval variability (Varco V and nPVI V) is lower than adults’,
reflecting reduced vowel duration variation. This pattern stems
from children’s limited syllable structure repertoire and fewer
weak syllables [21]. Some scholars interpret this as a develop-
mental progression from syllable-timed to stress-timed rhythm
[22]. Conversely, children exhibit higher consonant interval
variability (delta C and rPVI C) compared to adults, indicating
less developed consonant articulatory control in early develop-
ment [21].

Our study of preschoolers (ages 5-7) in the South Xin-
jiang region shows that vowel interval variability (Varco V and
nPVI V) decreases with age grow and Putonghua learning time
lengthen. This pattern may reflect cross-linguistic differences
in syllable structure complexity and stress patterns. Uyghur—a
pitch-accent language—marks stress primarily through pitch
rather than intensity or loudness, typically placing stress on
the final syllables of word. The bi/multilingual environment
of South Xinjiang children, exposing them to multiple rhythm
types, may yield vowel variability developmental patterns dis-
tinct from monolingual children.

Consonant interval variability (delta C and rPVI C) sim-
ilarly decreases with age grow and Putonghua learning time

lengthen, likely reflecting progressive mastery of complex con-
sonant structures. Preschoolers in the South Xinjiang face the
additional challenge of processing cross-linguistic consonant
structures, potentially intensifying consonant control demands.
Through sustained learning and practice, the children gradu-
ally develop precise consonant control. This extended devel-
opmental trajectory for consonant acquisition aligns with Allen
& Hawkins’s (1980) findings.

Our study revealed a clear age-related trend in the rhythm
production of Putonghua among preschoolers in South Xin-
jiang, highlighting that speech rhythm development is a contin-
uous process shaped by both age and language experience. Ac-
cording to the ”Input-Driven Hypothesis” [23], the quantity and
quality of language input are critical for children’s speech devel-
opment. Increased learning time likely provides more language
input and practice opportunities, facilitating speech rhythm de-
velopment.

However, unlike previous findings on Putonghua-speaking
children, the rhythm development of South Xinjiang preschool-
ers shows increasing significance of consonant-related metrics
with age and extended learning time, likely due to their linguis-
tic environment. Uyghur, a Turkic language, features vowel har-
mony, word-final consonant clusters, and phonetic influences
from Indo-European languages such as Tokharian and Sog-
dian. These influences include vowel weakening in unstressed
or open syllables, absent in other Turkic languages [24]. This
bi/multilingual environment appears to generate rhythm devel-
opment patterns distinct from monolingual Putonghua speakers.

4.2. Rhythm Contrasts: South Xinjiang versus Putonghua
Preschoolers

Our research found that, in terms of rhythm metrics distri-
bution, mid class children (mean: 6;1) from South Xinjiang
are most similar to 3-4-year-old Putonghua-speaking children,
while senior class children (mean: 7;1) are closest to 5-year-old
Putonghua-speaking children. PCA results further support this
observation. This phenomenon may be attributed to the follow-
ing factors:

1. Input Rhythm Characteristics
Children in South Xinjiang receive multi-language input,
with diverse rhythmic patterns potentially influencing their
Putonghua rhythm development. This linguistic diversity
likely contributes to their rhythm parameter distributions di-
verging from age-matched Putonghua monolinguals.

2. Rhythm Acquisition Pattern
The bi/multilingual environment may moderate rhythm de-
velopment pace. Early-stage language switching demands
could slow Putonghua rhythm acquisition, explaining the ob-
served age-group displacement. While pre-kindergarten Pu-
tonghua exposure may accelerate rhythm acquisition, the re-
duced input intensity—particularly given that exposure pre-
dominantly comes from media sources like television rather
than home environment—appears insufficient to eliminate
developmental timing differences.

Our research demonstrates that rhythm development is
shaped by multiple factors: age, linguistic environment, lan-
guage input, and educational background. This complexity sug-
gests the need for more sophisticated developmental models
that can account for rhythmic diversity across different linguis-
tic contexts, particularly in bi/multilingual environments like
South Xinjiang.
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