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Abstract. Boundary tones are pitch patterns conveying pragmatic and paralin-
guistic information. In Putonghua (PTH), they are the results of the interaction
between tone and intonation and can be categorized into two types: simultaneous
addition boundary tone (SiABT) and successive addition boundary tone (SuABT).
PTH differentiates word meanings using tonal contrasts, challenging learners
whose native languages lack such contrasts. This study examines whether PTH-
learning preschoolers (PTH learners) from south Xinjiang Uyghur Autonomous
region can correctly decode the lexical tone categories intertwinedwith SiABTand
SuAB. The correct decoding must be based on the integration of segmental, tonal,
and semantic information. Nineteen children aged 3;9–5;3 with about 7 mouths
of PTH learning in kindergarten, participated in a word recognition task with two
conditions. In Condition 1, 24 familiar monosyllabic words in 12 minimal pairs
contrasting in lexical tones and conditioned with SiABT or falling SuABT were
used. The results indicated that for the PTH learners, the SuABT facilitated lexical
tone decoding, especially for boys. However, compared to younger PTH-speaking
children (1;6–2;8), the PTH learners had weaker tonal category decoding ability.
In Condition 2, 8 familiar monosyllabic words in 4 pairs without phonological
contrast were used. The accuracy rates for PTH learners were similar to those of
PTH speakers, except that the SuABT didn’t improve the accuracy rate for PTH
learners, which indicated that the learners may depend primarily on segmental
information and face challenges in integrating the tonal and pragmatic functions
of intonation. The results support the automatic selective perception (ASP) model
for L2 learners and suggest that tone acquisition is challenging for PTH learn-
ers, offering an effective method for teaching tones to preschool learners in the
Xinjiang Uyghur Autonomous Region.
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1 Introduction

Boundary tones are pitch patterns employed at the end of spoken phrases or sentences
to convey both linguistic and paralinguistic information. In tone languages, the phonetic
realization of boundary tones reflects a mixed relationship of tone and intonation. Chao
[1] proposed that in the case of Putonghua (PTH), this relationship can be manifested
through simultaneous addition or successive addition of tonal and intonational features
at the intonation boundary. Simultaneous addition boundary tone (SiABT) is achieved
as the algebraic sum of tonal and intonational features (a superimposed relation). It
alters the phonetic realization without changing the phonological features of the original
tone. Lin and Li [2] recognized three patterns of SiABT based on the acoustic analysis
of PTH tones in declarative and interrogative intonations. Successive addition bound-
ary tone (SuABT), on the other hand, is achieved by adding a falling or a rising tonal
“tail” in a row to the lexical tone without changing the lexical meaning, but the surface
pitch contour. Although both boundary tones carry the function of expressing different
modalities and moods [2], the relationship between tone and intonation is more complex
for SuABT than SiABT. When we examined the interactive dialogues in the longitu-
dinal Child speech corpus, Cass_Child_Word, we found that both children and their
caregivers frequently used SuABT to convey a wealth of pragmatic and paralinguistic
information, and we summarized 19 functions such as ‘confirmation, emphasizing, call-
ing, questioning, negation, request, complaint, surprise, anger, happiness, correcting,
poetry recitation…etc.’ [3].

The Automatic Selective Perception (ASP) model [4] posits that Second Language
(L2) learners process the auditory speech stream in one of two modes, phonological
or phonetic, depending on a variety of factors including the learners’ linguistic knowl-
edge, the nature of the stimuli and task demands. The online processing of L2 sounds,
especially for late L2 learners, demands a greater cognitive effort to distinguish contrasts
compared to native language processing. The acquisition of non-native (L2) lexical tones
is influenced by both segmental and semantic dimensions, with L2 tone learning being
hindered for listeners who are provided with semantic information during training [5].

In our previous studies [7], it has been found that for children whose native language
is PTH, the falling SuABT, caused by pragmatic functions of emphasizing the final word
in child-directed speech, does not hinder the decoding of lexical tones. Contrarily, the
falling SuABT assists children in the recognition of the words, especially for younger
children (under the age of 32 months). As a result, in word teaching, a counterpart
contrasting minimally with lexical tones and with various intonation forms embodying
the pragmatic functions will promote the establishment of the mental lexicon.

This study focus on how the situation is for the preschool PTH learners from the
Uygur Ethnic Group in south Xinjiang Uyghur Autonomous Region. The Children from
the Uygur Ethnic Group began to PTH after entering kindergarten.
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Uyghur is a stress-timed language without lexical tones. Each word generally has
one primary stress on one of its syllables. The stress in Uyghur words is predictable
based on the word’s syllable structure and morphology. Due to the influence of their
native language, Uyghur children’s acquisition of lexical tones is supposed to differ
from that of PTH-speaking children. There are two research questions. The first is how
Uyghur children decode lexical tone categories (lexical prosody) SuABT (post-lexical
prosody) that convey pragmatic information. The second is what are the similarities and
differences compared to PTH-speaking children?

To answer the questions, this study adopted a word-recognition paradigm to test
whether the falling SuABT added to the lexical tones will influence the PTH learners’
word recognition. We hypothesized that the learners may face challenges in integrating
the pragmatic functions of intonation inword recognition. Comparedwith PTH-speaking
children, PTH learners are expected to have weaker ability to decode tonal categories
based on the ASP model, for the L2 learners must employ greater attentional resources
in order to extract sufficient information to differentiate phonological contrasts that do
not occur in their native language.

2 Method

2.1 Participants

The recruited participants included 19 children (9 boys and 10 girls) from the first year of
a kindergarten in south Xinjiang Uyghur Autonomous Region. None of the children had
a history of hearing impairment or intellectual disabilities. The children started learning
PTH after entering kindergarten and have learned for about 7 months. The participants’
ages ranged from 3;9 to 5;3, with an average age of 4;10.

2.2 Materials

The key target wordswere all monosyllabic familiar words. Theywere of two conditions,
the tonal-minimal (TM) target words and the non-tonal-minimal (non-TM) target words.
There were 24 TM target words in four lexical tones (T1, high level; T2, high rising; T3,
low dipping; T4, high falling), making 12 tonalminimal pairs, T1-T2, T1-T3, T1-T4, T2-
T3, T2-T4, T3-T4 (see Table 1). There were 8 non-TM target words also in four lexical
tones, making 4 pairs. In each pair, the two members were of the same lexical tones
but different segments (see Table 2). Each target word was produced in two intonation
types: SiABT and falling SuABT (See Fig. 1). We suppose the falling SuABT is used by
parents to emphasize the last word. There were also 30 familiar disyllabic words in 10
pairs tested as fillers and 6 familiar monosyllabic words in 3 pairs for the pretest phase.
A middle-aged female native PTH speaker recorded the speech stimuli in a sound-proof
chamber. All the test words were embodied in colorful pictures.
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Fig. 1. Two formsof intonationboundary tones (upper panel: SiABT; lowerPanel: fallingSuABT)
for four lexical tones. The falling tail of SuABT is indicated by the arrow. Duration is normalized
for boundary tones in the figure.

Table 1. Familiar word (FW) pairs with minimal tonal contrasts (TM target words).

Table 2. Familiar Word pairs with same tones (non-TM target words).

2.3 Procedure

A word-recognition paradigm was employed. The child was tested individually in a
relatively quiet room in the kindergarten. During the experiment, the child sat in front of
a touch screen which was a display expansion to a laptop put behind it. The X-perception
computer program [6]was used to run the experiment on the laptop and to present images
and speech stimuli. In each trial, a pair of pictures was first presented simultaneously side
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by side on the screen (see Figs. 2 and 3), one being the target picture and the other the
distractor. After 1s silence, the carrier question “ ” (Which one is) of 817 ms was
played and then after 350 ms silence the target word of the name of one of the pictures
began. The speech stimuli were played through the speaker of laptop. In response to the
prompt question, the child was asked to click on the picture on the touch screen that
he/she thought was the right picture representing the meaning of the target word. Once
the child clicked on the screen, the on-going trial ended immediately, and the next trial
started right away. The computer program recorded whether the click was on the right
or the left picture. During the experiment, the experimenter kept a record of the invalid
trials where the child made a click at will. And the data of the invalid trials would be
excluded.

Fig. 2. Familiar word pairs with minimal
tonal contrast (TM).

Fig. 3. Word pairs without tonal or segmental
contrast (non-TM).

At the beginning of the experiment, a training phase with 3 trials was conducted
to familiarize the child with the procedure. The experiment focused on two conditions
of words: a tonal minimal condition, and a non-tonal-minimal condition. The children
were tested with 12 TM trials (2 target words× 3 pairs× 2 forms), 8 non-TM trials (the
two forms of one member of the 4 non-TM pairs) and 10 filler trials. Trials order was
quasi-randomized in which key trials were separated by filler trials and adjacent trials
did not contain the same objects or test the same target word. The position of the pictures
was balanced across trials. Eight kinds of trial settings were designed. The participants
were assigned randomly to one of the eight experimental settings.

Please note that, the recognition task of choosing images of tone words requires the
children to contendwithmultiple dimensions of information, including segmental, tonal,
and semantic. In the TM condition, where the target words are minimal tone contrasts,
PTH learning children needed to decode the segments and lexical tone of the target word
in two kinds of boundary tones, and then recognized one out of the lexical tonal minimal
pairs. In the non-TM condition, where the target word have different segments but same
tones, the PTH learning children may decode the segments and lexical tone of the target
word in two types of boundary tones as well, however, without requiring to pay more
attention to tone information in word recognition.
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3 Results

There were 1048 valid responses. Based on the valid responses, the accuracy rates of
word recognition for the two types of boundary tones in TM condition and non-TM
condition were calculated. The recognition rate was defined as the ratio of the number
of trials correctly recognized by the children to the total number of relevant trials.

Moreover, given that children in south Xinjiang Uyghur Autonomous Region are
PTH learners, we compared the results in present study with previous studies on PTH-
speaking children in Beijing. Both groups were tested with the same test trials, but the
PTH speakers were younger in age (18–32 m). For further information, please consult
our earlier research [7].

The analysis revealed that none of the recognition rate results conformed to a normal
distribution (p < 0.1). As a result, the data of two groups were compared using non-
parametric statistics, particularlymedian and interquartile rangeMann-WhitneyUTests.

3.1 Recognition Rate for all Word Pairs

PTH-learning children typically achieved a recognition rate of around 77.17% across
two types of stimuli (SiABT and SuABT). The distributions of overall recognition rate
for different gender of PTH-learning children were depicted in Fig. 4. Specifically,
although girls (82.46%) demonstrated a higher accuracy rate compared to boys (77.85%),
the difference was not significant (p = 0.43 > 0.05). Girls’ accuracy rates were more
consistent and clustered, while boys showed more variability. Further examination of
accuracy rates in the two boundary tone conditions is presented in Fig. 5. On average, the
accuracy rates of PTH-learning children in both boundary tone conditions did not differ
significantly (SiABT:77.3%, SuABT:77.01%, p = 0.87 > 0.05). Girls demonstrated
higher recognition rate in SiABT condition (81.6%), whereas boys (68.87%) performed
better in SuABT condition than in SiABT. In both follow-up boundary tone conditions,
girls consistently outperformed boys, with the difference being more noticeable in the
SiABT condition.

Fig. 4. The distribution of overall
recognition rate for PTH-learning children.

Fig. 5. Recognition rate in the two boundary
tone conditions for PTH-learning children.
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3.2 Words Recognition Results in TM Condition

The results for TM word pairs of PTH-learning children are displayed in Fig. 6. The
average recognition rate is 58.8% in SuABT conditions, and 61.4% in SiABT conditions.
There is no significant difference in the average recognition rates of PTH learners across
the two boundary tone conditions (p = 0.07 > 0.05). The existence of SuABT did
not significantly reduce the recognition rate, except in cases involving T2 as the target
word and T2 as the distractor in the T1-T2 minimal pairs. Regarding the TM word
pairs, pragmatic function of SuABT notably enhanced accuracy rates in most tone pairs
compared with SiABT (ps < 0.05). This didn’t echo our hypothesis that SuABT would
hinder the lexical tone encoding of PTH learners.

Herewe compare the aboveTMresultswith that of thePTH-speaking group, aged 18-
32m, shown in Fig. 7 [7]. The average recognition rate of PTH-speaking group is 95.24%
in SuABT condition, and 93.33% in SiABT condition. PTH-learning children exhibited
significantly lower recognition rates than PTH-speaking children in both boundary tone
conditions (p = 0.035 < 0.05). And there is no significant difference in the average
recognition rates of PTH-speaking children across the two boundary tone conditions (p
= 0.87> 0.05). But for PTH-learning children, recognition rates in the form of SuABT
was higher than those in the form of SiABT. For further discussions on PTH-speaking
children, refer to our prior research [7].

Fig. 6. The accuracy rates for TM word pairs
of PTH-learning children.

Fig. 7. The accuracy rates for TM word pairs
of PTH-speaking children (18–32 m) [7].

3.3 Words Recognition Results in Non-TM Condition

As shown in Fig. 8, the results for non-TM word pairs of PTH-learning children suggest
that, overall, there is little difference in recognition rates across the two boundary tone
conditions. The children’s word recognition rates for all four lexical tones exceeded
80%.

Here we also compared the above non-TM results with those of the PTH-speaking
group, aged 18–32 m, shown in Fig. 9 [7]. It can be observed that the recognition
rates between two groups of children are quite similar in this task. This indicates that
PTH-learning children being exposured to PTH for about 7 months, reached the level
of 18–32 m-old PTH-speaking children in non-TM condition of word recognition. But
the biggest difference between the two groups is that PTH-speaking children can use
SuABT to improve word recognition, while the learners cannot.
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Fig. 8. The accuracy rates grouped by tones
for non-TM word pairs of PTH-learning
children.

Fig. 9. The accuracy rates grouped by tones
for non-TM word pairs of PTH-speaking
children (18–32 m) [7].

4 Discussion

4.1 Overall Recognition Rates

The overall recognition rate for PTH-learning children is approximately 77.17%. This
value indicates a lower level of proficiency, compared with PTH-speaking children
(94.30%). For PTH-learning children, girls achieved higher recognition rates compared
to boys. Girls displayed more consistent and clustered recognition rates, while boys
exhibited more variability.

For PTH-learning children, the average recognition rates under the two boundary
tone conditions (SiABT and falling SuABT) did not show a significant difference. This
suggests that, overall, boundary tone complexity does not impact PTH-learning chil-
dren’s perception of lexical tones significantly. Regarding the differences in sex, in the
condition of SiABT, girls performed better than boys, which indicates that girlsmay have
a better ability to process SiABT. In the condition of a falling SuABT (complex pitch
contour), girls’ overall tone decoding ability slightly decreased. This suggests that girls
may find complex pitch contours more challenging and therefore perform worse when
the pitch complexity is increased. In contrast, boys showed a relative improvement with
the SuABT boundary tone, suggesting an interesting dynamic where the more complex
boundary tone might offer a positive boost for boys to differentiate lexical tones.

4.2 The TM Condition

In the TM condition, after 7-months-long exposure to PTH, PTH-learning children
in south Xinjiang Uyghur Autonomous Region, with an average age of 4;10, cannot
perceive the lexical tones well enough as PTH-speaking children aged 18–32 months.
According to the Automatic Selective Perception (ASP) model, providing semantic
information during the acquisition of second language (L2) tonal contrasts may increase
the processing load, inhibiting tone perception, even though listeners were not explicitly
required to attend to the tonal information [5].

Regarding the pragmatic function of boundary tones, the PTH-learning children
can recognize tones with falling SuABT facilitated the tonal recognition. However, their
ability to understand the interactionbetween lexical tone and intonation is still developing
and is weaker than even younger PTH-speaking children (18–32 months).
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4.3 The Non-TM Condition

According to the non-TM recognition results, complex boundary tones are more ben-
eficial for PTH-speaking children in word recognition, suggesting that they combine
tonal and intonational information to recognize words. Although PTH-learning children
exhibit a high recognition rate as well, indicating that complex boundary tones do not
negatively impact their recognition. This indicates that PTH-learning children may rely
primarily on segmental information to recognize words rather than processing tonal and
intonational information.

Different from the TM word pairs, the word pairs differ only in segments but not in
tones, reduce the processing load for the PTH-learning children. The minimum impact
of boundary tones on recognition rates further emphasizes that segmental information
is the primary factor in word recognition. This suggests that PTH-learning children in
Xinjiang Uyghur Autonomous Region have developed segmental decoding skills better
than tone.

Moreover, this suggests that for PTH-learning children whose native language is
a non-tone language, they only prime tone recognition when there is no segmental
information available at least for early second language (L2) learners. On the other
hand, 2.5-year-old PHT-speaking children have relatively strong but still-developing
abilities to integrate segmental and tonal information. The results indicates that tone
representation may not fully realized for 2.5-year-old PTH-speaking children, and even
worse for PTH-learning children aged 3;9–5;3 with a 7-month-long exposure to PTH.

5 Conclusions

This study concluded three key findings:
PTH-learning children (3;9–5;3) from the Uygur Ethnic Group in south Xinjiang

Uyghur Autonomous Region have a lower proficiency in tone recognition in two bound-
ary tone conditions. In general, girls performed better than boys. However, the more
complex boundary tone (falling SuABT) might offer a positive boost for boys.

Under TM condition, PTH-learning children exhibit weaker tone recognition com-
pared with younger PTH speaking children (18–32 m). Semantic information during
the acquisition of L2 tonal contrasts may have increased the processing load, inhibiting
tone learning. However, the pragmatic function of emphasizing the target word provided
by the falling SuABT significantly enhances tone perception. Under non-TM condition,
PTH-learning children exhibit higher proficiency in recognizing words that differ only
in segments which reduces the processing load. These results can be explained by ASP
model.

These findings inform an effective method for teaching tones to preschool learners
in Xinjiang Uyghur Autonomous Region. Teaching only tone without lexical meaning
(such as a1, a2, a3 and a4 just reach phonetic level rather phonological level of tone
processing), will not enhance tone processing ability. A learning task should be carried
out together with lexical meaning and should be in the contexts of different intonations
conveying rich pragmatic functions.

For future work, we will verify the results with additional data from bigger sample
size, more age groups and more testing conditions involving unfamiliar “wug” words.
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