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Abstract

This study investigates how children acquire prosodic focus-marking in Mandarin Chinese.
Using a picture-matching game, we elicited spontaneous production of sentences in various
focus conditions from children aged four to eleven. We found that Mandarin Chinese-
speaking children use some pitch-related cues in some tones and duration in all tones in
an adult-like way to distinguish focus from non-focus at the age of four to five. Their use
of pitch-related cues is not yet fully adult-like in certain tones at the age of eleven. Further,
they are adult-like in the use of duration in distinguishing narrow focus from broad focus at
four or five but in not using pitch-related cues for this purpose at seven or eight. The later
acquisition of pitch-related cues may be related to the use of pitch for lexical purposes, and
the differences in the use of pitch in different tones can be explained by differences in how
easy it is to vary pitch-related parameters without changing tonal identity.
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Introduction

Speakers use a range of linguistic means to distinguish information new to listeners from
information already known to listeners. Listeners rely on the linguistic expressions of
changes in information structure to efficiently process information. Prosody is used for
marking information structure in many languages (e.g. Gussenhoven, 2007; Vallduvi &
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Engdahl, 1996). Generally, speakers realise a word with more prosodic prominence when
conveying new and/or contrastive information (also known as ‘focus’) than otherwise.
However, there are notable differences between languages in the exact realisation of pro-
sodic prominence. Some languages (e.g. Swedish, German, English, Dutch) can vary pro-
sodic prominence via both phonological means, i.e. making coarse-grained variation in
prosodic parameters (e.g. accenting or not accenting a word), and phonetic means, i.e.
making fine-grained changes in prosodic parameters within a phonological category (e.g.
changes in pitch span of a sentence-level accent or a lexical tone). But other languages can
only use phonetic means (e.g. Mandarin Chinese, Cantonese). Languages can also differ
in the consistency of the form—function mapping between prosody and focus. For exam-
ple, in Dutch, the subject-noun of a sentence is nearly always accented regardless of
whether it is focal or not (A. Chen, 2009); the object-noun is usually unaccented when
non-focal in read speech but can be either unaccented or accented in spontaneous speech
(A. Chen, 2011Db). The relation between accentuation and focus is thus not consistent in
Dutch. It changes with the position of the constituent in a sentence and the modality of
speech, and is thus probabilistic by nature. In contrast, in Central Swedish, a word is real-
ised with a prominence-lending high tone only when it is focal (e.g. Bruce, 1998, 2007).
Additionally, the specific prosodic parameters involved in focus-marking can be simulta-
neously used for lexical purposes. For example, pitch is used to distinguish words in tone
and pitch-accent languages (e.g. Mandarin Chinese, Cantonese, Central Swedish).

The question that arises in the context of language development is how the above-
mentioned differences between languages influence the acquisition of prosodic focus-
marking in different languages. Recent years have seen a significant increase in the
number of studies examining the use of prosody in focus-marking in children acquiring
a Germanic language. These studies have shown that children can already use accentua-
tion to mark focus at the age of three to four but not necessarily in an adult-like way, and
become adult-like in both the placement of accent and the type of accent (i.e. the shape
of the pitch pattern) at about the age of eight (e.g. Hornby & Hass, 1970; MacWhinney
& Bates, 1978; Wells, Peppé, & Goulandris, 2004, on English; Miiller, Hohle, Schmitz,
& Weissenborn, 2005, on German; A. Chen, 2011a, 2011b, on Dutch). On the other hand,
the use of phonetic means as an alternative to phonological means, especially the use of
duration, is not adult-like even at the age of eight (A. Chen, 2009, 2015, on Dutch).
However, this developmental path to adult-like prosodic focus-marking may not be gen-
eralisable to children acquiring a language that differs from West Germanic languages.
In the present study, we have investigated children’s use of prosody in focus-marking in
Mandarin Chinese (hereafter Mandarin), in order to shed light on the acquisition of pro-
sodic focus-marking from the perspective of a tone language.

Mandarin presents itself as an interesting case for the study of the acquisition of pro-
sodic focus-marking for three reasons. First, as mentioned above, Mandarin only uses
phonetic means to realise focus, different from West Germanic languages which primar-
ily use phonological means and only use phonetic means when phonological means do
not suffice. Yang and A. Chen (under revision) examined the prosodic realisation of three
types of focus: (non-contrastive) narrow focus (i.e. focus on one content word in a sen-
tence), contrastive (narrow) focus (i.e. contrast conveyed by one word in a sentence), and
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whole-sentence focus or broad focus, in spontaneous speech. They found that narrow
focus was realised with a longer duration and a larger pitch span than non-focus, as found
in read speech (Y. Chen & Braun, 2006; Xu, 1999). Narrow focus was also realised with
a longer duration and a slightly wider pitch span than broad focus, but was not distin-
guished from contrastive focus, different from findings on read speech (e.g. Y. Chen &
Braun, 2006; Shih, 1988; Xu, 1999). Will the extensive use of phonetic means in pro-
sodic focus-marking influence the rate of acquisition in Mandarin-speaking children,
compared to children acquiring West Germanic languages? There are two plausible but
opposing answers to this question. On the one hand, Mandarin-speaking children may
learn prosodic focus-marking at an earlier age than children acquiring a West Germanic
language, because of extensive exposure to the use of phonetic means for focus-marking
in the input. On the other hand, they may learn prosodic focus-marking at a similar age
to children acquiring a West Germanic language, because children, regardless of their
native language, may need a similar amount of time to establish the form—function map-
ping between prosodic variation and focus in the input and develop sufficient control of
prosodic parameters in production.

Furthermore, pitch is not only varied to mark focus but also to distinguish words in
Mandarin. More specifically, Mandarin has four lexical tones, i.e. a high level tone (Tone
1), a rising tone (Tone 2), a low tone (Tone 3) and a falling tone (Tone 4), which are
primarily identified by pitch movements (e.g. Chao, 1965; Lin, 2007). For example, the
syllable ‘ma’ can mean ‘mother’ in Tone 1, ‘hemp’ in Tone 2, ‘horse’ in Tone 3 and ‘to
scold’ in Tone 4. This raises the question of whether lexical uses of pitch will affect the
order in which the use of pitch and duration is acquired for focus-marking. On the one
hand, speakers need to maintain the shape of the pitch contour in a word for the sake of
the identity of the lexical tone, thus leaving limited acoustic space for pitch variation for
focus-marking purposes. This suggests that speakers need to execute precise control of
pitch in order to vary pitch for focus-marking purposes and leave the identity of the lexi-
cal tones intact at the same time. Research has shown that young children have difficulty
in pitch control over a stretch of speech as long as or longer than a word (A. Chen, 2009).
We may thus predict that Mandarin-speaking children take a longer time to become
adult-like in the use of pitch than in the use of duration for focus-marking purposes. On
the other hand, Mandarin-speaking children produce lexical tones with considerable
accuracy as early as three years of age (e.g. Wong, 2012; Wong, Schwartz, & Jenkins,
2005; Zhu, 2002). They may thus have developed considerable sensitivity to pitch vari-
ation and are skilful with pitch control in production, which might in turn facilitate their
acquisition of the use of pitch for focus-marking purposes. Along this line of reasoning,
we may predict that Mandarin-speaking children master the use of pitch earlier than the
use of duration for focus-marking purposes. These conflicting predictions need to be
tested experimentally.

Relatedly, although they can produce the four tones with considerable accuracy by the
age of three, Mandarin-speaking children do not acquire the four tones at the same rate.
Specifically, Tone 1 and Tone 4 have generally been found to be acquired earlier than Tone
2 and Tone 3 by young children (e.g. Clumeck, 1977; Li & Thompson, 1977; Wong, 2012;
Zhu, 2002). There is no consensus yet on why one tone is acquired later than another.
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Figure |. Sample pictures for a trial eliciting narrow focus on the sentence-initial word.
Picture (a) was the experimenter’s picture with the subject missing; picture (b) was the child’s
picture containing all the information; picture (c) contained the information missing from
picture (a).

Researchers have attributed the relatively later acquisition of certain tones to production-
related difficulties (e.g. the complexity of articulatory control), perception-related chal-
lenges (e.g. the difficulty of tonal distinction in perception), or the frequency of the tones
in the input received by children in infancy and toddlerhood (Wong et al., 2005; Zhu,
2002). Whatever the reasons may be, the findings imply that the four tones are not equally
easy to acquire. This raises the question of whether Mandarin-speaking children’s use of
pitch for focus-marking purposes varies between tones, especially at younger ages. Given
the relatively later acquisition of Tones 2 and 3, we may predict later adult-like use of pitch
for focus-marking in Tones 2 and 3 than in Tones 1 and 4.

To address the three above-mentioned issues and resolve conflicting predictions
regarding the effects of only using phonetic means to mark focus and lexical use of
pitch, we have investigated how Mandarin-speaking four- to eleven-year-olds use
pitch and duration for focus-marking purposes in spontaneous speech. Specifically, we
have examined how they use pitch and duration to distinguish: (1) Narrow focus from
non-focus, i.e. pre-focus and post-focus (Effect of focus); (2) Narrow focus from broad
focus (Effect of focal constituent size); and (3) Narrow focus from contrastive focus
(Effect of contrastivity).

Method

The picture-matching game

We adapted the picture-matching game used in A. Chen (2011b) to elicit spontaneous
production. In this game, the child was supposed to help the experimenter to put pic-
tures in matched pairs. Three piles of pictures were used. The experimenter and the
child each held a pile of pictures. The third pile lay on the table in a seemingly messy
fashion. The experimenter’s pictures always missed some information, e.g. the subject,
the action, the object or all the three pieces of information. The child’s pictures always
contained all three pieces of information. On each trial, the experimenter showed one
of her pictures (e.g. sample picture (a) in Figure 1) to the child, described the picture
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and asked a question about it or made a remark about the missing information (in the
contrastive focus condition). The child then took a look at the corresponding picture
(e.g. sample picture (b) in Figure 1) in his/her pile and responded to the experimenter’s
question or remark. The experimenter then looked for the right picture (e.g. sample
picture (c¢) in Figure 1) in the messy pile and matched it with her own picture to form
a pair. As rules of the game, the child was asked to answer the experimenter’s ques-
tions in full sentences and not to reveal his/her pictures to the experimenter. Prior to
the picture-matching game, a picture-naming task was conducted to ensure that the
child would use the intended words to refer to the entities in the pictures. This proce-
dure also rendered all the entities in the pictures referentially accessible.

Research design

One-hundred-and-sixty question-answer dialogues were embedded in the picture-
matching game to elicit 160 SVO sentences in five focus conditions: narrow focus
on the subject-noun in sentence-initial position (NF-i), responding to who-questions;
narrow focus on the object-noun in sentence-final position (NF-f), responding to
what- questlons narrow focus on the verb in sentence-medial position (NF-m),
responding to what-does-X-do-to-Y questions; contrastive “focus in sentence-medial
position (CF-m), correcting the experimenter’s remark about the action; broad focus
over the whole sentence (BF), responding to what-happens questions, as illustrated
in (a). Including narrow focus in three sentence-positions made it possible to study
the effect of narrow focus on the sentence-medial verbs (NF-m) compared to the
same verbs in pre-focus (or NF-f) and post-focus (or NF-i). Comparing the verbs in
NF-m, CF-m and BF allowed us to study the prosodic difference between different
focus types. Examples of question-answer dialogues in the five focus condition are
given in (1) below, in which the digits represent tones in Mandarin, and the referents
are referred to with the definite article in the English glossary because they have
been introduced in the picture-naming task.

(1) Examples of question-answer dialogues between the experimenter (E) and
participant (P):

(NF-i) E:  F | 3k BRfEZzd - BRSEA/NIPHEK o 8k ?
Look! The ball. The ball is in the air. It looks like someone throws the ball.
Who throws the ball?
P [IE I
[xiao3 xiong2] rengl qiu2.
[The little bear] throws the ball.

(NF-f)  E: F /I /IVERIRSIE R H A T - BRERMETRS - AMET20?
Look! The little cat. The little cat stretches out its arm. It looks like the little
cat throws something. What does the little cat throw?

N 1y 4] -
xiao3 maol rengl [bi3].
The little cat ~ throws  [the pen].
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(NF-m) E: &/ BAH - BERNREFRD - NUELFED ?
Look! The little rabbit, and the book. It looks like the little rabbit does
something to the book. What does the little rabbit do to the book?
P: R [#9] o
xiao3 tud [rengl] shul.
The little rabbit [throws]  the book.

(CF-m) E: F ! /& FHE - BRI/ NREFEIE  JF /MR -
Look! The little bear, and the vegetables. It looks like the little bear will do
something to the vegetables. I will make a guess: The little bear [buries] the

vegetables.
P: /INER [#9] -
xiao3 xiong2 [rengl]  cai4.

The little bear ~ [throws] the vegetables.

(BF) E: & | IR R BT - (28BS - (RHBER B T2 ?
Look! My picture is very blurry. I cannot see anything clearly. What happens
in your picture?
P N 7k} ]
[xia03 gou3 rengl  cai4].
[The little dog throws the vegetables].

The svo sentences were unique combinations of four disyllabic subject-noun
phrases starting with the word xiao3 ‘little’ (one noun phrase per lexical tone regard-
ing the second word in each phrase), eight monosyllabic verbs (one verb per lexical
tone per group), and eight monosyllabic object-nouns (one noun per lexical tone per
group), as shown in Table 1. Each group-1 verb was combined once with each
group-1 object-noun and each group-2 verb was combined once with each group-2
object-noun, leading to 160 verb phrases (4 tones in verbs x 4 tones in objects x 2
groups of verbs and object-nouns X 5 focus conditions = 160 VPs). We used two
groups of verbs so that we had two realisations of each tone in the verbs and could
avoid data loss regarding the tones in the case that a child mispronounced one verb.
As we could not find four nouns representing four tones among the words reported
to be acquired by Mandarin-speaking four-year-olds (Liu, Shu, & Li, 2007) that
could form semantically appropriate VPs with all the eight target verbs, we paired
each group of verbs with their ‘own’ object-nouns, thus having two groups of object-
nouns. The subject-nouns were then approximately evenly distributed over the verb
phrases, forming 160 svo sentences. This procedure made sure that in each focus
condition, each tone in the verbs was combined with each tone in the proceeding
subject-noun and with each tone in the following object-noun.

The 160 sentences were then split evenly into two lists (List 1 and List 2) of 80
sentences. Each list contained all verb-object tonal combinations but not all verb-
object word combinations. The trials on each list were randomised in a way that trials
from the same focus condition did not appear after each other and the focused constitu-
ent of a trial was not mentioned in its preceding trial. Approximately half of the partici-
pants in each age group produced the sentences in List 1 and the other half produced
the sentences in List 2.
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Table I. Words that occurred in the sentences.

Tone | Tone 2 Tone 3 Tone 4
Subjects JINIES JNEE IS N

xiao3 maol xiao3 xiong2 xiao3 gou3 xiao3 tu4

‘little cat’ ‘little bear’ ‘little dog’ ‘little rabbit’
Group-| verbs 1y il BY in

rengl mai2 jian3 yun4

‘throw’ ‘bury’ ‘cut’ ‘transport’
Group-2 verbs % 5] i S5

jiaol wen2 tian3 mai4

‘water’ ‘smell’ ‘lick’ ‘sell’
Group-| objects + Bk £ ¥

shul qiu2 bi3 cai4

‘book’ ‘ball’ ‘pen’ ‘vegetable’
Group-2 objects 1t Al =) 5

hual li2 cao3 shu4

‘flower’ ‘pear’ ‘grass’ ‘tree’

Participants and procedure

Three groups of children, i.e. 12 four- to five-year-olds (average age: 5;2; range: 4;6—
5;10), 10 seven- to eight-year-olds (average age: 7;10; range: 7;2-8;3) and 12 ten- to
eleven-year-olds (average age: 10;9; range: 10;1-11;5) participated in the experiment.
They were recruited from Beijing 21st Century kindergarten and primary school, and they
all spoke Mandarin as their native language without any detectable regional accent.
Twelve adult native speakers of Mandarin (average age: 19 years; range: 18-20 years; six
females and six males) were tested as a control group. They were undergraduates from
Beijing Forestry University at the time of testing, and all spoke Mandarin without any
detectable regional accent. Three female native speakers of Mandarin administered the
experiment after having received intensive training on how to conduct it. The children
were tested individually in quiet rooms in their kindergarten or school. Two experimental
sessions — one eliciting 40 sentences with the group-1 words and the other eliciting 40
sentences with the group-2 words — were held on two different days for each four- to five-
year-old, and on the same day for the older children but with a break in between. The
children were also allowed to take a break during an experimental session whenever nec-
essary. Each experimental session lasted about 35 minutes and was audio-recorded at a
sampling rate of 44.1 kHz with 16 bits using a zoom H1 recorder. The experimental ses-
sions with the four- to five-year-olds were also video-recorded for training purposes. The
adults were tested following the same experimental procedure, but were informed that the
game was of a simple nature because it would also be played with children.

Annotation

The audio recording from each participant was first orthographically annotated in
Praat (Boersma & Weenink, 2013). Then usable sentences were selected for phonetic
annotation (59% for the four- to five-year-olds, 82% for the seven- to eight-year-olds,
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and 90% for the ten- to eleven-year-olds), and unusable ones were excluded from further
analysis.! A target sentence was considered unusable only in one of the following cases:
(1) the participant produced the target sentence before the experimenter asked the ques-
tion, (2) the experimenter asked a different question than the intended question in that
trial, (3) the experimenter did not provide an adequate description of the picture before
she asked a question, (4) the sentence was produced at a noisy moment of the kindergar-
ten or school, (5) the sentence was produced with word insertion, deletion, or replace-
ment, (6) the sentence was produced with self-repair or clearly perceivable hesitation, or
(7) the sentence was produced with perceivable marked intonation, such as chanting-,
singing- and howling-like intonation, or with laughter. As we were interested in the use
of pitch span, defined as the difference between the maximum pitch (pitch-max) and
minimum pitch (pitch-min) of the target words, and duration in focus-marking, we then
annotated the target words in the usable sentences for word boundaries, following stand-
ard procedures (Macha¢ & Skarnitzl, 2009), and pitch-max and pitch-min, taking the
tonal targets of the lexical tones into account (Xu, 1997; Xu & Wang, 2001).

Analysis and results

As mentioned earlier, the target words were focal in the NF-m, BF and CF-m conditions,
post-focal in the NF-i condition, and pre-focal in the NF-f condition. We analysed the
effect of narrow focus (i.e. NF-m vs NF-i/NF-f) and focus types differing in size (i.e.
NF-m vs BF) or contrastivity (i.e. NF-m vs CF-m) on the use of each duration- or pitch-
related prosodic cue. The data of the adult control group (Yang & A. Chen, under revi-
sion) were included in the statistical analysis for comparison reasons.

Mixed-effects modelling in the program R with the Ime4 package (Bates, Maechler,
Bolker, & Walker, 2015) was used to assess the data. The dependent variables were duration,
pitch span, pitch-max and pitch-min of the target words. The random factors were SPEAKER
(i.e. the participants) and SENTENCE (i.e. the target sentences). The fixed factors were AGE,
Focus and TONE. AGE referred to the four age groups and thus had four levels (i.e. three groups
of children and one group of adults. The adults was set as the reference category?). Focus
referred to the focus conditions. For each analysis, two conditions were compared to each
other in order to address a specific question. Focus thus always had two levels. TonE referred
to the tones of the target words, and had four levels (i.e. Tone 1, 2, 3 and 4).

To find out whether a particular prosodic cue was used to distinguish two focus condi-
tions, models were built using the aforementioned factors. Starting from an ‘empty’
model (hereafter Model 0) containing only the random factors, we added the main effects
of the fixed factors, the two-way interactions between each two fixed factors, and the
three-way interaction between all of them to the model in a stepwise fashion, building
seven additional models (Table 2). The ANOVA function in R was used to compare mod-
els in order to derive the model with the best fit.

For each analysis, we report on the best-fit model according to the model compari-
sons, and statistically significant main effects or interactions according to the summary
of the best-fit model. To control the false discovery rate (i.e. the proportion of significant
results that are actually false positives) in multiple mixed-effects models on the data
obtained from the same participants, we adopted the Benjamini—Hochberg procedure
using a strict false discovery rate value 0.1, instead of the recommend 0.25 (Benjamini



34 First Language 38(1)

Table 2. Model build-up procedure.

Model Factor added
Model 0

Model | Focus

Model 2 AGE

Model 3 ToNE

Model 4 Focus : AGE
Model 5 Focus : TONE
Model 6 AGE : TONE

Model 7 Focus : AGE : TONE

& Hochberg, 1995; Simes, 1986), by means of the Excel spreadsheet developed by
McDonald (2016). This procedure revealed that all effects with a p-value smaller than
0.05 and one effect with a p-value equal to 0.05 remained to be significant and that five
effects with a p-value slightly larger than 0.05 (0.052 ~ 0.058) turned out to be significant
as well. We decided to focus on the main effects and interactions emerging from the best-
fit models with a p-value smaller than 0.05.

As the model summary of the best-fit model does not straightforwardly show the differ-
ence between two focus conditions in the use of a particular prosodic cue in each age group,
we did additional mixed-effects modelling on each age group to obtain a clearer picture on
interactions involving the factor AGe. If the best-fit model contains the three-way interaction
of Focus, AGE and TONE, we discuss how the speakers in each age group distinguished the two
focus conditions in each tonal category by examining the interaction of Focus and TONE in
each age group. If the best-fit model contains the two-way interaction of Focus and AGE, we
discuss how the speakers in each age group distinguished the two focus conditions by exam-
ining the main effect of Focus in each age group. We do not discuss the main effects of the
factors when the interactions involving these factors are significant, two-way interactions
when three-way interactions involving the same factors are significant, and interactions that
do not involve the factors Focus and AGE.

Effect of narrow focus (Narrow focus vs non-focus)

Narrow focus vs pre-focus (NF-m vs NF-f)

WORD DURATION. The summary of the best-fit model (Model 4) for the analysis on
word duration showed that the interaction of Focus and AGE was significant. Subsequent
analysis on each age group showed that the word duration was significantly longer in
narrow focus than in pre-focus in all the four age groups: the four- to five-year-olds
(69 ms longer, SE = 0.009, df = 50.730, t =—7.752, p < 0.001, > = 0.535, 2, = 0.527),
the seven- to eight-year-olds (61 ms longer, SE = 0.008, df = 62.270, t = —7.621, p <
0.001, r2 = 0.651, Q2, = 0.640), the ten- to eleven-year-olds (33 ms longer, SE = 0.006,
df=63.230,t=-5.350, p <0.001, 2= 0.579, Q%,= 0.567), and the adults (19 ms longer,
SE = 0.005, df = 60.820, t = —3.995, p < 0.001, 2 = 0.625, Q?%, = 0.613) (Figure 2).
However, the children varied word duration to a much larger extent than the adults.
Among the children, the four- to five-year-olds and seven- to eight-year-olds varied word
duration to a larger degree than the ten- to eleven-year-olds.



Yang and Chen 35

PITCH SPAN. The summary of the best-fit model (Model 6) for the analysis on pitch
span showed that the interaction of Focus and AGE was significant. Subsequent analysis
on each age group showed that the pitch span was significantly wider in narrow focus
than in pre-focus in the seven- to eight-year-olds (1.8 st wider, SE = 0.487, df = 59.400, ¢
=-3.777,p<0.05,2=0.757, Q%,= 0.745) and ten- to eleven-year-olds (1.5 st wider, SE
=0.400, df=58.060, t =—3.817, p < 0.05, r> = 0.737, Q?, = 0.729), similar to the adults
(0.7 st wider, SE = 0.295, df = 60.650, t =—2.517, p < 0.05, 2 = 0.666, Q?, = 0.652), but
not in the four- to five-year-olds (Figure 3).

H Narrow focus Pre-focus

[SSIE N
(=]
S O

Duration (ms)
_
(=] (=]
(=) (=)

=]

Age4-5 Age7-8 Age 10-11 Adults

Figure 2. The use of duration in distinguishing narrow focus from pre-focus.

H Narrow focus Pre-focus

6

50 4
40 44
4 32 33 2.9 3.1 «
23
2 I
0

Age4-5 Age7-8 Age10-11 Adults

Pitch span (st)

Figure 3. The use of pitch span in distinguishing narrow focus from pre-focus.

PITCH-MAX. The summary of the best-fit model (Model 7) for the analysis on pitch-
max showed that the interaction of Focus, AGE and TONE was significant. Subsequent analy-
sis revealed no significant main effect of Focus or significant interaction of Focus and TONE
in the four- to five-year-olds, indicating that they did not use pitch-max to distinguish
narrow focus from pre-focus, regardless of tone, similar to the adults. In the seven- to eight-
year-olds, there was a significant interaction of Focus and ToNe. They used a significantly
higher pitch-max in narrow focus than in pre-focus for words in Tone 1 (1.4 st higher, SE =
0.569, df=59.390, t =—2.463, p <0.05, 2= 0.894, Q2, = 0.892) and Tone 4 (2.2 st higher,
SE =0.573, df=61.040, t =—3.821, p < 0.001, 2 = 0.816, Q?, = 0.814), but not for words
in Tone 2 or Tone 3 (Figure 4). In the ten- to eleven-year-olds, there were significant main
effects of Focus and ToNE, but no significant interaction, suggesting that they used a higher
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pitch-max in narrow focus than in pre-focus (0.7 st higher, SE = 0.246, df = 62.710, ¢ =
—2.653, p <0.05, 2 =0.889, O?, = 0.889), regardless of tone.

B Narrow focus Pre-focus

o 102 »1003 101.1 *
< 98.9
% o8 97.5 97.2 966971
£
S 9%
=
-

90

Age 7-8

Figure 4. The use of pitch-max in distinguishing narrow focus from pre-focus in different tones
in the seven- to eight-year-olds.

PITCH-MIN. The summary of the best-fit model (Model 7) for the analysis on pitch-min
showed that the interaction of Focus, AGE and TONE was significant. Subsequent analysis
revealed a significant effect of Focus, but no significant interaction of Focus and TONE in the
ten- to eleven-year-olds, indicating that they used a lower pitch-min in narrow focus than in
pre-focus (0.9 st lower, SE = 0.344, df =57.750, t=2.622, p <0.05, 2= 0.887, 2, = 0.886),
regardless of tone, similar to the adults (0.5 st lower, SE = 0.222, df = 61.450, t = 2.148,
p<0.05, r2=0.983, O%,= 0.983). In both the four- to five-year-olds and the seven- to eight-
year-olds we found a significant interaction of Focus and ToNE. The four- to five-year-olds
used a lower pitch-min in narrow focus than in pre-focus for words in Tone 2 (1.8 st lower,
SE =0.691, df =34.490, t = 2.627, p < 0.05, r> = 0.757, Q2, = 0.720), but not for words in
the other tones (Figure 5). The seven- to eight-year-olds used a lower pitch-min in narrow
focus than in pre-focus for words in Tone 2 (2.0 st lower, SE = 0.630, df = 54.090, t = 3.266,
p <0.05, 2 = 0.785, 2, = 0.770) and Tone 3 (1.9 st lower, SE = 0.836, df = 75.500,
t=2.341,p<0.05, r> = 0.855, Q?%, = 0.836), but not for words in the other tones (Figure 5).

®m Narrow focus Pre-focus

97.697 1

Figure 5. The use of pitch-min in distinguishing narrow focus from pre-focus in different tones
in the four- to five-year-olds and seven- to eight-year-olds.
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INTERIM SUMMARY. To distinguish narrow focus from pre-focus, the three groups
of children all used a longer duration for the focused words than for the pre-focal ones,
similar to the adults. Only the seven- to eight-year-olds and ten- to eleven-year-olds used
a wider pitch span for the focused words than for the pre-focal ones, as the adults did.
Different from the adults who expanded the pitch span mainly by lowering the pitch-
min, the ten- to eleven-year-olds did that by both raising the pitch-max and lowering the
pitch-min. The way in which the seven- to eight-year-olds expanded the pitch span of the
focused words was conditioned by tone. They expanded the pitch span of the Tone 1 and
Tone 4 words mainly by raising the pitch-max and expanded the pitch span of the Tone
2 and Tone 3 words mainly by lowering the pitch-min.

Narrow focus vs post-focus (NF-m vs NF-i)

WORD DURATION. The summary of the best-fit model (Model 4) for the analysis on
word duration showed that the interaction of Focus and AGE was significant. Subsequent
analysis on each age group showed that the word duration was significantly longer in
narrow focus than in post-focus in the four- to five-year-olds (64 ms longer, SE = 0.010,
df=57.860,t=—-6.771, p <0.001, 72 =0.601, Q%,= 0.591), the seven- to eight-year-olds
(71 ms longer, SE = 0.007, df = 62.500, t = —10.06, p < 0.001, 72 = 0.676, 2, = 0.669),
the ten- to eleven-year-olds (49 ms longer, SE = 0.007, df = 63.020, t = —7.242, p <
0.001, r2=0.703, Q?, = 0.697), and the adults (22 ms longer, SE = 0.005, df = 61.600, ¢
=—4.706, p < 0.001, 2 = 0.568, Q%, = 0.552) (Figure 6). However, the children varied
word duration to a much larger extent than the adults. Among the children, the four- to
five-year-olds and seven- to eight-year-olds varied word duration to a larger degree than
the ten- to eleven-year-olds.
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Figure 6. The use of duration in distinguishing narrow focus from post-focus.

PITCH SPAN. The summary of the best-fit model (Model 7) for the analysis on pitch
span showed that the interaction of Focus, AGE and TONE was significant. Subsequent
analysis showed no significant main effect of Focus or significant interaction of Focus
and ToNE in the four- to five-year-olds, indicating they did not use pitch span to distin-
guish narrow focus from post-focus, different from the adults, who used a wider pitch
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span in narrow focus than in post-focus regardless of tones (0.8 st wider, SE = 0.233,
df=64.120,t=-3.261, p <0.05, 2= 0.687, Q?, = 0.677). In both the seven- to eight-
year-olds and ten- to eleven-year-olds, we found a significant interaction of rFocus and
ToNE. The seven- to eight-year-olds used a significantly wider pitch span in narrow
focus than in post-focus for words in Tone 2 (4.0 st wider, SE = 0.736, df = 55.190, t =
—5.424, p <0.001, r2 = 0.741, Q2, = 0.734) and Tone 4 (2.0 st wider, SE = 0.742, df =
57.270, t=-2.738, p < 0.05, r2 = 0.842, 2, = 0.833). They also tended to use a wider
pitch span in narrow focus than in post-focus for words in Tone 3, but this tendency
only approached statistical significance (1.9 st wider, SE = 0.958, df = 80.580, ¢ =
—1.989, p = 0.05, 2 =0.578, OQ?, = 0.548). They did not vary pitch span for the same
distinction for Tone 1 (Figure 7). The ten- to eleven-year-olds used a significantly
wider pitch span in narrow focus than in post-focus for words in Tone 2 (2.8 st wider,
SE =0.698, df=56.890, t =—-3.980, p < 0.001, 2= 0.770, Q?, = 0.760), Tone 3 (1.6 st
wider, SE = 0.734, df = 66.350, t =—2.174, p < 0.05, r2=0.726, Q?, = 0.679) and Tone
4 (1.4 st wider, SE = 0.677, df = 50.720, t =—2.061, p < 0.05, r> = 0.648, 2, = 0.621),
but not in Tone 1 (Figure 7).
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Figure 7. The use of pitch span in distinguishing narrow focus from post-focus in different
tones in the seven- to eight-year-olds and ten- to eleven-year-olds.

PITCH-MAX. The summary of the best-fit model (Model 7) for the analysis on
pitch-max showed that the interaction of Focus, AGE and TONE was significant. Sub-
sequent analysis showed a significant interaction of Focus and TONE in each group of
children. The four- to five-year-olds used a significantly higher pitch-max in narrow
focus than in post-focus for words in Tone 1 (2.9 st higher, SE = 0.688, df = 63.280, ¢
=-4.224, p <0.001, > = 0.721, Q%, = 0.715), Tone 2 (1.6 st higher, SE = 0.693, df =
59.540, t = —2.230, p < 0.05, > = 0.646, Q2, = 0.598) and Tone 4 (1.7 st higher, SE =
0.664, df = 55.320, t = —-2.506, p < 0.05, 2 = 0.545, %, = 0.476), but not for words in
Tone 3 (Figure 8). The seven- to eight-year-olds also used a significantly higher pitch-
max in narrow focus than in post-focus for words in Tone 1 (3.9 st higher, SE = 0.740,
df = 58.260, t = —=5.196, p < 0.001, 2 = 0.895, 2, = 0.892), Tone 2 (3.6 st higher,
SE = 0.753, df = 62.240, t = —4.783, p < 0.001, r?> = 0.848, 2, = 0.843) and Tone 4
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(2.9 st higher, SE = 0.749, df=61.000, t = —3.946, p < 0.001, 2 = 0.864, Q?, = 0.860),
but not for words in Tone 3 (Figure 8). The ten- to eleven-year-olds were similar to
the two other groups of children, also using a significantly higher pitch-max in narrow
focus than in post-focus for words in Tone 1 (2.9 st higher, SE = 0.555, df = 63.820,
t=-5.247, p <0.001, 2 = 0.883, Q?, = 0.882), Tone 2 (2.8 st higher, SE = 0.564, df
= 67.380, t = —5.029, p < 0.001, »2 = 0.886, Q?, = 0.882) and Tone 4 (2.2 st higher,
SE = 0.546, df = 60.060, t = —4.061, p < 0.001, > = 0.914, Q?, = 0.913), but not for
words in Tone 3. Differently, the adults used a significantly higher pitch-max in narrow
focus than in post-focus, regardless of tones (1.1 st higher, SE = 0.209, df = 61.740, ¢
=-5.214,p<0.001, 2= 0.977, Q%,=0.977) (Figure 8). However, all the three groups
of children realised narrow focus with a substantially larger increase in pitch-max (>
1.1 st) than the adults when they did use pitch-max systematically.
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Figure 8. The use of pitch-max in distinguishing narrow focus from post-focus in different
tones in the three groups of children.

PITCH-MIN. The summary of the best-fit model (Model 7) for the analysis on
pitch-min showed that the interaction of Focus, AGE and TONE was significant. Sub-
sequent analysis showed a significant interaction of Focus and TONE in each age
group. The four age groups all used a higher pitch-min in narrow focus than in post-
focus for words in Tone 1, but the children produced a larger difference in pitch-min
between the two focus conditions than the adults (3.8 st higher for the four- to five-
year-olds, SE = 0.605, df = 167.230, t = —6.230, p < 0.001, 2= 0.721, Q?,=0.715;
4.0 st higher for the seven- to eight-year-olds, SE = 0.554, df = 50.400, t = —7.215,
p <0.001, »2=10.895, Q%,=0.892; 3.2 st higher for the ten- to eleven-year-olds, SE
=0.610, df=52.580, t =—-5.352, p < 0.001, »2 = 0.883, Q2, = 0.882; 1.3st higher for
the adults, SE = 0.423, df = 55.200, t =—-3.187, p < 0.05, r> = 0.984, Q?, = 0.984) but
not for words in the other tones (Figure 9).
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Figure 9. The use of pitch-min in distinguishing narrow focus from post-focus in different
tones in each age group.

INTERIM SUMMARY. To distinguish narrow focus from post-focus, the three groups of
children all used a longer duration in narrow focus than in post-focus, similar to the adults.
However, different from the adults, who used a wider pitch span in narrow focus than in
post-focus, the ten- to eleven-year-olds used pitch span in this manner for words in Tone
2, Tone 3 and Tone 4, and the seven- to eight-year-olds used pitch span in this manner for
words in Tone 2 and Tone 4. The four- to five-year-olds, however, did not vary pitch span
for this purpose. Further, different from the adults, who used a higher pitch-max in narrow
focus than in post-focus, the three groups of children only used pitch-max in this manner
for words in Tone 1, Tone 2 and Tone 4 but to a larger extent than the adults. In addition,
the children all used a higher pitch-min in narrow focus than in post-focus for words in
Tone 1, similar to the adults but again to a larger extent than the adults. Thus, in the two
groups of older children, the pitch span difference between narrow focus and post-focus
for words in Tone 2 and Tone 4 was caused by a difference between focus and post-focus
in pitch-max, similar to the adults’ production. Last, the three groups of children all used a
higher pitch register (i.e. a higher pitch-max and a higher pitch-min) in narrow focus than
in post-focus for words in Tone 1, similar to the adults.

Effect of size of focal constituent (Narrow focus vs broad focus (NF-m vs
BF))

WORD DURATION. The summary of the best-fit model (Model 2) for the analysis on
word duration showed that the main effects of Focus and AGE were significant, but the
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interaction of Focus and AGE was not significant. Thus the speakers used a significantly
longer word duration in narrow focus than in broad focus, regardless of age (20 ms
longer, SE = 0.0006, df = 63.750, t = —3.540, p < 0.001, 2 = 0.683, Q2, = 0.682).

PITCH SPAN. The summary of the best-fit model (Model 6) for the analysis on pitch
span showed that the interaction of Focus and AGE was significant. Subsequent analysis
on each age group showed that the pitch span was significantly wider in narrow focus
than in broad focus in the ten- to eleven-year-olds (1.0 st wider, SE = 0.424, df = 56.480,
t=-2.523, p<0.05, 2= 0.749, 2, = 0.740), but not in the other two groups of children
or in the adults (Figure 10).
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Figure 10. The use of pitch span in distinguishing narrow focus from broad focus.

PITCH-MAX. The summary of the best-fit model (Model 6) for the analysis on pitch-max
showed that the interaction of Focus and AGE was significant. Subsequent analysis on each age
group showed that the pitch-max was significantly higher in narrow focus than in broad focus
in the four- to five-year-olds (1.3 st higher, SE = 0.435, df = 57.500, t =—2.936, p < 0.05, 12 =
0.616, Q2,=0.588), but not in the other two groups of older children or in the adults.

PITCH-MIN. The summary of the best-fit model (Model 6) for the analysis on pitch-
min showed that the main effect of Focus was not significant, and it was not involved
in any interaction. Thus, the speakers did not use pitch-min to distinguish narrow focus
from broad focus, regardless of age.

INTERIM SUMMARY. The three groups of children all used a longer duration in nar-
row focus than in broad focus, similar to the adults. The seven- to eight-year-olds did not
vary the pitch-related cues for this distinction, similar to the adults. The ten- to eleven-
year-olds used a wider pitch span and the four- to five-year-olds used a higher pitch-max
for the words in narrow focus than in broad focus, different from the adults.

Effect of contrastivity (Narrow focus vs contrastive focus (NF-m vs CF-m))

WORD DURATION, PITCH SPAN AND PITCH-MAX. In the analyses on word duration,
pitch span and pitch-max, the effect of Focus was not significant, and it was not involved
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in any interaction. Thus, the children did not use these cues to distinguish narrow focus
from contrastive focus, similar to the adults.

PITCH-MIN. The summary of the best-fit model (Model 6) for the analysis on pitch-
min showed that the interaction of Focus and AGE was significant. Subsequent analysis
on each age group showed that the pitch-min was significantly lower in contrastive focus
than in narrow focus in the four- to five-year-olds (1.4 st lower, SE = 0.664, df = 46.220,
t=-2.075, p <0.05, 2= 0.706, 2, = 0.667), but not in the other two groups of children
or in the adults.

INTERIM SUMMARY. The seven- to eight-year-olds and ten- to eleven-year-olds did
not use any of the four phonetic cues to distinguish narrow focus from contrastive focus,
similar to the adults. The four- to five-year-olds used a lower pitch-min for contrastive
focus than for narrow focus, different from the adults.

Discussion

We have examined how Mandarin-speaking four- to five-year-olds, seven- to eight-year-
olds, and ten- to eleven-year-olds use duration and pitch to distinguish narrow focus
from non-focus and two other types of focus, compared to adults in spontaneous speech.

With regard to the prosodic realisation of narrow focus, we have observed adult-like use
of duration in distinguishing narrow focus from both pre-focus and post-focus at the age of
four to five. However, children make no systematic use of pitch span for the same purposes
at this age, unlike adults. Nevertheless, they can vary pitch-max and pitch-min to distin-
guish focus from post-focus and vary pitch-min to distinguish focus from pre-focus in an
adult-like way in certain tonal categories. By the age of seven to eight, they can vary pitch
span in an adult-like way to distinguish focus from pre-focus regardless of tone, and to
distinguish focus from post-focus in Tone 2 and Tone 4. By the age of ten to eleven, they
become adult-like in the use of pitch span in distinguishing focus from post-focus in all but
Tone 1. In addition, children’s use of pitch-max and pitch-min is still not fully adult-like at
the age of seven to eleven, thus unadult-like in how they realise the difference in pitch span
between different focus conditions. Additionally, it is worth noting that children vary the
duration- and pitch-related cues to a greater degree than adults do. Similarly, English-
speaking children were found to vary pitch span to a greater degree than adults in produc-
ing the falling accent H*L (Astruc, Payne, Post, Vanrell, & Prieto, 2013). The more
intensive use of duration and pitch in children might be explained by the ‘Effort Code’,
according to which more articulatory effort leads to a larger pitch span (Gussenhoven,
2004) and consequently a longer duration to implement the change in pitch span (Xu &
Wang, 2001). The children in our study may be more engaged in the game than adults, and
thus take more effort in speech production, especially when telling something new.

As for the distinction of focus types differing in focal constituent size, we have found
that four- to five-year-olds can already vary duration in an adult-like way in distinguish-
ing narrow focus from broad focus. However, they also use a higher pitch-max for nar-
row focus than for broad focus, different from adults. By the age of seven to eight,
children no longer distinguish these two types of focus using the pitch-related cues, simi-
lar to adults. Unexpectedly, at the age of ten to eleven, children use a wider pitch span for



Yang and Chen 43

narrow focus than for broad focus, different from adults. Ten- to eleven-year-olds’ use of
pitch span in distinguishing these two conditions is similar to adults’ use of prosody for
the same purpose in read speech (e.g. Xu, 1999), suggesting a more careful manner of
speaking in this age group than in the other age groups.

Regarding the distinction of focus types differing in contrastivity, adults do not use
any of the four prosodic cues to distinguish narrow focus from contrastive focus. At the
age of four to five, children do not use duration to make the distinction but use a lower
pitch-min in contrastive focus than in narrow focus, different from adults. At the age
of seven to eight and onwards, they do not prosodically distinguish narrow focus from
contrastive focus, like adults. A similar observation that young children use prosody to
mark contrast while adults do not has been reported in German (Griinloh, Lieven, &
Tomasello, 2015). We conjecture that young children may find it exciting to correct an
adult with whom they are already familiar, and thus mark contrast with more prosodic
prominence.

Furthermore, we have seen evidence that Mandarin-speaking children’s use of pitch for
focus-marking purposes varies between tones at younger ages. First, as mentioned earlier,
to distinguish narrow focus from pre-focus, seven- to eight-year-olds expand the pitch span
in Tone 1 and Tone 4 by raising the pitch-max, and expand the pitch span in Tone 2 and
Tone 3 by lowering the pitch-min in narrow focus. Given that Tone 1 and Tone 4 start with
a high tonal onset, while Tone 2 and Tone 3 start with a relatively low tonal onset (e.g. Xu,
1997), seven- to eight-year-olds might have chosen to expand the pitch span by raising the
high tonal onset in Tone 1 and Tone 4, which led to an even higher pitch-max in Tone 1 and
Tone 4, and lowering the low tonal onset in Tone 2 and Tone 3, which led to an even lower
pitch-min in Tone 2 and Tone 3. This approach is not adult-like but may still be effective in
achieving more prosodic prominence in focus. It has been shown that listeners associate a
higher pitch of a high tone and a lower pitch of a low tone with more prominence in Dutch
(Gussenhoven & Rietveld, 2000). Further, in distinguishing focus from post-focus, ten- to
eleven-year-olds’ use of pitch span in Tone 1 and their use of pitch span in terms of varia-
tion in pitch-max in Tone 3 are not adult-like. The later acquisition of the use of pitch span
for Tone 1 and Tone 3 than for Tone 2 and Tone 4 post-focally may be related to tonal
properties. Specifically, Tone 2 and Tone 4 are characterised by a sharp rise and a steep fall
respectively, whereas Tone 1 is a flat tone and Tone 3 is usually realised as a low tone with
a slightly falling pitch contour. Adult speakers vary the pitch span in Tone 1 and Tone 3 to
a lesser degree than in Tone 2 and Tone 4 in focus-marking, probably to keep the tonal
identities of Tone 1 and Tone 3 intact. Thus, the perceivable changes in pitch span in post-
focal regions may also be relatively small in Tone 1 and Tone 3 in the input available to
children. Accordingly, children may need more time to grasp these small changes from
input in Tone 1 and Tone 3 than in Tone 2 and Tone 4.

Comparing Mandarin-speaking children with children acquiring a West Germanic
language, we have found that Mandarin-speaking children begin to use phonetic means
at an earlier age and become adult-like in the use of certain phonetic means at an earlier
age, in line with our prediction based on the more extensive exposure to phonetic focus-
marking in Mandarin. Specifically, Mandarin-speaking children can already vary
duration to distinguish narrow focus from non-focus as well as from broad focus in
an adult-like way by the age of four to five. In contrast, English-speaking children
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do not vary duration to distinguish contrastive (i.e. ‘Given-Shift’ and ‘New”) from non-
contrastive (i.e. ‘Given-NonShift”) words when they are both accented with a falling
pitch accent at the age of three to four (Wonnacott & Watson, 2008), different from adults
(Watson, Arnold, & Tanenhaus, 2005, as cited by Wonnacott & Watson, 2008). Dutch-
speaking children do not vary duration to distinguish sentence-initial focus from non-
focus when a falling accent is used in both cases at the age of seven to eight, different
from adults (A. Chen, 2009). Furthermore, English- and German-speaking children vary
pitch-related cues in an adult-like way to mark focus at the age of four to five when focus
is contrastive (Miiller et al., 2005; Wonnacott & Watson, 2008), while Dutch-speaking
children of this age range do not show adult-like use of pitch in distinguishing focus from
non-focus when focus is not contrastive (A. Chen, 2009). These findings imply that chil-
dren’s phonetic use of pitch in West Germanic languages may be related to the expres-
sion of contrast (A. Chen, 2015). However, Mandarin-speaking children at a similar age
can vary pitch-max and pitch-min of certain lexical tones for focus-marking purposes
even when the focused words do not carry contrast.

We have also found that the use of pitch for lexical purposes in Mandarin influences
the order in which Mandarin-speaking children learn to use pitch and duration in focus-
marking. We have predicted that the lexical use of pitch can either speed up the acquisi-
tion of pitch for focus-marking purposes (because children need to pay close attention to
pitch from an early age in word learning) or slow it down (because there is limited
acoustic space left for focus-related manipulation in pitch), compared to the acquisition
of duration. Our results provide evidence for the latter prediction. Mandarin-speaking
children master the use of duration for focus-marking purposes by the age of four to five,
but their use of pitch for the same purposes still develops after the age of eleven. In con-
trast, children acquiring a West Germanic language use pitch-related cues earlier than
duration in phonetic focus-marking.
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Notes

1. The unusable sentences were evenly distributed over different focus conditions, even in the
case of the four- to five-year olds (i.e. 7% in NF-m; 8% in NF-f; 7% in NF-i; 11% in BF; 8%
in CF-m).

2. We previously did analyses for each age group separately, and found that the main pattern did
not deviate from what we observe in the current analyses including all age groups. We thus
keep the adults in the models as the reference category for the current analyses.
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