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Purpose: The current study investigated English prosodic focus marking by autis-
tic and typically developing (TD) Cantonese trilingual children, and examined the 
potential differences in this regard compared to native English-speaking children. 
Method: Forty-eight participants were recruited with 16 speakers for each of 
the three groups (Cantonese-speaking autistic [CASD], Cantonese-speaking TD 
[CTD], and English-speaking TD [ETD] children), and prompt questions were 
designed to elicit desired focus type (i.e., broad, narrow, and contrastive focus). 
Mean duration, mean fundamental frequency (F0), F0 range, mean intensity, and 
F0 curves were used as the acoustic correlates for linear mixed-effects model 
fitting and functional data analyses in relation to groups and focus conditions 
(i.e., broad, narrow, and contrastive pre-, on-, and post-focus). 
Results: The CTD group had post-focus compression (PFC) patterns via reduc-
ing mean duration, narrowing F0 range, and lowering mean F0, F0 curve, and 
mean intensity for words under both narrow and contrastive post-focus condi-
tions, while the CASD group only had shortened mean duration and lowered F0 
curves. However, neither the CTD group nor CASD group showed much of on-
focus expansion (OFE) patterns. The ETD group marked OFE by increasing 
mean duration, mean F0, mean intensity, and higher F0 curve for words under 
on-focus conditions. 
Conclusions: The CTD group utilized more acoustic cues than the CASD group 
when it comes to PFC. The ETD group differed from the CASD and CTD groups 
in the use of OFE. Furthermore, both the CASD and CTD groups showed posi-
tive first language transfer in the use of duration and intensity and, potentially, 
successful acquisition in the use of F0 for prosodic focus marking. Meanwhile, 
the differences in the use of OFE between the Cantonese-speaking and 
English-speaking groups, not PFC, might indicate that Cantonese-speaking chil-
dren acquire PFC prior to OFE. 
Autism spectrum disorder (ASD) is a neurodevelop-
mental disorder that affects various aspects of life 
(Asghari et al., 2021; Lord et al., 2018), with deficits in 
social communication and interaction (be it verbal or
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nonverbal) being one of the major symptoms (American 
Psychiatric Association [APA], 2013). Prosody portrays 
the suprasegmental features of speech and serves an 
important role in communicative functions (Peppé et al., 
2007). Prosodic cues used in focus marking indicate the 
relative prominence of certain segments and signal out the 
new or corrective information in an utterance (Bolinger, 
1972; Cruttenden, 1997; Ladd, 2008; Xu & Xu, 2005).
right © 2024 American Speech-Language-Hearing Association 1
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For example, a lengthened syllable in the sentence medial 
position could mark the center of informativeness in a dis-
course. While the encoding and decoding of prosodic 
focus marking in a discourse seems to be straightforward 
for typically developing (TD) individuals, many studies 
(McCann & Peppé, 2003; Peppé et al., 2007) have 
reported impaired performance among autistic individuals. 
The main difficulties in understanding social norms in 
communication for autistic individuals often result from 
the lack of the ability to perceive and produce reciprocal 
prosodic cues (APA, 2013; Thye et al., 2018). Many stud-
ies have investigated the prosodic focus marking patterns 
of autistic speech among monolingual speakers. However, 
there is a relative scarcity of research looking into the 
multilingual community as well as the acquisition of focus 
marking in a second language (L2), despite significant 
prevalence of the multilingual community in the modern 
society. In the context of Hong Kong, for example, over 
50% of the population (approximately 4 million people; 
Population By-census, 2016) use at least two languages in 
their daily communications. It is then essential to investi-
gate the effect of multilingual exposure on the autistic 
population, especially when studies have shown potential 
benefits to bilingual exposure for individuals with autism. 
For example, Ratto et al. (2020) investigated the effects of 
bilingual exposure on executive functioning and social 
communication skills among monolingual and bilingual 
autistic children. All of the bilingual children had English 
as L2, but different first language (L1) backgrounds 
such as Amharic, Arabic, and Mandarin, and so forth. 
They found that the bilingual group had fewer executive 
functioning problems and better social communication 
skills when compared to the monolingual group. Further-
more, a recent study reported that bilingual exposure 
might enhance the development of L1 focus marking 
(Ge et al., 2023). Specifically, Ge et al. compared the 
focus production of autistic L1 Cantonese, L2 English 
bilingual children to their monolingual autistic peers and 
monolingual and bilingual TD children, showing that 
bilingual autistic children performed equally well to TD 
children and outperformed autistic monolingual autistic 
children. Recognizing the potential benefits of a bilingual 
or/and multilingual context on the development of focus 
in autistic children, it is crucial to gain a deeper under-
standing of focus marking production in trilingual autistic 
children. The current study examines the production
•

Table 1. Focus type as a function of the prompt questions. 

Focus type Questio

a. Broad What do you see in the p

b. Narrow What is Amy doing to the

c. Contrastive Amy is hugging the doll?

Note. Words on focus are marked by bold italics (see Appendix A for th
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of English prosodic focus marking of trilingual (i.e., Can-
tonese, English, Mandarin) Hong Kong Cantonese– 
speaking autistic children (hereafter the CASD group) and 
compares their production with that of Hong Kong 
Cantonese–speaking TD children (hereafter the CTD 
group) and native English-speaking TD children (hereafter 
the ETD group). 
Focus and Its Acoustic Correlates 

Halliday (1967) first introduced the concept of infor-
mation structure, which describes the focal point of infor-
mation within a discourse. The contrast between the focal 
and nonfocal point can be marked by prosodic cues. 
Truckenbrodt (1995) further proposed the focus promi-
nence rule. Namely, more prominence is given to the 
words or syllables that correspond to the focused element 
in a discourse, which normally contains information not 
given in the preceding conversation, that is, accompanied 
by new information to the receiver (Lambrecht, 1994). 
According to Halliday (1967), new information is marked 
by three criteria: (a) New information needs to be the 
most important part in the current discourse; (b) new 
information is contrastive to what occurred in the pre-
ceding discourse; (c) new information answers the wh-
questions. Generally speaking, focus can be categorized 
into broad, narrow, and contrastive conditions depending 
on the preceding questions (Cruttenden, 1997). Table 1 
presents an example of focus types as a means of the pre-
ceding questions. In broad focus (see Table 1a), the 
entire sentence is under focus (Lambrecht, 1994, 2000), 
while in (b) narrow focus and (c) contrastive focus, the 
on-focus words (in bold and italics) have higher promi-
nence than pre-focus (i.e., “Amy”) and post-focus (i.e., 
“doll”) words (Halliday, 1967; Xu & Xu, 2005). In nar-
row and contrastive focus, although the on-focus word 
could be the same (i.e., in Sentences b and c), the differ-
ence lies in that the contrastive focus is accompanied by 
a limited number of alternatives (i.e., potential answers 
to the questions in c) in the discourse (A. Chen, 2018) 
while narrow focus is not. 

Many studies have explored the acoustic correlates 
of English prosody and focus marking. Early studies such 
as the work of Fry (1955) examined the role of duration 
and intensity in speech prosody and showed that duration
ns Target sentence 

icture? Amy is kissing the doll. 
 doll? Amy is kissing the doll. 

Amy is kissing the doll. 

e full list of questions). 
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plays a more salient cue than intensity for judgments of 
words on focus. Lieberman (1960) later investigated pat-
terns of F0, intensity, and duration in relation to stressed 
and unstressed syllables of American English. Although 
Lieberman found similar F0 patterns to Fry, that is, F0 is
an important cue for signaling focus, he concluded that 
intensity played a more salient cue than duration. Further-
more, Cooper et al. (1985) reported that native English 
adult speakers consistently produced on-focus words with 
longer duration than off-focus words in both short and 
long sentences; meanwhile, a sharp drop was observed in 
the F0 of post-focus words in short sentences. More 
recently, Xu and Xu (2005) concluded that on-focus words 
showed on-focus expansion (OFE), exhibiting a higher 
maximum F0, larger rise size, and shorter rise time in 
comparison to those at pre-focus and post-focus locations. 
Meanwhile, post-focus words are often accompanied by a 
lowered F0 (i.e., a pattern of post-focus compression 
[PFC]). Similar findings were reported by Breen et al. 
(2010), where they found that words at on-focus locations 
in general have longer duration, higher mean F0, and 
intensity than those at off-focus locations. 

Although previous studies showed no consensus on 
which acoustic feature contributes most to the prosodic 
focus marking in a discourse (Guo, 2022), it can be con-
cluded that F0, duration, and intensity are the three most 
studied acoustic correlates of prosodic focus marking in 
not only English but also other languages such as German 
(Mücke & Grice, 2014), Cantonese (Wu & Xu, 2010), 
Finnish (Arnhold & Kyröläinen, 2017), and Mandarin 
(Yang & Chen, 2014). 
Focus Marking by Autistic Individuals 

Many studies have attempted to explore distinctive 
prosodic features in autistic speech using an acoustic 
approach. For example, early studies have investigated the 
duration and frequency of pauses in speech produced by indi-
viduals with autism (e.g., Feldstein et al., 1982; Thurber & 
Tager-Flusberg, 1993), and some later ones have investi-
gated the differences in duration, F0, and intensity 
between autistic individuals and their TD counterparts 
(e.g., Bone et al., 2016; Diehl & Paul, 2012; Filipe et al., 
2014; Hubbard & Trauner, 2007; Paul et al., 2008; Sharda 
et al., 2010). Although atypical prosody in autistic speech 
has been widely reported (McCann & Peppé, 2003; Peppé 
et al., 2007), most of the previous studies have reported 
differences in prosody production in general (see Asghari 
et al., 2021; Fusaroli et al., 2017, for a review); for exam-
ple, the autistic group has overall higher mean F0 and 
wider F0 range than the TD group. Only a few studies 
have explored the use of prosodic focus marking among 
autistic individuals and how they differed from their TD 
Downloaded from: https://pubs.asha.org Hong Kong Polytechnic University on 02
peers. For example, Paul et al. (2008) compared word 
duration between autistic and TD speech in relation to 
stressed and unstressed conditions. They used an imitation 
task showing that the duration of stressed words was sig-
nificantly longer than that of unstressed words for both 
groups. In addition, Nadig and Shaw (2015) investigated 
more acoustic correlates (i.e., duration, mean F0, and 
intensity) of prosodic focus marking in relation to focus 
positions (i.e., on-focus vs. post-focus). Their findings on 
word duration resembled those reported by Paul et al. 
(2008) where both the autistic and TD group produced 
significantly longer duration for on-focus words than that 
for post-focus words. They also reported that both autistic 
and TD groups had significantly higher intensity for on-
focus syllables than post-focus syllables; however, neither 
the autistic nor TD children had such patterns in terms of 
mean F0. The reported acoustic patterns suggest that 
autistic individuals might have similar knowledge to their 
TD counterparts in using acoustic cues to mark focus and 
signal sentence prominence. However, DePape et al. 
(2012) showed that the ability of autistic individuals using 
focus marking can vary in relation to language skills, 
where they found that autistic individuals with moderate 
language skills tend to use F0 range to mark information 
structure, whereas those with high language functioning 
did not. The findings from DePape et al. seem to be coun-
terintuitive; however, they explained that although autistic 
children with high language skills had some language 
advantages over those with moderate language skills, they 
did not necessarily have better knowledge of where to and 
how to vary F0 range for marking information prominence 
in an utterance. DePape et al. also mentioned that the dif-
ference in marking information structure between autistic 
children with high and moderate language skills might also 
be attributed to prior speech intervention received (see 
DePape et al., 2012, for a detailed discussion). 

Prosodic Focus Marking by 
Bilingual Speakers 

Some studies have investigated L2 prosodic focus 
marking patterns among adult bilingual speakers (e.g., 
Fung & Mok, 2014; Guo, 2022; A. Lee & Xu, 2020; J. 
Liu et al., 2019; Wu & Chung, 2011; Wu & Xu, 2010), 
suggesting that the acquisition of prosodic focus marking 
in L2 does not just depend on prosodic similarities 
between languages, but, more importantly, the back-
ground of bilingual speakers, for example, early (simulta-
neous, sequential) and late bilinguals and daily contact of 
L2. Wu and Chung (2011) and Fung and Mok (2014) 
investigated the F0 variability of L1 Cantonese, L2 
English speakers as a function of whether the target word 
was on- or off-focus showing that prosodic focus marking 
had a low transferability across languages. Specifically,
Wang et al.: English Prosody of Trilingual Autistic Children 3
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their findings suggested that the Cantonese speakers did 
not show similar F0 patterns in their English production, 
that is, OFE and PFC, to native English speakers. Since 
duration and intensity are the main acoustic cues for pro-
sodic focus marking in Cantonese (Wu & Xu, 2010), the 
discrepancy in F0 patterns between Cantonese and English 
speakers in their English production is likely to be a nega-
tive L1 transfer of prosodic focus marking. In a different 
study, J. Liu et al. (2019) explored the production of pro-
sodic focus marking of L1 Korean L2 English bilinguals 
as a function of English proficiency (i.e., groups with 
advanced, intermediate, and low English proficiency). 

Among the three acoustic correlates (duration, F0 
range, and mean intensity) they investigated, they showed 
that the advanced L2 English speakers used all three acous-
tic correlates to indicate prosodic focus marking and had a 
similar OFE pattern (but no PFC) to the native English 
speakers; meanwhile, groups with intermediate and low 
English proficiency did not use any acoustic cues to indi-
cate OFE nor PFC in their English production. Since both 
English and Korean have OFE and PFC, the lack of posi-
tive L1 transfer of prosodic focus marking indicates that 
language proficiency has an important role in the acquisi-
tion of L2 prosody; meanwhile, studies also reported that 
PFC is likely to be acquired after OFE (J. Liu et al., 2019) 
and has low transferability between languages (Y. Chen 
et al., 2012; J. Liu et al., 2019; Wu & Chung, 2011). 

Many other studies have also investigated prosodic 
focus marking among other adult bilingual communities, 
for example, Mandarin–English (Guo, 2022; Visceglia 
et al., 2012), Japanese–English (A. Lee & Xu, 2020); how-
ever, only a few studies have investigated the use of pro-
sodic focus marking among bilingual children. For exam-
ple, Z. Liu et al. (2016) and L. Z. H. Liu (2017) investi-
gated the use of prosodic focus marking among Bai– 
Mandarin sequential bilingual children, showing that the 
Bai–Mandarin bilingual group had partially acquired 
acoustic cues to mark focus in their L2 Mandarin produc-
tion. Specifically, Bai–Mandarin sequential bilinguals had 
longer duration for on-focus words than pre-focus and 
post-focus words, and wider F0 range for on-focus words 
than post-focus words. Since the Bai language only utilizes 
duration (not F0) as an acoustic cue for marking focus, 
the use of duration can be attributed to positive L1 trans-
fer, whereas the use of F0 range can only be explained by 
successful acquisition (Z. Liu et al., 2016). In general, 
findings from previous studies indicate that prosodic focus 
marking can be acquired by L2 speakers; however, the 
age of acquisition seems to play a more important role 
than the prosodic similarity between languages. 

Previous studies examined participants with various 
background, that is, early (simultaneous, sequential) and 
•4 Journal of Speech, Language, and Hearing Research 1–20
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late bilinguals; it is evident that bilingual speakers exhibit 
different prosodic patterns in their L2 production. Depend-
ing on the age of acquisition and daily L2 input, L2 pro-
sodic focus marking can be, at least partially, acquired. 
However, to the best of our knowledge, no study has inves-
tigated the production of prosodic focus marking in L2 by 
autistic children. Although atypical prosodic focus marking 
has been observed in the native language of autistic chil-
dren, the questions arise pertaining to the use of prosodic 
focus marking in the L2 or third language production by 
multilingual autistic children and whether their acquisition 
exhibits variations compared to their TD peers. We address 
these questions by investigating the production of English 
prosodic focus marking of CASD and CTD trilingual chil-
dren, and examining the potential differences in this regard 
compared to native English-speaking children. 
The Current Study 

This is the first study to investigate the production 
of English prosodic focus marking by CASD and how 
they differ from their TD peers, that is, the CTD and 
ETD groups. Based on findings from studies comparing 
focus marking between autistic and TD speech (Focus 
Marking by Autistic Individuals section) among monolin-
gual English children, the CASD group is likely to show 
some degree of OFE and/or PFC patterns that are similar 
to those of the ETD group. However, the specific acoustic 
cues that CASD groups employ for focus marking seem 
intricate and remain empirical. While past studies show that 
duration and intensity serve as the primary acoustic corre-
lates of focus marking for L1 Cantonese, L2 English adult 
speakers (Prosodic Focus Marking by Bilingual Speakers 
section), this pattern may differ for autistic children. 

Following previous studies mentioned in Focus and 
its Acoustic Correlates to Prosodic Focus Marking by 
Bilingual Speakers sections, we used the most widely stud-
ied acoustic correlates, that is, mean duration, mean F0, 
F0 range, mean intensity, as well as F0 curves to investi-
gate the prosodic focus marking patterns of three groups. 
To the best of the authors’ knowledge, no studies have 
compared F0 curves between the autistic and TD popula-
tion. However, in general acoustic–phonetic research 
involving TD population, studies (e.g., S. Chen et al., 
2023) have demonstrated that F0 curves potentially pro-
vide more nuanced insights into prosodic focus marking. 
The analysis of F0 curves may offer some new insights on 
the prosodic focus marking strategies used by the three 
groups. Specific research questions are as follows: (a) Do 
the CASD show OFE and PFC patterns in their English 
production and what acoustic cues do they employ? (b) 
How does the CASD group differ from the CTD group in 
terms of OFE and PFC patterns in their English
/21/2024, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



Table 2. Mean and standard deviation of age of acquisition (year) and self-reported language proficiency scores (i.e., reading, writing, listen-
ing, and speaking) of the Cantonese-speaking autistic children (CASD) and Cantonese-speaking TD children (CTD) groups. 

CASD group CTD group 

English Mandarin English Mandarin 

Age of acquisition 3 ± 0.4 4.4 ± 1.5 3.1 ± 1.7 3.3 ± 1.6 

Reading 3.25 ± 0.81 2.88 ± 1.22 3.56 ± 0.82 3.63 ± 0.75 

Writing 2.81 ± 0.89 2.68 ± 1.04 3.31 ± 0.82 3.19 ± 1.03 

Listening 3.56 ± 0.41 3.25 ± 0.98 3.88 ± 0.41 3.82 ± 0.75 

Speaking 2.94 ± 1.41 2.56 ± 1.17 3.43 ± 0.89 3.56 ± 1.21 

Note. The language proficiency scores range from 1 to 5 (5 indicates the highest proficiency and 1 indicates the lowest). 
production? (c) How do the trilingual Cantonese-speaking 
(both the autistic and TD group) children differ from the 
ETD group in terms of OFE and PFC patterns? 
Table 3. Mean and standard deviation of age, IQ, autism spectrum 
quotient (AQ), and Comprehensive Assessment of Spoken Lan-
guage (CASL) scores of participants. 

CASD (12 boys, 
4 girls) 

CTD (12 boys, 
4 girls) 

ETD (12 boys, 
4 girls) 

Age 9.6 ± 1.1 9.7 ± 1.5 9.8 ± 1.8 
Method 

Participants 

Forty-eight participants were recruited in the current 
study with 16 speakers for each of the three groups, that is, 
groups of CASD (Mage = 9.6 years old),  CTD (Mage = 
9.7 years old), and ETD (Mage = 9.9 years old). Participants 
of the Cantonese-speaking groups were recruited from local 
Hong Kong primary schools and the Speech Therapy Unit at 
the Department of Chinese and Bilingual Studies at the Hong 
Kong Polytechnic University. The CASD group received for-
mal diagnosis of ASD from developmental–behavioral pediat-
ric centers or hospitals in Hong Kong. The English-speaking 
children who participated as the control group of native 
speakers were from South Carolina in the United States. The 
CASD group started learning English and Mandarin at 
around 3 and 4.4 years old, and the CTD group started at 
around 3.1 and 3.3 years old. Table 2 shows the mean and 
standard deviation of the age of acquisition and self-reported 
language proficiency scores (i.e., reading, writing, listening, 
and speaking) of Mandarin and English. The language profi-
ciency scores ranged from 1 to 5, with 5 indicating the highest 
proficiency level and 1 indicating the lowest. In addition, the 
nonverbal IQ and English proficiency of all participants were 
tested using Raven’s Progressive Matrices (Raven, 1989) and 
Comprehensive Assessment of Spoken Language (Carrow-
Woolfolk, 1999), respectively. Table 3 gives test scores, age, 
and gender along with the Autism Spectrum Quotient 
(Children’s Version; Auyeung et al., 2008) scores. Participants 
were matched in terms of linguistic background, age, and gen-
der; however, the IQ and language scores1 were not matched 
1 A two-tailed  t test was conducted, revealing no significant difference 
in English reading (p = .25), writing (p = .12), listening (p = .09), and 
speaking (p = .15) scores between the Cantonese-speaking autistic chil-
dren (CASD) and Cantonese-speaking TD children (CTD) groups. 
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as it might led to biased sample collection for the autistic 
group (Dennis et al., 2009). 
Stimuli 

Fifteen target sentences paired with 15 pictures were 
designed for the production test, and each of them 
described an ongoing action involving a subject, a verb, 
and an object. A set of prompt questions were designed to 
elicit desired focus type (i.e., broad, narrow, and contras-
tive focus) in subject, verb, and object position from the 
participants resulting in seven conditions (see Table 4). 
Under narrow and contrastive focus conditions, words 
before and after the on-focus words were categorized into 
pre- and post-focus, respectively. Target sentences were 
grouped into five blocks, and each block contained three 
target sentences. All the stimuli were presented randomly 
to each participant with randomized blocks. In total, 210 
stimuli (15 target sentences × 7 conditions × 2 repetitions) 
were collected from each participant, and the experiment 
was programmed in E-prime 2.0 (Schneider et al., 2002). 
Procedure 

Cantonese participants were invited to the Speech 
and Language Sciences Laboratory in the Hong Kong 
Polytechnic University for the production test in a
IQ 101.6 ± 8.6 101.5 ± 14.8 108.9 ± 11.6 

AQ 84.9 ± 7.5 65.78 ± 9.1 55 ± 17.0 

CASL 63.4 ± 15.2 84.9 ± 5.9 109.4 ± 15.7 

Note. CASD = Cantonese-speaking autistic children; CTD = 
Cantonese-speaking TD children; ETD = English-speaking TD 
children.

Wang et al.: English Prosody of Trilingual Autistic Children 5
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Table 4. Examples of prompt questions and target sentences in relation to different focus conditions. 

Focus condition Prompt questions Target sentence 

a. Broad What do you see in the picture? Amy is kissing the doll. 
b. 1) Initial narrow Who is kissing the doll? Amy is kissing the doll. 

b. 2) Medial narrow What is Amy doing to the doll? Amy is kissing the doll. 
b. 3) Final narrow What is Amy kissing? Amy is kissing the doll. 
c. 1) Initial contrastive Lily is kissing the doll? Amy is kissing the doll. 
c. 2) Medial contrastive Amy is hugging the doll? Amy is kissing the doll. 

c. 3) Final contrastive Amy is kissing the lady? Amy is kissing the doll. 
soundproof booth. Audio Technica AT2035 condenser 
microphone and Steinberg UR22mkII USB Audio Inter-
face were used to record participants’ speech production 
with a sampling rate of 44100 Hz in Audacity (Audacity 
Team, 2021). English participants carried out the produc-
tion test in a quiet room, and the whole procedure was 
audio-recorded locally with the same settings in Audacity 
(Audacity Team, 2021). All participants were compensated 
for their participation and signed consent forms in compli-
ance with a protocol approved by the Human Subjects Ethics 
Sub-Committee at The Hong Kong Polytechnic University.

There were practice and test sessions before the real 
experiment for each block. During the practice, partici-
pants were instructed to familiarize themselves with all the 
questions and target sentences as well as character names 
and actions associated with the pictures. During the exper-
iment, prompt questions were asked by professional 
speech therapists (STs) playing a game called “Under the 
shape” (A. Chen, 2011) with the participants. In each 
trial, participants were required to answer questions based 
on pairs of pictures presented on a computer screen. For 
example, Figure 1 (left panel) was first given to a partici-
pant with ST asking, “Who is kissing the doll?”; then, the 
complete picture (see Figure 1, right panel) was shown to 
•

Figure 1. An example of a pair of pictures used in the production 
test. In a trial eliciting narrow focus, the picture on the left with the 
gray area blocking the missing part was first shown to a partici-
pant while the speech therapist asked, “Who is kissing the doll?”; 
then, the picture on the right removing the gray area was shown 
to the participant, and they were expected to answer, “Amy is kis-
sing the doll.” 

6 Journal of Speech, Language, and Hearing Research 1–20
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the participants, and the participant was expected to 
answer, “Amy is kissing the doll,” with narrow focus on 
the initial subject “Amy.” The same stimuli were used for 
Cantonese- and English-speaking children. All target sen-
tences were arranged into five blocks, and three sentences 
were tested in each block. All the stimuli were shown ran-
domly to each participant following a randomized block 
order. See Appendix A for a full list of stimuli. 

Segmentation and Feature Extraction 

Speech elicitation tasks were recorded, and target sen-
tences were manually segmented into words and syllables in 
Praat (Boersma & Weenink, 2023) following the segmenta-
tion criteria in the work of Turk et al. (2012). All the words 
were segmented apart from the auxiliary verb “is” and the 
article “the.” Acoustic measures—that is, word duration, 
mean F0, F0 range, and mean intensity—were extracted 
using a Praat script (ProsodyPro; Xu, 2013) where the F0 
was extracted using the autocorrelation method (Boersma, 
1993). In addition, the maximum and minimum F0 values 
of each target word were extracted for the calculation of 
F0 range. Furthermore,  F0 measurements were taken from 
20 time points over the voiced portion of the target words 
with equal intervals for curve analyses. 

Statistical Analyses 

Linear mixed-effects models (LMMs) were used for 
word duration, mean F0, F0 range and mean intensity 
analyses, and functional data analysis (FDA; Ramsay 
et al., 2009) was used for F0 curve analyses. In LMM 
analyses, model building started using word duration, 
mean F0, F0 range, or mean intensity as the response vari-
ables with two random effects (i.e., participants and 
words). The explanatory variables, that is, groups (CASD 
group, CTD group, ETD group), focus condition (broad, 
narrow, and contrastive pre-, on-, post-focus), as well as 
the interaction term between group and focus condition 
were added to the model step-by-step followed by likeli-
hood ratio tests to evaluate the significance of each fixed 
effect. The optimal model was selected based on the
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lowest Akaike information criterion (Bates et al., 2015). A 
post hoc comparison was conducted if any significant 
effect was found. The implementation of LMM fitting 
and post hoc comparison were carried out using lmer4 
(Bates et al., 2015) and emmeans (Lenth et al., 2023) in 
R (R Core Team, 2023). 

The FDA (Ramsay et al., 2009) was carried out to 
investigate the difference between F0 curves in relation to 
focus condition, and a similar procedure in the work of S. 
Chen et al. (2017, 2023) was adapted to obtain specific 
regions where the two curves showed significant differ-
ences across the voiced portion of the target syllables. The 
F0 curves were fitted using the following equation, 

yi tj
（ ） = fi tj

（ ）+ εij , (1) 

where yi (tj) denotes the F0 values at tj in the curve i, i = 
1,. . ., n and j = 1,. . ., m.; ∈ij denotes the error term follow-
ing a normal distribution N (0, σ2 ). 

A model was fit for each pair of F0 curves in rela-
tion to groups (i.e., CASD, CTD, ETD) and focus condi-
tions (i.e., broad, narrow, and contrastive pre-, on-, and 
post-focus). Then, functional t tests were carried out to 
test regions where two F0 curves show significant differ-
ences. For each group, the F0 curve under broad focus 
condition was compared to those under narrow and con-
trastive pre-, on-, and post-focus conditions. For each 
comparison, 200 random sampling was conducted, and 
the observed t statistic was compared with the maximum 
0.05 critical value. Statistical significance was reached 
when the observed t statistics were larger than the maxi-
mum critical value. We adjusted the significance level 
based on the Bonferroni correction to reduce the potential 
risk of significance inflation due to multiple comparisons 
(S. Chen et al., 2017; Xu & Xu, 2005), and the maximum 
critical value was calculated based on the corrected alpha 
value. The R package fda (Version 6.0.5) was used for 
the FDA of F0 curves (Ramsay et al., 2009, 2022). 
Figure 2. Predicted mean duration (black dots) with 95% confidence inte
speaking autistic children; CTD = Cantonese-speaking TD children; ETD =
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Results 

Figures 2–5 give the results of LMM analyses of 
mean duration, mean F0, F0 range, and mean intensity, 
respectively. The black dots are the predicted mean value 
under each focus conditions, and the horizontal whiskers indi-
cate the 95% confidence intervals. Red dashed lines represent 
the estimated mean value under the broad focus condition. 

Word Duration 

The optimal LMM model indicated that group alone 
was not a significant predictor for duration, but the inclu-
sion of focus condition (χ2 = 403.54,  df = 6,  p < .0001)  and  
the two-way interaction between group and focus condition 
(χ2 = 474.91,  df = 12,  p < .0001) significantly improved the 
model fitting. Overall, Figure 2 shows that the CASD 
group consistently has longer mean word duration than 
their TD peers across focus conditions. A post hoc compar-
ison showed that the CASD group produced narrow on-
focus (p = .05) and post-focus (p = .01) words as well as 
contrastive post-focus (p = .001) words significantly longer 
than those produced by CTD group. 

Within each group, the CASD and CTD groups 
showed some patterns of PFC (i.e., mean duration of nar-
row and contrastive post-focus words is shorter than that 
of broad focus words; black dots on the far left of the red 
dashed line), while the ETD group yielded patterns of 
OFE (i.e., mean duration of on-focus words is longer than 
that of the broad focus words; black dots on the far right 
of the red dashed line). In terms of statistical significance, 
the CASD group had narrow post-focus words signifi-
cantly shorter than broad focus words (p < .0001), and 
the CTD group produced both narrow and contrastive 
post-focus words significantly shorter than broad focus 
words (ps < .0001). For the ETD group, contrastive on-
focus words had significantly longer duration than broad 
focus words (p < .0001; see Table 5).
rval across focus conditions of three groups. CASD = Cantonese-
 English-speaking TD children. 
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Figure 3. Predicted mean F0 (black dots) with 95% confidence interval across focus conditions of three groups. CASD = Cantonese-
speaking autistic children; CTD = Cantonese-speaking TD children; ETD = English-speaking TD children; F0 = fundamental frequency. 
Mean F0 

For the mean F0, the optimal LMM showed that that 
the inclusion of group (χ2 = 7.24, df = 2,  p = .027), focus 
condition (χ2 = 6889.90, df = 6,  p < .0001), and the interac-
tion between group and focus condition (χ2 = 111.59, df = 
12, p < .0001) significantly improved the model fit. Figure 
3 shows that the CASD group has higher mean F0 than 
their TD peers across matching focus conditions; however, 
a significant difference was only reached between the 
CASD and ETD groups (p < .05). For OFE and PFC pat-
terns, all groups showed some degree of PFC where the 
narrow post and contrastive post words had significantly 
lower mean F0 than that of the broad focus words (i.e., 
black dots of post-focus condition are on the left of the red 
dashed lines). However, only the ETD group showed some 
degree of OFE by producing significant and marginally sig-
nificant higher mean F0 for narrow and contrastive on-
focus words (i.e., black dots are on the right of the red 
dashed line) than those of broad focus words (see Table 6). 

F0 Range 

For F0 range, the optimal LMM indicated that group 
alone did not significantly improve the model fit, but the 
•

Figure 4. Predicted mean fundamental frequency (F0) range (black dot
groups. CASD = Cantonese-speaking autistic children; CTD = Cantonese
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inclusion of focus condition (χ2 = 78.52, df = 6,  p < .0001) 
as well as the interaction between group and focus condi-
tion (χ2 = 192.16, df = 12,  p < .0001) significantly improved 
the model fit. Figure 4 indicates that the CASD group gen-
erally has wider F0 range than the CTD and ETD groups 
across matching focus conditions. However, significant dif-
ferences were only observed in post-focus locations, but not 
in on-focus locations. Specifically, the CASD group exhib-
ited significantly wider F0 range than the CTD group for 
words under narrow post-focus (p = .04) and contrastive 
post-focus (p = .04) conditions. 

Within each group, both the CASD and ETD groups 
produced on-focus words with wider F0 range than broad 
focus words (i.e., patterns similar to OFE; black dots are on 
the right of the red dashed lines); however, those differences 
did not reach statistical significance. Surprisingly, the ETD 
group exhibited a wider F0 range for post-focus words (i.e., 
black dots are on the right of the red dashed line), particularly 
for contrastive post-focus words where the range was signifi-
cantly wider than broad focus words. The CTD group did not 
have patterns that are similar to OFE. However, the CTD 
group showed patterns of PFC where the narrow and contras-
tive post-focus words had significantly narrower F0 range than 
those of broad focus words (ps < .0001; see Table 7).
s) with 95% confidence interval across focus conditions of three 
-speaking TD children; ETD = English-speaking TD children. 
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Figure 5. Predicted mean intensity (black dots) with 95% confidence interval across focus conditions of three groups. CASD = Cantonese-
speaking autistic children; CTD = Cantonese-speaking TD children; ETD = English-speaking TD children. 
Intensity 

For mean intensity, the optimal LMM model indi-
cated that the inclusion of group (χ2 = 8.51, df = 2,  p = 
.014), focus condition (χ2 = 328.29, df = 6,  p < .0001), 
and the interaction between group and focus condition 
(χ2 = 239.20, df = 12, p < .0001) significantly improved 
the model fit. Figure 5 suggests that the CASD group gen-
erally has lower mean intensity than their TD peers across 
matching focus conditions; however, a significant differ-
ence was only observed between the CASD group and the 
ETD group (ps < .05), while there was no significant dif-
ference between the CASD group and the CTD group. 

Within each group, the CASD children had some 
patterns of OFE (i.e., black dots of on-focus words are on 
the right of the broad focus words) where they produced 
contrastive on-focus words with significantly higher mean 
intensity than the broad focus words (p = .024). Meanwhile, 
the CTD group exhibited similar patterns to PFC where 
narrow (p < .0001) and contrastive (p < .001) post-focus 
words had significantly lower mean intensity than the 
broad focus words (i.e., black dots of post-focus words 
are on the left of the red dashed line). For the ETD 
group, both OFE and PFC patterns were observed. Spe-
cifically, the ETD children produced contrastive on-focus 
words with significantly higher mean intensity than broad 
Table 5. Post hoc comparisons of mean word duration of three groups in

Duration Cantonese ASD

Broad focus vs. Estimate p Estima

Narrow on −2.2135 1.0000 4.549

Narrow post 19.9200 < .0001 36.729

Contrastive on −7.2097 .7708 −2.422
Contrastive post 10.4450 .1542 38.280

Note. Narrow and contrastive pre-, on-, and post-focus words are com
cate a higher value for broad focus condition. Bold values indicate signi
disorder; CTD = Cantonese-speaking TD children; ETD = English-speakin
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focus words, and narrow and contrastive post-focus words 
with significantly lower mean intensity (see Figure 5 left-
most panel; see Table 8). 
F0 Curves 

Figure 6 shows the mean smoothed F0 curves of 
each group in relation to focus conditions. The gray solid 
lines indicate the F0 curves of words under broad focus, 
and the colored dash lines represent those under narrow 
and contrastive on- and post-focus conditions. Figure 6 
shows that the CASD group had consistently higher F0 
values than their TD peers across the whole syllable with 
matching focus conditions. This is similar to the pattern in 
mean F0 (see Figure 3). Within each group, there is not 
much difference in F0 curves between narrow and contras-
tive focus conditions. In terms of OFE and PFC patterns, 
a visual inspection indicates that the F0 curves under nar-
row and contrastive post-focus conditions are much lower 
than those under broad focus conditions across the whole 
syllable for all three groups, suggesting some degree of 
PFC. However, it seems that there is not much OFE pat-
terns for the three groups; that is, the difference in F0 
curves between on-focus and broad focus conditions is not 
as substantial as that between post-focus and broad focus 
conditions.
 relation to focus conditions. 

CTD ETD 

te p Estimate p 

2 .9966 −5.3990 .9808 

0 < .0001 9.9735 .2061 

3 1.0000 −16.8100 < .0001 
1 < .0001 9.8033 .2413 

pared with the baseline (i.e., broad focus). Positive estimates indi-
ficance at p < .001, p < .01, and p < .05. ASD = autism spectrum 
g TD children. 
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Table 6. Post hoc comparisons of mean F0 of three groups in relation to focus conditions. 

Mean F0 CASD CTD ETD 

Broad focus vs. Estimate p Estimate p Estimate p 

Narrow on −1.1562 .9990 0.5983 1.0000 −3.4577 .0078 

Narrow post 5.5328 < .0001 11.1107 < .0001 5.8319 < .0001 
Contrastive on −2.6290 .1954 0.8111 1.0000 −2.9993 .0554 
Contrastive post 4.6833 < .0001 9.3469 < .0001 9.0265 < .0001 

Note. Narrow and contrastive pre-, on-, and post-focus words are compared with the baseline (i.e., broad focus). Positive estimates indi-
cate a higher value for broad focus condition. Bold values indicate significance at p < .001, p < .01, and p < .05. F0 = fundamental fre-
quency; CASD = Cantonese-speaking autistic children; CTD = Cantonese-speaking TD children; ETD = English-speaking TD children. 
Figure 7 presents the results of FDAs, and the 
orange color denotes the regions where two F0 curves 
reached significant differences. The x-axis indicates the 
percentage throughout the vocalic portion of the target 
words, and the y-axis gives the focus condition that is 
being compared with the broad focus. Results from FDA 
reassert the PFC patterns in Figure 6, showing that the F0 
curves under narrow and contrastive post-focus conditions 
are significantly different than those under broad focus 
words across the whole syllable for all three groups. 
Meanwhile, only the ETD group showed partially OFE in 
on-focus versus broad focus comparisons; that is, the F0 
curves of words under contrastive on-focus condition and 
broad focus conditions were significantly different from 
26% to 48% of the syllable (see Figure 7). 
Discussion 

Recall that the current study aims to explore three 
research questions. Regarding our first research question, 
whether the CASD group shows OFE and PFC patterns 
in their English productions and what acoustic cues they 
employ, our results show that OFE and PFC are realized 
via different acoustic cues among the CASD group. Spe-
cifically, children in the CASD group showed PFC pat-
terns by reducing mean duration for words under narrow 
post-focus condition and lowering mean F0 and F0 curves 
for words under both narrow and contrastive post-focus 
conditions. Meanwhile, children in the CASD group also 
•

Table 7. Post hoc comparisons of fundamental frequency (F0) range of th

F0 range CASD

Broad focus vs. Estimate p Estima

Narrow on −1.1858 .9968 0.288

Narrow post −0.0261 1.0000 4.829

Contrastive on −1.6441 .8934 −1.062
Contrastive post −0.3348 1.0000 4.633

Note. Narrow and contrastive pre-, on-, and post-focus words are com
cate a higher value for broad focus condition. Bold values indicate signific
CASD = Cantonese-speaking autistic children; CTD = Cantonese-speaking

10 Journal of Speech, Language, and Hearing Research 1–20

Downloaded from: https://pubs.asha.org Hong Kong Polytechnic University on 02
exhibited some patterns of OFE by increasing mean inten-
sity for words under contrastive on-focus condition. Since 
duration and intensity are the main acoustic cues of pro-
sodic focus marking in Cantonese (Wu & Xu, 2010), the 
use of duration and intensity for marking OFE and PFC 
seems to be a positive L1 transfer. Regarding the use of 
F0 as an indicator for OFE in Cantonese, Wu and Xu 
(2010) and Fung and Mok (2014) both reported the incon-
sistent use of mean F0 and F0 range to mark OFE; that 
is, on-focus words had significantly higher mean F0 than 
broad focus words depending on the lexical tone and loca-
tion of the on-focus words, for example, T3 at sentence 
medial location and T4 at sentence final location. As for 
PFC, both studies reported that F0 was not an acoustic 
cue to mark PFC suggesting that PFC does not exist in 
Cantonese. Given these inconsistent patterns reported 
from previous studies, our findings could lead to a differ-
ent interpretation; that is, the use of mean F0 as an indi-
cator of PFC among the CASD group could be the suc-
cessful acquisition of a new feature in prosodic focus 
marking in their English production. 

For the second research question, that is, “How 
does the CASD group differ from the CTD group in 
terms of OFE and PFC patterns in their English produc-
tion?”, our results reveal that the CTD group exhibited a 
slightly more completed profile in utilizing PFC. Specifi-
cally, the CTD group showed PFC patterns by reducing 
mean duration, narrowing F0 range, and lowering mean 
F0, F0 curves, and mean intensity for words under both 
narrow and contrastive post-focus conditions, while the
ree groups in relation to focus conditions. 

CTD ETD 

te p Estimate p 

7 1.0000 −1.8562 .7354 

1 < .0001 −2.4548 .2658 

2 .9986 −2.6837 .0977 

1 < .0001 −3.8859 .0006 

pared with the baseline (i.e., broad focus). Positive estimates indi-
ance at p < .001,  p < .01,  and  p < .05. F0 = fundamental frequency; 
 TD children; ETD = English-speaking TD children. 
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Table 8. Post hoc comparisons of mean intensity of three groups in relation to focus conditions. 

Mean intensity CASD CTD ETD 

Broad focus vs. Estimate p Estimate p Estimate p 

Narrow on −0.5098 .0615 −0.1058 1.0000 −0.3750 .5219 

Narrow post −0.0205 1.0000 0.8439 < .0001 1.1751 < .0001 
Contrastive on −0.5497 .0237 −0.4043 .3107 −0.5555 .0174 
Contrastive post −0.0779 1.0000 0.6160 .0030 1.7161 < .0001 

Note. Narrow and contrastive pre-, on-, and post-focus words are compared with the baseline (i.e., broad focus). Positive estimates indi-
cate a higher value for broad focus condition. Bold values indicate significance at p < .001, p < .01, and  p < .05. CASD = Cantonese-speaking 
autistic children; CTD = Cantonese-speaking TD children; ETD = English-speaking TD children. 
CASD group only shortened mean duration for words 
under narrow post-focus conditions and had no significant 
difference in F0 range across focus conditions. However, 
the CTD group did not show any patterns of OFE. 
Although there are some discrepancies in the production 
of English prosodic focus marking between the CASD 
and CTD groups, they both utilized word duration and 
mean F0 to mark PFC. This is partially similar to findings 
among monolingual English autistic and TD children 
(Nadig & Shaw, 2015; Paul et al., 2008), where both the 
autistic and TD children produced significantly longer 
duration for on-focus words than the post-focus words. 
Meanwhile, the CASD and CTD groups seem to share 
similar above-mentioned acquisition patterns, that is, posi-
tive L1 transfer in the use of duration and intensity and 
potentially successful acquisition in the use of F0 for pro-
sodic focus marking. The acquisition in using F0 to mark 
focus also supports the findings in Bai–Mandarin bilingual 
children (Z. Liu et al., 2016) that the use of acoustic cues 
to mark focus in L2 can be, at least partially, acquired. 
Although the acoustic cues used for OFE and PFC among 
CASD and CTD children differ from L1 Cantonese, L2 
Figure 6. Smoothed fundamental frequency (F0) curve plots in relation to
groups and different colors account for focus conditions. CASD = Canton
dren; ETD = English-speaking TD children. 
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English adult speakers (Fung & Mok, 2014; Wu & Chung, 
2011), the discrepancies are likely due to the different age 
of acquisition of the participants, sample size, methods 
used for speech elicitation, as well as variability in individ-
uals with autism. 

With regard to the third research question, that is, 
“How do the CASD and CTD children differ from the 
native ETD children in terms of OFE and PFC pat-
terns?”, our findings show that the ETD children mostly 
differ from the CASD and CTD children in the use of 
OFE. Specifically, the ETD group has marked OFE by 
increasing mean duration, mean F0, mean intensity, and 
F0 curve for words under on-focus conditions, whereas 
the CTD group did not show much of OFE patterns in 
terms of these acoustic cues and the CASD group only 
used intensity to mark OFE under contrastive on-focus 
condition. Among the ETD children, mean F0 was the 
only acoustic cue for signaling OFE under both contras-
tive and narrow on-focus conditions. For other acoustic 
cues, that is, duration and intensity, OFE was only real-
ized under contrastive on-focus conditions. Furthermore,
 groups and focus conditions. The strip texts on top indicate three 
ese-speaking autistic children; CTD = Cantonese-speaking TD chil-
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Figure 7. Significance regions based on results from functional t tests when broad focus is compared to narrow and contrastive on-focus 
and post-focus words. Orange fill denotes regions where a significant difference is reached (see Appendix B for statistics). CASD = 
Cantonese-speaking autistic children; CTD = Cantonese-speaking TD children; ETD = English-speaking TD children; F0 = fundamental 
frequency. 

2 The raw acoustic differences between narrow and contrastive focus 
are subtle across all focus types (i.e., pre-focus, on-focus, post-focus) 
and three groups (i.e., CASD, CTD, and English-speaking TD 
[ETD]), and the only significant difference was observed in mean 
duration between narrow on-focus and contrastive on-focus condi-
tions for the ETD group. Detailed statistics are given in Appendix C, 
Tables C1–C3.
the F0 curve under contrastive on-focus conditions was 
significantly different from the one under broad focus con-
dition from 26% to 48% of the syllable. This partial com-
petence of utilizing prosodic focus marking among the 
ETD children suggest some degree of immaturity in lan-
guage processing, for example, children start to exhibit 
brain responses (i.e., focus positive shift) to narrow and 
contrastive focus that are similar to adults at 12 years old 
(Pannekamp et al., 2011). 

It is worth noting that the Cantonese-speaking (i.e., 
CASD and CTD) and English-speaking (i.e., ETD) chil-
dren mainly differ in the use of OFE, not PFC, which 
indicates that Cantonese-speaking children might acquire 
PFC prior to OFE in their L2 English production. This is 
especially true for patterns observed in F0 curves; that is, 
all groups showed patterns of PFC while only the ETD 
children showed limited degree of OFE for words under 
contrastive on-focus conditions. This pattern regarding the 
acquisition of L2 English prosodic focus marking is differ-
ent from findings reported in previous studies (e.g., J. Liu 
et al., 2019), where OFE is acquired prior to PFC. The 
observed differences in our study compared to J. Liu et al. 
(2019) could be attributed to the difference in age of L2 
acquisition between our study (3–4 years old) and J. Liu 
et al. (not reported). However, future research should 
explore how differing L2 acquisition ages influence the 
•12 Journal of Speech, Language, and Hearing Research 1–20
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sequence of acquiring focus marking patterns, for exam-
ple, OFE and PFC. 

It was noticed that all three groups of children 
showed asymmetric patterns in realizing OFE and PFC in 
relation to narrow and contrastive conditions; that is, 
OFE and PFC patterns were realized under both narrow 
and contrastive conditions for some acoustic cues, but not 
for the others.2 This asymmetric pattern is likely due to 
the fact that the prosodic profile of these children is still 
under development. Previous studies (e.g., Armstrong 
et al., 2018; Hübscher et al., 2019, 2020) reported that the 
use of prosody relating to various aspects (e.g., pragmatic) 
of verbal communication undergoes development during 
preschool years (3–5 years old), and the skills in using 
prosodic focus marking are language dependent (A. Chen, 
2018). For example, Dutch-speaking children show adult-
like focus marking patterns at around 10–11 years old 
(Romoren, 2016), while Korean-speaking children have
/21/2024, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



adultlike focus marking patterns at around 4–5 years old 
(Yang, 2017).

Overall, our findings suggest that the CTD children 
utilized more acoustic cues than the CASD group when it 
comes to PFC, while the ETD group differed from both 
the CASD and CTD groups in the use of OFE. However, 
this does not suggest the degree of prosody maturity of 
each group given the multifaceted nature in the acquisi-
tion of prosody. When faced with perceiving information 
in a sentence, there are multiple layers of decoding 
involved. This encompasses not only the segmentation of 
the sound stream and its association with meaningful lin-
guistic units within the sentence context but also the inter-
pretation of the relative pitch height across the sentence 
(also shown in previous behavioral and neural studies, 
e.g., L. Lee & Nusbaum, 1993; Tong et al., 2014; Wang 
et al., 2015). Taking one of the stimuli as an example, 
consider the response, “John is flying the plane,” to the 
questions, “Who is flying the plane?” (Q1) and “What do 
you see in the picture?” (Q2). For both questions, children 
need to determine how to utilize different acoustic cues 
(e.g., duration, F0) for words under different focus condi-
tions (e.g., on-focus words vs. post-focus words), and mis-
aligning the acoustic cues with the on-focus and post-
focus words is likely to lead to miscommunication. The 
current study mainly focused on the production of speech 
prosody, and future research is needed to incorporate pro-
duction and perception within the context of language and 
prosody acquisition, encompassing both multilingual autis-
tic and TD populations. 
Conclusions 

The current study investigated the production of 
English prosodic focus marking patterns (i.e., OFE and 
PFC) among trilingual CASD children and compared 
their production with trilingual CTD children and native 
ETD children. This is the first study that attempts to 
reveal prosodic focus marking patterns among trilingual 
autistic children. By comparing the production between 
the CASD and CTD groups, our findings show similari-
ties with previous studies using monolingual autistic 
English children; that is, the autistic and TD children both 
used mean duration and mean F0 for marking focus. 
However, our findings also show some discrepancies from 
previous studies in terms of the acquisition order of pro-
sodic focus marking. Previous studies showed that PFC is 
acquired after OFE, whereas the opposite order is found 
in our study. Apart from using static acoustic correlates 
(i.e., mean duration, F0, F0 range, and intensity), we 
adapted a novel method using FDA comparing the F0 
curves in relation to focus conditions, and the results 
Downloaded from: https://pubs.asha.org Hong Kong Polytechnic University on 02
further support our findings of the acquisition of prosodic 
focus marking, that is, all groups showed PFC patterns 
under both contrastive and narrow post-focus conditions, 
while only the ETD group exhibited a limited degree of 
OFE for words under contrastive on-focus conditions. 
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(table continues)

•

Appendix A (p. 1 of 3) 

Full List of Precursor Questions and Target Sentences in Relation to Focus Type 

Focus type Precursor questions Target sentences 

Broad What do you see in the picture? John is flying the plane. 
Narrow initial Who is flying the plane? John is flying the plane. 

Narrow medial What is John doing to the plane? John is flying the plane. 

Narrow final What is John flying? John is flying the plane. 

Contrastive initial Lucas is flying the plane? John is flying the plane. 

Contrastive medial John is buying the plane? John is flying the plane. 

Contrastive final John is flying the flag? John is flying the plane. 

Broad What do you see in the picture? Jane is patting the dog. 

Narrow initial Who is patting the dog? Jane is patting the dog. 

Narrow medial What is Jane doing to the dog? Jane is patting the dog. 

Narrow final What is Jane patting? Jane is patting the dog. 

Contrastive initial Nancy is patting the dog? Jane is patting the dog. 

Contrastive medial Jane is walking the dog? Jane is patting the dog. 

Contrastive final Jane is patting the cat? Jane is patting the dog. 

Broad What do you see in the picture? Amy is kissing the doll. 
Narrow initial Who is kissing the doll? Amy is kissing the doll. 

Narrow medial What is Amy doing to the doll? Amy is kissing the doll. 

Narrow final What is Amy kissing? Amy is kissing the doll. 

Contrastive initial Lily is kissing the doll? Amy is kissing the doll. 

Contrastive medial Amy is hugging the doll? Amy is kissing the doll. 

Contrastive final Amy is kissing the lady? Amy is kissing the doll. 

Broad What do you see in the picture? Helen is helping the blind. 
Narrow initial Who is helping the blind? Helen is helping the blind. 

Narrow medial What is Helen doing to the blind? Helen is helping the blind. 

Narrow final Who is Helen helping? Helen is helping the blind. 

Contrastive initial Sally is helping the blind? Helen is helping the blind. 

Contrastive medial Helen is pushing the blind? Helen is helping the blind. 

Contrastive final Helen is helping the woman? Helen is helping the blind. 

Broad What do you see in the picture? Eve is buying the ring. 
Narrow initial Who is buying the ring? Eve is buying the ring. 

Narrow medial What is Eve doing to the ring? Eve is buying the ring. 

Narrow final What is Eve buying? Eve is buying the ring. 

Contrastive initial Mary is buying the ring? Eve is buying the ring. 

Contrastive medial Eve is wearing the ring? Eve is buying the ring. 

Contrastive final Eve is buying the toy? Eve is buying the ring. 

Broad What do you see in the picture? Bob is drawing the moon. 

Narrow initial Who is drawing the moon? Bob is drawing the moon. 

Narrow medial What is Bob doing to the moon? Bob is drawing the moon. 

Narrow final What is Bob drawing? Bob is drawing the moon. 

Contrastive initial James is drawing the moon? Bob is drawing the moon. 

Contrastive medial Bob is observing the moon? Bob is drawing the moon. 

Contrastive final Bob is drawing the sun? Bob is drawing the moon. 

Broad What do you see in the picture? Jenny is cleaning the bag. 
Narrow initial Who is cleaning the bag? Jenny is cleaning the bag. 

Narrow medial What is Jenny doing to the bag? Jenny is cleaning the bag. 

Narrow final What is Jenny cleaning? Jenny is cleaning the bag. 

Contrastive initial Lucy is cleaning the bag? Jenny is cleaning the bag. 

Contrastive medial Jenny is painting the bag? Jenny is cleaning the bag. 

Contrastive final Jenny is cleaning the desk? Jenny is cleaning the bag.

16 Journal of Speech, Language, and Hearing Research 1–20

Downloaded from: https://pubs.asha.org Hong Kong Polytechnic University on 02/21/2024, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



(table continues)

Appendix A (p. 2 of 3)

Full List of Precursor Questions and Target Sentences in Relation to Focus Type

Focus type Precursor questions Target sentences

Broad What do you see in the picture? Kate is holding the book. 
Narrow initial Who is holding the book? Kate is holding the book. 

Narrow medial What is Kate doing to the book? Kate is holding the book. 

Narrow final What is Kate holding? Kate is holding the book. 

Contrastive initial Emma is holding the book? Kate is holding the book. 

Contrastive medial Kate is opening the book? Kate is holding the book. 

Contrastive final Kate is holding the box? Kate is holding the book. 

Broad What do you see in the picture? Dave is washing the apple. 

Narrow initial Who is washing the apple? Dave is washing the apple. 

Narrow medial What is Dave doing to the apple? Dave is washing the apple. 

Narrow final What is Dave washing? Dave is washing the apple. 

Contrastive initial Ryan is washing the apple? Dave is washing the apple. 

Contrastive medial Dave is eating the apple? Dave is washing the apple. 

Contrastive final Dave is washing the orange? Dave is washing the apple. 

Broad What do you see in the picture? Luke is making the cake. 
Narrow initial Who is making the cake? Luke is making the cake. 

Narrow medial What is Luke doing to the cake? Luke is making the cake. 

Narrow final What is Luke making? Luke is making the cake. 

Contrastive initial Andy is making the cake? Luke is making the cake. 

Contrastive medial Luke is buying the cake? Luke is making the cake. 

Contrastive final Luke is making the cookie? Luke is making the cake. 

Broad What do you see in the picture? Grace is feeding the kid. 
Narrow initial Who is feeding the kid? Grace is feeding the kid. 

Narrow medial What is Grace doing to the kid? Grace is feeding the kid. 

Narrow final Who is Grace feeding? Grace is feeding the kid. 

Contrastive initial Alice is feeding the kid? Grace is feeding the kid. 

Contrastive medial Grace is teasing the kid? Grace is feeding the kid. 

Contrastive final Grace is feeding the bird? Grace is feeding the kid. 

Broad What do you see in the picture? Rose is praising the girl. 
Narrow initial Who is praising the girl? Rose is praising the girl. 

Narrow medial What is Rose doing to the girl? Rose is praising the girl. 

Narrow final Who is Rose praising? Rose is praising the girl. 

Contrastive initial Emily is praising the girl? Rose is praising the girl. 

Contrastive medial Rose is ignoring the girl? Rose is praising the girl. 

Contrastive final Rose is praising the boy? Rose is praising the girl. 

Broad What do you see in the picture? Tom is building the castle. 
Narrow initial Who is building the castle? Tom is building the castle. 

Narrow medial What is Tom doing to the castle? Tom is building the castle. 

Narrow final What is Tom building? Tom is building the castle. 

Contrastive initial Peter is building the castle? Tom is building the castle. 

Contrastive medial Tom is painting the castle? Tom is building the castle. 

Contrastive final Tom is building the bridge? Tom is building the castle. 

Broad What do you see in the picture? Jack is throwing the ball. 

Narrow initial Who is throwing the ball? Jack is throwing the ball. 

Narrow medial What is Jack doing to the ball? Jack is throwing the ball. 

Narrow final What is Jack throwing? Jack is throwing the ball. 

Contrastive initial Tony is throwing the ball? Jack is throwing the ball. 

Contrastive medial Jack is carrying the ball? Jack is throwing the ball. 

Contrastive final Jack is throwing the bag? Jack is throwing the ball.
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Appendix A (p. 3 of 3)

Full List of Precursor Questions and Target Sentences in Relation to Focus Type

•

Focus type Precursor questions Target sentences

Broad What do you see in the picture? Anne is cutting the bread. 
Narrow initial Who is cutting the bread? Anne is cutting the bread. 

Narrow medial What is Anne doing to the bread? Anne is cutting the bread. 

Narrow final What is Anne cutting? Anne is cutting the bread. 

Contrastive initial Linda is cutting the bread? Anne is cutting the bread. 

Contrastive medial Anne is baking the bread? Anne is cutting the bread. 

Contrastive final Anne is cutting the pizza? Anne is cutting the bread.
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Appendix B 

Significance Region of Functional t Test in the Difference in F0 Curve Between Groups 

Within-group comparison 

Significance region (%) 

CASD CTD ETD 

Narrow pre-focus 2–100 0–100 0–100 

Narrow on-focus 0 0 0 

Narrow post-focus 0–100 0–100 0–100 

Contrastive pre-focus 3–100 0–100 0–100 

Contrastive on-focus 0 0 26–48 

Contrastive post-focus 0–100 0–100 0–100
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•

Appendix C 

Statistics of Linear Mixed-Effects Model Analyses on Focus Conditions 

Linear mixed-effects model analyses show that the differences between narrow and contrastive focus are subtle across all 
focus types (i.e., pre-focus, on-focus, post-focus) and three groups (i.e., CASD, CTD, and ETD). 

Table C1. 

CASD Mean duration Mean F0 F0 range Mean intensity 

Narrow vs. 
contrastive Estimate p Estimate p Estimate p Estimate p 

Pre-focus −4.21 1.00 0.39 1.00 −0.21 1.00 −0.02 1.00 

On-focus −5.00 .99 −1.47 .98 −0.46 1.00 −0.04 1.00 

Post-focus −9.47 .31 −0.85 1.00 −0.31 1.00 −0.06 1.00 

Note. The only significant difference was observed in mean duration between narrow on-focus and contrastive on-focus 
conditions for the ETD group. CASD = Cantonese-speaking autistic children; F0 = fundamental frequency; ETD = English-
speaking typically developing. 

Table C2. 

CTD Mean duration Mean F0 F0 range Mean intensity 

Narrow vs. 
contrastive Estimate p Estimate p Estimate p Estimate p 

Pre-focus −0.10 1.00 1.78 .81 0.77 1.00 −0.15 1.00 

On-focus −6.97 .76 0.21 1.00 −1.35 0.97 −0.30 .85 

Post-focus 1.55 1.00 −1.76 .87 −0.20 1.00 −0.23 .99 

Note. CTD = Cantonese-speaking typically developing children; F0 = fundamental frequency. 

ETD Mean duration Mean F0 F0 range Mean intensity 

Narrow vs. 
contrastive

Table C3. 

Estimate p Estimate p Estimate p Estimate p 

Pre-focus −10.78 .07 0.96 1.00 −0.54 1.00 0.03 1.00 

On-focus −11.41 .04 0.46 1.00 −0.83 1.00 −0.18 1.00 

Post-focus −0.17 1.00 3.19 .06 −1.43 .99 0.54 .06 

Note. ETD = English-speaking typically developing children; F0 = fundamental frequency.
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