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Abstract

This is a study of early word learning and phonological development in children learning
Mandarin Chinese in Singapore. Previous work has analysed mostly children’s perception
and acquisition of segments and tones in the language. The objective of this thesis is to
study children’s production and examine whether the asymmetry in segmental and tonal
information found in perception tasks may also be apparent in tasks requiring production.
Mandarin-learning children’s speech forms are systematically investigated here by
integrating two strands of research: a naturalistic observational study (N = 4) of the
influences of long(er)-term knowledge on phonological development in Mandarin is
complemented by an experimental study (N = 20) of short-term retrieval and production of
nonword repetition. The thesis is based on the whole-word approach to the study of
children’s lexical development and how it may apply to Mandarin, identifying the use of

phonological templates and how they may be manifested in Mandarin.

Results from both production tasks reveal independence in the developmental trajectory of
segment and tone production. It was not possible to conclusively identify any segmental
templates. However, there was evidence of use of two T1-x tone templates, which suggest
ways in which the whole-word approach might apply here: a salient and well-practiced tone
(T1) since the babbling period provides a ‘tone envelope’ for segments to fill in. The well-
practiced T1-x motoric routines involve lesser cognitive load, allowing attention to be
directed to the (mostly variegated) segmental sequences, so that children may still achieve
relatively good matches to the variegated word structures of Mandarin. Thus, there is an
interchange between segments and tones and perception and production: tone perception
and production begin early but tone production is mastered late, segment perception and

production occur later but segment production is mastered before tone is.
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Chapter 1 — Phonological development

This is a study of early word learning and phonological development in children learning
Mandarin in Singapore. Given that some phonological templates have been found in children
learning Chinese languages, including Cantonese (Mok & Lee, 2018 with 2-year-old
children) and Mandarin (Lou, 2020 with 13- to 18-month-old children), the objective of the
study is to examine if segmental or tonal patterns may be found in the speech of children
aged 20 months and above learning Mandarin in Singapore. Mandarin-learning children’s
speech forms are systematically investigated in two ways: (i) in a naturalistic everyday
setting, from the end of the single word period to the point when they move into
combinatorial speech, to establish the templatic patterns and substitutions of segment and
tone productions, and (ii) in an experimental investigation into how children perform with
regards to segments and tones in Mandarin when faced with stimuli they have never
encountered before. Thus, this thesis integrates two research methodologies: a study of the
influences of long(er)-term knowledge on phonological development in Mandarin is
complemented by a study of the short-term retrieval and production practice involved in

nonword repetition.

In this chapter some theoretical approaches to studying language acquisition are presented
first, before going on to the basic issue of the thesis: the whole-word approach in the study
of children’s speech and how it may apply to Mandarin Chinese. Phonological features
important to Mandarin will be highlighted in this chapter, with fuller discussion reserved for
Chapter 2. An review of the literature on phonological memory follows and the chapter

concludes with the focus of the present study.
1.1 Theoretical approaches to language acquisition

How do children represent the language they learn? What children remember of what they
hear is influenced by their experience of listening to and speaking particular language(s) with
specific features that they need to learn. Exposure to a language entails learning the
particular characteristics of the language, which may include segmental and suprasegmental
information. Segmental information refers to consonants and vowels whereas
suprasegmental features are speech attributes that are not limited to single sounds but
extend over syllables, words or phrases (Crystal, 2008). Such features include intonation,

stress and speech rate (Sereno & Lee, 2015).
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According to Jakobson (1968), there is a universal order to the acquisition of consonants:
consonant types that are least marked, that is, that occur frequently in the world’s
languages, are universally acquired earlier than more marked, less frequently occurring
ones. Thus, vowels, plosives and nasals are presumed to be acquired earlier than fricatives,

affricates and liquids.

Altvater-Mackensen and Fikkert (2015) offer another perspective as to the order of
acquisition of consonants: while principles of markedness (cf. Jakobson, 1968) may be
important, articulatory constraints (cf. McAllister Byun, 2012) or perceptual factors (cf. Davis
& MacNeilage, 1995) might also influence the acquisition patterns of manner of articulation
contrasts. Altvater-Mackensen and Fikkert propose that the distribution of manner of
articulation contrasts is influenced by sonority and the contrasts can be defined in terms of
syllable structure. For example, less sonorant sounds like plosives or fricatives tend to occur
word-initially or in extrasyllabic positions, while more sonorant sounds like nasals or liquids
tend to occur word-medially. Since sounds at the beginning of the word generally tend to be
more salient to children than those in other parts of the word, plosives or fricatives may thus
also be acquired earlier than nasals and liquids as a result. The evidence from babbling
concurs with this order: plosives also occur more frequently in babbling than nasals
(Gildersleeve-Neumann et al., 2000; Locke, 1983; Vihman et al., 1986).

However, researchers soon found reason to dispute the universal order hypothesis, based
on evidence that language characteristics also make a difference in the types of consonants
that are acquired first. Studies of child production across different languages have revealed
differences in the consonants that children produce first (see Vihman, 2019), depending on
the language-specific frequency of occurrence. Children learning English, French and
Swedish have been found to produce plosives earlier and more often than fricatives and
affricates (classed together in this thesis as ‘fricatives’), which appear less often and at a
later age (cf. Locke, 1983; Vihman et al., 1994). However, Pye et al. (1987) report earlier
acquisition of /tf/ in children learning K’iché, despite its low occurrence in the world’s
languages and its articulatory complexity. A similar story emerged from a comparison study
of children learning Xhosa or English: Mowrer and Burger (1991) found that Xhosa-learning
children aged between 2 and 6 produced /ts/ and /tf/ earlier than their English-learning
counterparts. Frequency of occurrence of sounds in a language is thus an important factor to
consider. Given that fricatives make up almost half of the consonants that can appear word-
initially in Mandarin, fricatives may be acquired earlier than would be predicted by the
universal order hypothesis, just like in K’'iché and Xhosa. This will be discussed further in
Chapter 2.
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Meanwhile, work that has emerged since Jakobson has tended less towards universal
characteristics and more towards the bottom-up approach of examining overall patterns from
children’s actual speech data (e.g., Bybee, 2008; Edwards et al., 2011; Pierrehumbert,
2003). From this perspective, every instance of a word that children are exposed to in the
language may be learnt as individual lexical items of the same word, known as exemplars.
Exemplar models of phonology build on the understanding that the phonological system
‘appears to be initiated bottom-up from surface statistics over the speech stream, but refined
using type statistics over the lexicon’ (Pierrehumbert, 2003, p. 118; also see commentary by
Demuth & Johnson, 2020, on learning abstractions from exemplars). This means that a
child’s phonological system is built up from generalising the patterns from individual
instances of lexical items. This would also tie in better with the fact that the patterns that may
be observed from children’s speech are dependent on the language(s) learnt and the

frequency of occurrence of sounds in those language(s).

1.2 Whole-word approach in child phonology

A model that integrates the above perspectives on how children may represent information
in their speech is the whole-word approach (see Vihman & Keren-Portnoy, 2013). The key
idea is that children do not learn individual sounds; they learn word forms, from which they
abstract sound categories (Vihman, 2017), echoing the above-mentioned exemplar models

on generalising patterns from children’s data.

The whole-word approach stems from work in the 1970s on children’s first word production,
which found that the child forms were ‘holistic’ and matched the overall shape of the word
better than the individual segments (e.g., Ferguson & Farwell, 1975, Macken, 1979;
Waterson, 1971). Menn (1983) offered two options for achieving relative accuracy: children
(i) avoid difficult forms (e.g., understanding b-initial words but not attempting them at all, cf.
Menn, 1976; Schwartz & Leonard, 1982) or (ii) choose to produce their ‘favourite’ sounds
(e.g., actively producing words with fricatives and affricates, cf. Farwell, 1976). These
researchers also found that the shape of one part of the word was dependent on another
part of the word. This suggests that children are selecting and trying to reproduce the key
elements of what they hear in the input. For example, work with a diverse range of
languages has shown that some elements of early word forms are less well represented
than others, depending on what is salient in their respective languages. Word-initial
consonants of trochaic words (words with strong-weak stress) in English are rarely omitted
(Vihman & Croft, 2007; Vihman, 2017), because of the salience or the strength of the first

syllable relative to the second. On the other hand, children learning languages with word-
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final stresses like K’iché produce the stressed second syllable more than the first (Pye,
1992); children learning languages with medial geminates (e.g., Finnish: Kunnari et al.,
2001; Vihman & Velleman, 2000; Savinainen-Makkonen, 2007; Italian: Vihman & Majorano,
2017) or consonants lengthened under stress (Welsh: Vihman et al., 2006) also tend to
retain the long medial consonants at the expense of the initial consonants. In the latter two
instances, the perceptual salience of the stressed syllable and non-initial geminates or
lengthened consonants, both of which appear later in the word, draws focus away from the
beginning of the words, leading children to omit the word-initial onsets, a pattern seldom

found in English phonological development (Vihman & Croft, 2007).

Once children have acquired a sufficient number of words, systematic patterns may begin to
be observed. This has been documented in the literature as the first session in which
children spontaneously produce 25 or more uniquely identifiable word types in a single half-
hour recording session (the 25-word point, or 25wp, Vihman & Miller, 1988). It is found to be
the earliest point where a child has built a sufficient sample of words (a cumulative
vocabulary of about 50 words) from which generalisations may begin to be abstracted
(Vihman & Miller, 1988). These patterns, or ‘phonological templates’, refer to idiosyncratic
child responses to the difficulties of producing segments in different parts of the word and
are a stepping stone that helps scaffold children’s eventual ability to produce the adult form
(Vihman & Croft, 2007; Vihman, 2019). Templates are also an ever-evolving self-
(re)organisation and ‘summary’ of a child’s own phonological repertoire. Categories are
extracted based on this summary; their repeated use pre-attunes children to the
characteristics of the words that they hear in their environment, like an ‘articulatory filter’ (cf.
Vihman, 1993) through which certain sounds ‘stand out’ to them. According to Vihman
(2010), these easily produced and well-practiced templates are motorically accessible (cf.
McAllister Byun, 2012), require minimal planning of sequences (because they may simply
involve the use of a single consonant or repeated use of the same consonant in a segmental
sequence) and may contain familiar segments. Two manifestations of templates may be
identified in child forms: words that fit many of the words a child attempts in their target form
are termed ‘selections’, whereas words that children modify to match the template are
termed ‘adaptations’. For example, Yan Min in the present study had a high percentage of
VCV (vowel-consonant-vowel) forms, probably due to her real name having that shape, so
her production of i1fu0 for i1fu0 ‘shirt, or clothes in general’ would be deemed a ‘selection’,
whereas her production of e3te2 for teie3teiel ‘older sister’ would be an ‘adaptation’ to the
VCV form. In this thesis, templates may thus be identified by high frequency of usage (as a
result of both selection and adaptation) alongside moderate precision (i.e., the degree to

which a word form is used for targets that match the segment/tone sequence of interest; in
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this instance, moderate due to adaptations to the templatic word form). Furthermore, the
child’s phonological inventory is first considered — mere substitutions for forms that have not

yet been acquired are not considered templatic.

There is evidence that segmental templates can be found across various languages
(Brazilian Portuguese: Oliveira-Guimardes, 2013; German and Spanish: Kehoe, 2015;
French: Wauquier & Yamaguchi, 2013; Finnish: Savinainen-Makkonen, 2007, among
others). For example, Brazilian Portuguese-learning Lucas had a template with coda [m]
(even though coda [m] does not occur in the language) that was later replaced by a coda
with glide [w] (Oliveira-Guimaraes, 2013). Kehoe (2015) found that monolingual and bilingual
Spanish-speaking children selected more multisyllabic words, selected and produced fewer
words with codas, and selected more words with velars (although they did not produce them
as such) than their monolingual and bilingual German-speaking counterparts. Additionally,
the monolingual Spanish-speaking children also produced more first words containing /I/
than the monolingual German-speaking children. Meanwhile, Savinainen-Makkonen (2007)
observed the presence of word-medial geminate consonants in more than 70% of Finnish

Joel's speech forms.

As children begin to learn words with increasing complexity and word structures, they need
to learn how to tackle two onset consonants in a disyllabic word in tandem (C1-C2
sequences, termed consonant sequences; these may also be referred to as ‘segmental
sequences’ in sections discussing the experimental task of nonword repetition as it makes
for clearer distinction between segmental sequences and tonal sequences there). This is
especially so if they are variegated words (words containing at least two different
supraglottal consonants). How templates may present in these specific consonant
sequences may be less clear when it comes to manner of articulation, which is the focus of
this study. In terms of word structures, substitutions or compensatory mechanisms may first
be used by children to accommodate this complexity, either by full reduplication or partial
replacement (‘consonant harmony’) and replacement of consonant(s) by glottals or glides
(‘other’), or simply, omission of both consonants (‘vocalic’). The children’s responses may
then be examined for these systematic patterns of word structures (e.g., always changing

variegated words to harmonised forms; Vihman et al., 2023).

Such templates of word structures have been found in children learning different languages.
For example, Priestly’s (1977) English-speaking child favoured a specific [CVjVC; C =
consonant, V = vowel] template. Consonant harmony has also been found in children

learning Italian (Keren-Portnoy et al., 2009) and Brazilian Portuguese (Paulo, in Oliveira-
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Guimaraes, 2013). Reduplicative and/or CVCV templates have also been identified in
children learning Brazilian Portuguese (Oliveira-Guimaraes, 2013), French (Wauquier &
Yamaguchi, 2013), Arabic (Khattab & Al-Tamimi, 2013) and Finnish (specifically, CVCCV,
Savinainen-Makkonen, 2007). VCV patterns have been observed in French: specifically,
Béryl (in Wauquier & Yamaguchi, 2013) and Charles (Vihman, 1996) had an <aCo>
template (where C = supraglottal consonant. Kehoe (2015) found in her comparison that
German-speaking children produced templates with codas while Spanish-speaking children

produced more variegation.

Templates have not received much attention in tone languages that contrast suprasegmental
(tone) as well as segmental information. There have been some recent attempts at
identifying templates in tone languages: Mok and Lee (2018) found evidence of tone
templates in children learning Cantonese, whereas Lou (2020) found segmental templates
and suggestions of tone templates in children learning Mandarin. Work on perception and
production with older children and adults have shown a difference in the way segmental and
tonal information is processed and work on perception with younger children has also shown
this dissociation; more work can be done to examine if this dissociation has roots in
development and may also be found in production tasks. It remains to be seen whether
segmental and tonal templates can be found and the shape they will take. The choice to look
at consonant sequences and tone sequences is two-fold: 1) the majority (70%) of words in
Mandarin are disyllabic (Jin, 2011; Zhu, 2002), so it makes sense to study the patterns that
occur in disyllables; 2) it came out of the whole-word approach and a decision to look at how
the two syllables in a word might interact, or how children learn to produce the entire word
structure, in addition to the individual segments, syllables or tones. This is discussed at

greater length in Chapter 2.

1.3 Phonological memory

The focus of the previous two sections was on how children draw on the forms available to
them in their long-term memory to produce words in their everyday conversations. In this
section, the focus is on how this long-term memory both builds on and is itself built by
language use and production practice. A review of the literature on phonological memory

and nonword repetition is presented next.

Phonological memory, the ability to remember and repeat a novel word form (Vihman, 2022),
has been widely studied since the conception of the working memory model (Baddeley,

1986). In a review of work with various English-speaking typically developing adults and
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children, as well as neuropsychological populations (e.g., monolingual English-speaking:
Gathercole et al., 1997; bilingual Finnish-English-speaking: Service, 1992; Service &
Kohonen, 1995), Baddeley and his colleagues (1998) showed that a key function of the
phonological loop was to support the acquisition of novel stimuli. They found a link between
children’s ability to repeat novel sequences of sounds and vocabulary knowledge at a later
age. It seemed that the act of repeating and practising the articulation of sounds allowed the
sound-meaning connections formed to be stronger. Conversely, children who were not able
to produce these temporary novel sequences were less able to create a more permanent
representation of the novel sequences in their long-term memory. This repetition of novel

stimuli has now been established in the literature as the nonword repetition task.

In the ensuing years, nonword repetition has become a practical screening measure to
identify at-risk children in monolingual English-speaking populations, because children with
developmental language disorder (DLD; Bishop & Snowling, 2004) are known to be poor at
this task (Archibald & Gathercole, 2006; Gathercole & Baddeley, 1990). According to Bowey
(21997), not only is nonword repetition a useful measure of phonological memory, it also
assesses speech perception (Montgomery, 1995), construction (Snowling et al., 1991) and
segmentation (Gathercole & Adams, 1993) of phonological representations. Successful
repetition of a nonword is said to involve accurate speech perception, the creation of a
temporary but robust phonological representation in working memory, formulation of a motor
plan for articulation, followed by the enaction of the motor plan (Coady & Evans, 2008;
Snowling et al., 1991).

However, a body of work has emerged that challenges the directionality of the links among
nonword repetition, phonological memory and lexical advance. Much of the work relating
nonword repetition ability with later lexical advance has been studied in older children, aged
4 years and up, but there is evidence of the existence of phonetic representations before
children are able to produce meaningful speech (cf. DePaolis et al, 2011) and without regard
to word referents (cf. Yeung & Werker, 2009). Children have been found to be able to
abstract patterns from the statistical and distributional properties of the languages they are

exposed to in their developing lexicons (cf. Edwards et al., 2011; Metsala & Walley, 1998).

Both perception and production research provide evidence of how children abstract patterns
from the words they learn, rather than children learning individual segments and piecing
them together to learn words. In a review of the perception literature, Coady and Evans
(2008) state that children store words in their lexicons not in sequences of phonetic

segments, but instead as holistic and syllable-based units (e.g., Jusczyk, 1986; Walley,
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1993). This is in line with whole-word accounts of the production patterns in children’s early
words (see section 1.2, above): children’s first words tend to be holistic and more accurate
than expected (i.e., they resemble the adult form: cf. Ferguson & Farwell, 1975). As
discussed above, target language prosody has been shown to influence the production of
word forms as a whole; some elements of early word forms have been shown to be less well

represented than others (e.g., unaccented syllables and words with medial geminates).

Evidence that phonological memory both builds on and is itself built by language use and
production practice (e.g., DePaolis et al., 2011; Keren-Portnoy et al., 2010; Zamuner &
Thiessen, 2018) may be shown by the developmental changes in the bidirectional process of
existing phonological and lexical knowledge guiding future lexical development. At an earlier
age (that roughly coincides with a less vibrant lexicon), accurate production of newly
encountered words has been shown to depend on prior knowledge. Zamuner and Thiessen
(2018) found that a significant predictor of whether a child between the ages of 1 and 2
years imitated a new word was whether the word contained more sounds that the child had
correctly produced before. This concurs with Keren-Portnoy et al. (2010), who tested 26-
month-olds’ nonword repetition ability and found that nonwords with consonants that were
already in the child’s repertoire (IN consonants) were better produced than those with OUT
consonants (see also Leonard et al., 1981). These results are consistent with the
‘articulatory filter’ hypothesis (originally proposed for children at the one-word stage but still
relevant here; Vihman, 1993; Vihman et al., 2014), which states that prior practice with
known sounds provides a filter through which subsequent words that contain these familiar
sounds appear to ‘stand out’ to children. Words containing familiar sounds are facilitated by
the children’s previous production experience, which in turn helps in the retention and
construction and learning of future word forms with those sounds (McAllister Byun & Tessier,
2016; Vihman, 2022; Zamuner & Thiessen, 2018).

Two types of tasks have been shown to elicit children’s preference for and learning of
unfamiliar items over familiar ones. DePaolis and colleagues (2011, 2013) found in their
studies of 9 to 11-month-old infants that those who consistently produce only one consonant
preferred listening to passages containing nonwords with that consonant, whereas infants
who were consistently producing more than one consonant (i.e., who were more
phonologically advanced) preferred listening to passages containing nonwords with
consonants unfamiliar to them. Storkel’s (2005; 2006) work with children aged 3 to 5 years
(a group of children with phonological delays, age-matched children and vocabulary-
matched children) showed that regardless of typical development or phonological delay,

children with a more established expressive lexicon (well beyond the 25-word point, refer to
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Chapter 2) learnt items containing OUT sounds better than those with IN sounds. These
findings show that children who have established a solid repertoire of sounds or words seek
novelty; older children also require fewer resources in the learning of what is familiar and

instead devote resources to the learning of what is as yet unfamiliar.

Phonological memory is thus constantly supported by and itself supports passive learning
and active processing of the ambient language and babbling practice (Keren-Portnoy et al.,
2010; Vihman, 2022). In a similar vein, Lépez Assef et al. (2021) describe a developmental
shift in the production effect (i.e., where production of a stimulus facilitates recall) where
younger children (aged 2 to 3 years) have been found to recall a nonword better when they
have simply heard a word than told to produce it but older children (aged 5 to 6 years) do

better at recall when told to produce the nonword.

As mentioned, researchers can test what stays in children’s memory when they learn words

by means of the nonword repetition task. A discussion of nhonword repetition follows.

1.3.1 Nonword repetition

Phonological memory is often operationalised using the nonword repetition task. Early
proponents of the task claimed that nonword repetition is a relatively ‘pure’ measure of
phonological memory, because children cannot rely on long-term knowledge when nonwords
are used (cf. Gathercole et al., 1991; Gathercole, 2006); Ellis Weismer et al. (2000) also
claimed that it is a ‘content-free’ measure, which makes it culturally appropriate to use
across various populations. However, some authors have countered the notion that it is a
‘pure’ measure of phonological capacity because long-term memory information has been
shown to influence short-term memory performance (cf. Jones & Macken, 2018). For
instance, even Gathercole and colleagues’ early papers (e.g., Gathercole et al., 1991) found
a ‘wordlikeness’ effect (the degree to which a nonword resembles a real word), i.e., the
closer the nonword conformed to the phonological structures of the language, the better the
children’s abilities to repeat those nonwords. As mentioned in the previous section, children
abstract and derive knowledge of the phonological structure of their language from their own
vocabularies (Bowey, 1997), and this ability to recognise systematic patterns in the language
assists them in their retention and repetition of nonwords that contain familiar sequences
(Dollaghan et al., 1995; Keren-Portnoy et al., 2010; Snowling et al., 1991). Stress patterns
also make a difference: the production of multisyllabic stressed and non-stressed syllables is

better when they match the stress patterns of real words (e.g., Dollaghan et al., 1993; 1995);
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whole syllable errors in nonword repetition tasks involved omission of unstressed syllables
(e.g., Roy & Chiat, 2004).

Researchers who have statistically operationalised ‘wordlikeness’ have found better
performance for nonwords with high than low wordlikeness, as mentioned. For instance,
nonwords with high phonotactic probability (the frequency with which segments and
sequences of segments occur in words in any language, sometimes calculated using
biphone frequency), have been found to be more accurately produced than words with low
phonotactic probability in adults (e.qg., Vitevitch & Luce, 2004, 2005) and children (e.qg.,
Beckman & Edwards, 2000; Edwards et al., 2004; Hoff et al., 2008; McAllister Byun &
Tessier, 2016; Zamuner et al., 2004).

Other authors found a corresponding decreasing order of accuracy for repetition of words vs.
nonwords (e.g., Roy & Chiat, 2004; Keren-Portnoy et al., 2010), and nonwords with high vs.
low phonotactic probabilities (e.g., Gathercole et al., 1999). Individual features of words have
also been shown to make a difference: better performance has been recorded for nonwords
with features that are within rather than outside a child’s own phonetic inventory (e.g., Keren-
Portnoy et al., 2010; Stokes et al., 2006). Nonwords have also been shown to prime the
semantic targets of real words with which they share acoustic-phonetic features (e.g.,
Connine et al., 1993). Additionally, Dollaghan et al. (1995) found a lexicalisation effect, with
nonwords being produced as their phonological real word neighbours, reducing nonword
repetition accuracy. The authors caution that nonword repetition stimuli need to be checked
for their similarities to actual words not merely in terms of whole words, but also on a within-
syllable basis. The phonotactic rules of the language as well as the frequency of particular
phonotactic probabilities of consecutive sequences must thus be taken into account.

These accounts also bring up the importance of controlling for frequency effects. According
to Ambridge et al. (2015), frequency has always been considered a ‘ubiquitous’ factor in
language acquisition. In developmental research, the relationships between word frequency
and production accuracy remain unclear, mostly as different frequency outcome measures
have led to different results (Stoel-Gammon, 2011). Curiously, some researchers have used
adult corpora even on studies with 2- to 3-year-old children (e.g., using Ku€era & Francis,
1967: Sosa, 2008; Sosa & Stoel-Gammon, 2012), which is surprising, as the frequency
counts for adult words is likely different from child-directed words, with corresponding
differences in familiarity to the children. A better practice would be to use child corpora as a
basis on which to study child productions (e.g., the use of the CHILDES database,
MacWhinney, 2000 by Tang et al., 2019a, b). Indeed, the familiarity of words has been found

to have an effect on accuracy of production: children learning Cantonese were significantly
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less accurate when producing less familiar words than highly familiar ones, whereas there

was no such difference for adults (e.g., Wong et al., 2017).

Others have used frequency counts based on the child’s own word production (e.g., in
English, counting how often a child uses a word: Tyler & Edwards, 1993), which is also not
ideal, as counting child usage of words may be idiosyncratic and may not be generalisable to
other children [e.g., previous examples about a child favouring CVjVC words or adapting
them to this pattern (Priestly, 1977) or a child actively choosing words with fricatives and
affricates (Farwell, 1976)] or indirectly favour words with certain articulatory properties. For
example, ‘car’ may occur about ten times as often as ‘chair’ (cf. Vitevitch & Luce, 2004%),
because the /k/ in car is less challenging for children to produce and perceive than the /tf/ in
chair, even though both items may occur readily in the child’s environment (and further
confounded by the fact that a car may move and may be more exciting to a child than a
typically-stationary chair may be). The articulatory properties of words thus need to be taken
into account as well. In this thesis, since the focus is on disyllabic words in Mandarin, it
makes sense to control for the frequency of consonant sequences and the corresponding
articulatory properties of the two onset consonants in tandem (onset segments and not
codas are studied since there are only a limited number of codas [n and n] in Mandarin).
Consonant sequences in the language are first measured and ranked in order to determine
the frequency of occurrence of respective consonant sequences. This ties in to the study of

nonword repetition in Mandarin.

1.3.2 Nonword repetition in Mandarin

As presented, statistical phonological structures in a language influence the repetition of
stimuli, even if the stimuli were nonwords. If the nonword repetition measure were truly ‘pure’
(cf. Gathercole, 2006), there should have been no difference in performance on the above
counts. The evidence presented so far has also only been based on English. Researchers
studying children who speak other languages need to create nonwords that resemble the
specific language features of that language. For a tone language like Mandarin, nonwords in
Mandarin need to account for both segmental and tonal aspects of the language. Frequency
effects must also be considered (e.g., wordlikeness, phonotactic probability), and for

Mandarin, this includes calculating the frequency of occurrence not only of sequences of

1 In the spirit of using child-based corpora, the Child Phonotactic Probability Calculator (Storkel & Hoover, 2010)
was sought. Unfortunately, it was inaccessible even at the point of thesis submission and resubmission (see
explanation from the website developer: http://www.people.ku.edu/~mvitevit/PhonoProbHome.html), hence the
adult Phonotactic Probability Calculator was used.
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segments but also of sequences of tones. For example, Parra et al. (2011; see also Jones et
al., 2004) tested children on English-like and Spanish-like nonword stimuli and found both
language-general and language-specific components to phonological memory. There was a
correlation between the phonological memory for English-like and Spanish-like nonword
stimuli, as well as language-specific benefits of language exposure and of phonological
memory to language development. Service (1992; Service & Kohonen, 1995) found that
Finnish-learning children’s performance on an English-like nonword repetition task predicted
their English learning. The fact that language-specific effects can be found shows that the
task is not entirely ‘content-free’ (cf. Ellis Weismer et al., 2000), and has to be designed to fit

the particular language.

Only a few groups of researchers thus far have studied nonword repetition in Chinese
languages and these have all been geared towards atypical language development. For
example, Ho and Lai (1999) studied naming speed deficits and phonological memory deficits
in Chinese children with developmental dyslexia in Hong Kong. For the phonological
memory tasks, children were asked to repeat nonsense Chinese (presumably, Cantonese)
syllables, but the authors did not provide examples of these syllables. It is likely that it is a
monosyllabic Cantonese nonword repetition task to compare with their other measure of digit
span (digits from 0 to 9 are monosyllabic in Cantonese), but it is nonetheless unclear
whether the syllables themselves were nonwords or if the syllable was a legal word in
another tone but the tone implemented for that syllable in their task made it a nonsense
syllable (termed a ‘tonotactic gap’, see later reference in section 3.2.1). Additionally, since
their study was aimed at testing the naming-speed deficit hypothesis on children with
developmental dyslexia learning non-alphabetic scripts, the element of segment and tone in

their nonword repetition task was not their main concern.

To the best of the investigator’s knowledge, Wang and Huang (2016) were the only ones
who studied Mandarin nonword repetition (also aimed at diagnosing atypical language
development) who included the nonword repetition stimuli used. The authors administered a
word and nonword repetition task to Mandarin-speaking preschool children suspected of
having developmental language disorder (DLD) and age-matched controls (23 children per
group, aged between 3 and 6 years). The list of five words included [forms provided are as
used in their study with tone added — the authors did not provide a tone for the real words]:
pai2t"ianl ‘day’, nan2xai2 ‘boy’, lau3t"su0 ‘old man’ (colloquial), njsu2nai3 ‘cow’s milk’ and
xau3k"an4 ‘nice-looking’. Nonwords were then created either by metathesising the vowels,
changing the initial consonants, or completely replacing entire syllables of these real words

[forms provided are as used in their study; all the nonwords were said in T1-1]: pia tian, nua
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fai, luai t"iu, misu nuai and xio k"ian. They found that the former group of children had no
issues with tone in the nonwords but nonetheless performed worse than age-matched
controls on nonword repetition. The authors thus concluded and agreed with Ellis Weismer
et al. (2000) that the nonword repetition task was ‘bias-free’, and that two-syllable Mandarin
nonwords can be used to diagnose Mandarin language disorders. Their conclusion is
contentious for a few reasons. First, they used only five real words and five nonwords in their
task, which seems too small a sample of words for a conclusive finding. In terms of their
stimuli, all the nonwords were said in the same tone (T1, high level) in order to prevent
children from being distracted by homophonous words as well as to have consistency across
the experimenters who had to administer the task ‘live’. However, T1 tends to show the
earliest acquisition and highest levels of precision (i.e., the degree of match of child form to
target) as it is the most salient tone in Mandarin (see further discussion in Chapter 2), so the
lack of tone errors in the nonword repetition task is not all that surprising. Next, their ‘bias-
free’ claim was based solely on the fact that the children suspected of DLD and age-
matched controls scored significantly differently on the nonword task, and not based on
something other than their performance on the very same nonword task that they were
administering, which seems to be a circular argument. Finally, as a result of using the same

T1 for all nonwords, how tone influences nonword repetition could not be studied.

1.4 Present study: What segmental and tonal patterns occur in children’s Mandarin

speech productions?

Most of the research on the dissociation between segment and tonal processing in Mandarin
has covered adult and child perception. Less is known about the potential joint effects of
segments and tone in development, especially for production. More work should be
dedicated to examining the (a)symmetry in the way that segments and tone influence
language production, especially from a developmental perspective. What are the salient
linguistic features that children pick up on and what patterns do they produce when they are
beginning to speak? Work with older children (toddlers vs. preschoolers, cf. Singh et al.,
2015) has found a shift in relative sensitivity to segments vs. tone information, which means
it is necessary to study children from an earlier developmental timepoint, when they are just

beginning to speak Mandarin, to try to establish the origin of the segment/tone asymmetry.

From a psycholinguistic viewpoint, production studies are necessary to understand how
children process what they hear and how they represent it as speech. In addition, production
involves additional, serial or simultaneous processes of articulatory motor control, cognitive

planning and actual production (Keren-Portnoy et al., 2010). The early infant perception

24



literature showed how children quickly attune to the distributional frequencies of units of the
language(s) they are exposed to (e.g., Burns et al., 2007; Eimas, 1978; Kuhl et al., 1992;
Mattock & Burnham, 2006; Werker & Tees, 1984). How children learning Mandarin are
influenced by the frequencies of segment and tone information in the language in their
production of disyllables has not yet been systematically studied. While previous studies on
child perception have examined the three-way distinction between consonants, vowels and
tone, work on child production has shown that it is difficult for transcribers to transcribe
reliably the vowels produced by children at the end of the single word period (cf. Davis &
MacNeilage, 1995; Davis et al., 2002; Keren-Portnoy et al., 2010; Vihman, 2019). Thus, for
this thesis, the present analyses are restricted to the consonant/tone asymmetry.

Henceforth, the term ‘segment’ refers to ‘consonant’ unless otherwise stated.

For Mandarin, the accuracy of a word depends on both segment and tone accuracy. If either
unit is incorrect, e.g., an inaccurately produced segment with an accurately produced tone or
an inaccurately produced tone with an accurately produced segment, the entire word is
considered incorrect. For disyllabic words, this issue is compounded: both the segments and
the tones of each syllable need to be accurately produced in order that the entire disyllabic
word be said accurately.

Error analyses have been useful in examining the elements of words that are represented
when a child learns languages. For beginning learners, speech errors in Mandarin are likely
to occur in either one or both segment and tone elements. In adult slips-of-the-tongue errors,
the rate of co-occurrence of errors between segments and tones have been found to differ:
tone errors have been said to occur less often than segmental errors (Chen, J.-Y., 1999;
2000): tone tends to remain intact even if there are within-word segmental errors, i.e., only if
the errors are entirely segmentally incorrect would tone also be incorrect. The (a)symmetry

of segmental and tonal information in Mandarin is discussed in greater detail in Chapter 2.

Errors in child forms may also tell us the important elements in phonological encoding (cf.
O’Seaghda et al., 2013), and how words in a language may be represented holistically (cf.
the whole-word approach). As mentioned above (section 1.2), children learning languages
with certain prominent features may make more errors relating to the less prominent
features. Thus, these error patterns allow us to make inferences on how language may be
represented in the mind of the learner, dependent on the salient features of the words in the
respective languages, which differ in their location between one language and another.

The challenge in Mandarin is then whether words in Mandarin may be represented

holistically and the type of error patterns that may be found, in both everyday speech and a
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nonword repetition task. Tone errors have been found to occur more frequently than
segmental errors in adult word production (Chen, J.-Y., 1999; 2000). Which element, then,
segment or tone, would children be more likely to produce accurately in everyday
conversation and grasp and subsequently repeat accurately in a nonword repetition task?
The fewer tone than segmental errors found might indicate that tone is a more salient feature
than segments, possibly because it is a suprasegmental element that children have been
paying attention to from a young age (cf. Fernald, 1989). Fewer tone than segmental errors
may then also be expected in both production tasks. Additionally, for the nonword repetition
task, given the dissociation found in previous work, it is also not clear if there would be an
influence on the frequency of segment and tone sequences on segment and tone accuracy
and a crossover effect, i.e., whether frequency of segmental sequences would influence tone

accuracy and vice versa.

The objective of the present study was to examine the systematic patterns that may be
evident in children’s segment and tone productions using two complementary approaches.
The first is a longitudinal observation that tracks children’s productions in a naturalistic play
setting with a parent over six monthly recordings. The purpose of the naturalistic
observations was to examine children’s productions of segmental and tonal information in
their everyday speech. The manner categories of word-initial consonants as well as the word
structures of the words produced were analysed, and patterns of production and substitution
and any uses of templates were noted. Manner categories were the focus of this study
because the frequency of occurrence of fricatives (and affricates) in the consonant repertoire
in Mandarin (about half) might lead to their (early) order of acquisition, as has been observed
in some of the languages discussed above (in section 1.1; Altvater-Mackensen & Fikkert,
2015). The term ‘word structures’ as used in this study is used for ‘prosodic structures’ in
other studies (e.g., Lled, 2002; Pierrehumbert, 2003; Vihman, 2019 etc.); however, since
prosody may refer to suprasegmental elements of speech like tone, stress and intonation
(Crystal, 2008; Sereno & Lee, 2015), and with tone being an important factor in this present
study, the term ‘word structures’ is adopted instead to prevent confusion. This longitudinal
observation also provides an extension of the findings by Lou (2020) on 13- to 18-month-
olds; comparison and reference to Lou’s study will be made where relevant. The present
study was carried out with four children in Singapore, beginning when they were 20 months
old. The study of children at a slightly later lexical stage provides a continuation and
exploration of the kinds of patterns that children may produce early in the word-combination

period.
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The second is the administration of an experimental nonword repetition task created for this
study. The purpose of the nonword repetition task was to examine the accuracy of segment
vs. tone production in children’s productions of unfamiliar sequences. If segment and tone
templates may be observed in children’s everyday speech, children might also use
templates in their responses to unfamiliar stimuli. Like the naturalistic observations, the
manner categories of word-initial consonants as well as the word structures of the words
produced were analysed, and patterns of production and substitution and uses of templates

noted.

In addition, the effects of frequency were also controlled for: whether and how the
frequencies of occurrence of segmental sequences (segmental feature) and tone sequences
(suprasegmental feature) influenced the segment and tone accuracy of the nonword
repetition task were analysed, as well as whether there was an interaction between the two
factors. Wang and Huang’s (2016) nonword stimuli were not controlled for frequency, which
could have been a confound. Both frequency of segmental sequences and tone sequences
should be controlled for when creating novel Mandarin stimuli. Furthermore, child corpora
should also be used to calculate the frequencies when the participants of study are children
[cf. the use of the CHILDES database by Tang et al., 2019a, b). Since the study was
administered to Singapore children, the Singapore Communicative Development Inventory
(CDI; Singh et al., 2022) was used to measure the frequency of words that children in
Singapore learn. The CDI had been adapted to suit the Singapore population: for example,
when adapting the words from the original MacArthur-Bates CDI (Fenson et al., 1993),
words like ‘snow’ and ‘lawnmower’ were removed as Singapore is in a temperate climate
with no snow, and lawnmowers are not common in the Singapore context where most
people live in apartment blocks with no lawns. Within the adaptation, the more familiar form
of lexis to Singapore children was chosen for certain words (e.g., ‘potato’ in Putonghua is
thu3tou4 but ma3lin2su3 in Singapore [and Malaysia and Taiwan] Mandarin), in line with
word familiarity effects found in other studies (e.g., Wong et al., 2017). The CDI served not
only as a measure of words children say but also the words they understand, so it is a good

proxy for input to the children as well as for child output.

Thus, the invented words were disyllabic, conformed to Mandarin word patterns and took
into consideration the frequencies of individual segmental sequence and tone sequence
combinations as they occurred in the language. However, whether there may be use of the
same templates, or any use at all in the nonword repetition task, is unclear, due to the
internal segment and tone frequencies of the task, which differs slightly from frequencies in

the language (full details of the creation of the nonword repetition stimuli are presented in
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section 3.2.1). The repetition task also included familiar words to make the task less
daunting for the children (but only the nonwords were analysed). This study was carried out
with 23 2-year-old children in Singapore (of which 20 produced enough responses to be
included in the analyses).

The key questions for both naturalistic and experimental portions of the study are:

1) Is there overlap among the consonant sequences and tone sequences children hear,
target and produce?

2) Is there evidence of templatic usage in the children’s segment and tone productions?

An additional question is asked of the experimental study:

3) How, if at all, does the frequency of occurrence of segmental sequences and tone

sequences influence the accuracy of child productions of newly encountered stimuli?

This chapter has covered theoretical approaches to language acquisition, focusing on the
whole-word approach on which this study is based, and has reviewed the literature on
phonological memory and how a nonword repetition task in Mandarin may be administered.
Chapter 2 covers the literature on phonology of segments and tones, and the phonological
acquisition of segments and tones in Mandarin Chinese, including the identification of
templates in Mandarin. There is also a section on Mandarin as it is used in Singapore,
followed by a review of findings regarding the dissociation of segmental and tonal features in
Mandarin perception and production studies. Chapter 3 covers the methodology of the
thesis, elaborating on how the consonant sequences and tone sequences were transcribed
and analysed and how the frequencies of occurrence of consonant sequences and tone
sequences of the language were taken into account in the design of the nonword stimuli.
Chapter 4 discusses the findings of the longitudinal, naturalistic observation study in terms of
segmental analyses (section 4.1) and tonal analyses (section 4.2), focusing on the
production patterns of consonant sequences and tone sequences, their substitution patterns
and the identification of any templatic usage. Chapter 5 discusses the findings of the
experimental nonword repetition study, including the same segmental and tonal analyses as
in Chapter 4, with additional statistical analyses to support the descriptive findings. The final
chapter rounds up the over-arching research question addressed in this study — what do the
findings from children’s segment and tone productions and patterns tell us about

phonological development in Mandarin?
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Chapter 2 — Phonology and phonological acquisition of Mandarin

Chinese

Despite the fact that more than half of the world’s languages are tone languages (Yip, 2002),
the literature has disproportionately focused on non-tone Indo-European languages which
contrast words via changes to segmental elements like consonants and vowels only and do
not have suprasegmental features like tone that are of lexical significance. The situation is
more complicated for tone languages, where contrasting the lexical pitch of a word makes a

distinction in meaning.

2.1 Phonology of Mandarin

Mandarin is the most widely-spoken tone language in the world, where word-level pitch
variations are used to differentiate meanings, either at the syllable- and/or word-levels of
linguistic representation (Liu et al., 2018; Maddieson, 2011; Yip, 2002). Mandarin belongs to
the family of Sino-Tibetan languages (Katzner, 1977). It is spoken by 885 million people,
87% of whom live in China; most of the rest in Taiwan, Singapore, Malaysia and Indonesia
(Gordon, 2005). Mandarin is one of the six official languages of the United Nations; it has
official language status in China, Taiwan, Hong Kong, Macau and Singapore (Erbaugh,

1992; Wee, 2013). The Beijing variety is taken to be the standard in China, known as Zi&if

Putonghua ‘Common Language’ (IPA: ptu3ton1xua4). It is also known as Putonghua in

Hong Kong and Macau, but E1& Guoyu ‘National Language’ (kuo2y3) in Taiwan and £i&

Huayu ‘Chinese Language’ (xua2y3) in Singapore and Malaysia (Chen, P., 1999).

2.1.1 Segments

Words in Mandarin are made up of syllables and tones. When referring to tone languages,
‘syllables’ refer only to the segmental properties of the language without tone, i.e., an atonal
syllable; syllables with tone will be explicitly referred to as such. Syllables in Mandarin are
simple, with single-consonant-onsets (no consonant clusters) and end in a vowel and/or
nasal /n/ or /n/ coda. There are clear syllable boundaries in Mandarin, with little
resyllabification and no ambisyllabicity (Duanmu, 2000). The consonants do not carry
prosodic information; they are realised using aspiration, manner and place of articulation;
vowels, on the other hand, carry prosodic information, stress, intonation and tone (Burnham
et al., 2011; Lin et al., 2013). Tones and the vowel are compulsory in a Mandarin syllable,

whereas the onset and coda are optional (Zhu & Dodd, 2000). In Mandarin, there are 21
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consonants that can occur as onsets: 6 plosives (28%: p, ph, t, th, k, kh), 11 fricatives and
affricates (classed together as ‘fricatives’, 52%: f, tg, teh, g, ts, tsh, s, ts, tsh, s, h), 2 nasals
(10%: m, n) and 2 liquids (10%: I, 1). There is also an additional consonant [n] that can only
occur in a syllable-final position. Only /n/ and /n/ can appear in the coda. In this thesis,

reference to ‘segments’ refers to ‘(onset) consonants’, unless otherwise specified.

There is no consensus regarding the syllable structures of Mandarin. Some researchers
have argued that there are no diphthongs and triphthongs in the language; instead, the
underlying representation of a rhyme in Mandarin is a glide + vowel + optional coda
combination. This is because the glide is said to retain some unique phonetic and
phonological qualities (Wan & Jaeger, 1998). However, as an in-depth discussion would take
us too far afield here, there will be only brief mention of the issue where relevant (see
discussion in Wan & Jaeger, 1998). For the purposes of this study, since Zhu’s (2002) study
has been an influential account of Mandarin phonology, her notation of vowels is followed,
which includes monophthongs, diphthongs and triphthongs. Following Zhu (2002), there are
22 vowels in Mandarin: 9 simple vowels (i @ e ¥ € y 0 a u), 9 diphthongs (ai au ei ou ia i€ ua
uo ye) and 4 triphthongs (iau iou uai uei). There are three allophones of /i/: it is produced as
h after /ts/ /ts"/ and /s/; K/ after /tg/, /ts"/, Is/ and /i/; and /i/ after all other consonants.

Mandarin words are constructed from a relatively small inventory of syllable units (Packard,
2000). There are 420 possible combinations of onsets and rimes in Mandarin and 1,300
syllables with tone if tonal variations are accounted for (Xiandai Hanyu Cidian ‘Modern
Chinese Dictionary’, 1979; cited in Zhu, 2002; Chen et al., 2002; Deng & Dang, 2007; Lin &
Wang, 1992; O’Seaghdha et al., 2010). As a result, homophones occur much more
frequently in Mandarin than in other languages (Zhu, 2002). Ke (2006) compared the
homophony in 20 Chinese languages and 3 Germanic languages. Using the Dictionary on
Computer electronic database of the phonological systems of Chinese languages (Wang,
1969), Ke found 67% homophony in the Beijing dialect (which is the dialect referred to as
‘Mandarin’) from over 4000 entries. Using corpus frequency from the CELEX database
(Baayen et al., 1995), among the first 2000 most frequent words, Ke (2006) found about

10% homophony in English and about 4% each in Dutch and German.

Mandarin is said to be morphosyllabic (DeFrancis, 1984): each syllable is a morpheme in
itself and words can be made up of two or more morphemes. Most words in Mandarin are
disyllabic (74%; Institute of Language Teaching and Research, 1986, cited in Zhou &
Marslen-Wilson, 1995) or made up of more than two syllables (Zhu, 2002). Jin (2011)

provides an account of the homophone avoidance approach (cf. Guo, 1938; Karlgren, 1949;
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Li & Thompson, 1981, L1,1963) which explains why there is a large percentage of disyllabic
words in Mandarin (70% in their study) compared with American English (38%), Cantonese
(30%), Hawaiian (28%) and Japanese (17%; trisyllabic words are most prevalent in
Hawaiian and Japanese). The approach states that Chinese monosyllabic words were
lengthened to avoid semantic ambiguities that would have arisen as a result of homophony.
Based on these features, the syllable seems to be an ideal ‘proximate unit’ (cf. O’'Seaghdha

& Chen, 2009) for lexical processing in Mandarin.

2.1.2 Tone

There are four tones in Mandarin, Tone 1 (T1): high level (55 in Chao, 1930 notation), T2:
rising (35), T3: falling-then-rising (214, or only falling [21] in some tone combinations, see
below), T4: high falling (51). Tones are associated with individual syllables (Yip, 1995), are
carried by the vowels (Lin et al., 2013), and the function of tone is predominantly lexical
(Wan & Jaeger, 1998): each syllable has a different meaning depending on the lexical tone.
The syllable ma can refer to ‘mother’ in T1, ‘hemp’ in T2, ‘horse’ in T3 and ‘scold’ in T4. The
final rise of T3 is said to occur only in isolation, word-finally or at the end of a sentence
(Chen, C. Y., 1984; Singh & Fu, 2016; Tang et al., 2019b). The lower pitch 21 appears
elsewhere (also termed the ‘half-T3 sandhi’: Tang et al., 2019b; Zhang & Lai, 2010), under
normal stress, in syllables preceding T1, T2, T4 and TO (Chen, C. Y., 1984; Wang & Li,
1967). Just as consonant and vowel changes result in lexical contrasts, so too do tone
changes (cf. Burnham & Mattock, 2007).

Most words in Mandarin have a tone in which they are consistently produced, but sometimes
the morphological structure of Chinese words dictates that some words undergo tone
sandhi, the alternation of tones. There are four lexical items with their own sandhi rules:

pu4 ‘no’, il ‘one’, ta"i1 ‘seven’ and pal ‘eight’. They are produced as a rising tone (T2)
before a high falling tone (T4). Additionally, i1 is said as a high falling tone (T4) before all

other tones except a high falling tone (T4).

The sandhi rule that has garnered the most attention is the T3 sandhi rule. It states that
when there are two consecutive T3 syllables (T3-3), the first of those syllables will become a
rising tone (T2), with the resulting tone sequence being T2-3. Hockett (1947) stated that this
substituted rising tone is at a lower pitch than that of a true T2. However, Wang and Li’s
(1967) tone perception experiment with adults showed that Mandarin speakers could not
differentiate between the pitch of a true T2 and one substituted via the T3 sandhi rules.
Ching (1971; cited in Chen, C. Y., 1984) further rationalised two instances of when the
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sandhi rule occurs: first, the T3 sandhi rule change in the first syllable only applies when the
second syllable is a “substantive morpheme or a ‘functional reduplication’ (p. 303). For
example, the verb ‘walk’ may simply be represented by the lone morpheme tsou3, but when
it is reduplicated it takes on a functional meaning of ‘take a walk’. tsou3 reduplicated is
tsou3tsou3, and after sandhi rules apply the eventual form is tsou2tsou3. Second, the T3
sandhi rule change does not happen when it is an “empty morpheme or a ‘simple

reduplication™ (p. 303). For example, ‘older sister’ may simply be represented by the lone
morpheme tgie3; when it is reduplicated there is no functional change. tgie3 reduplicated is
teie3teie3, but as it is a simple reduplication, sandhi rules do not apply: rather than teie2tsie3,

the resultant form has a neutral tone tgie3tgie0 instead.

While researchers are unanimous in agreement about the existence and delineation of the
pitch contours of the four tones in Mandarin, whether there is a fifth tone (Tone 0, TO) is
more contentious. Researchers are mixed as to whether the fifth tone should be considered
a ‘neutral tone’ (Norman, 1988) or simply ‘weak stress’ (Zhu, 2002), and whether these two
are the same. According to Chen (1984), every stressed syllable has a full tone, and when a
syllable is weakly stressed (Chao, 1968), its duration becomes shorter and its tonal

characteristics are neutralised, hence the term ‘neutral tone’.

According to Norman (1988) and Zhu (2002), neutral tone or weakly stressed syllables
cannot occur in isolation, unlike the four basic tones. Furthermore, the neutral tone does not
have a consistent pitch contour: its pitch is determined by the preceding tone. It is half-low
after high level T1, mid after rising T2 and low after high falling T4 (see Zhu, 2002 and
Norman, 1988 for more detailed analyses; only the most relevant points are discussed
below). For falling-then-rising T3, when such a syllable precedes the neutral tone, the final
rise (the 4 of the 214 tone contour) in pitch is realised on the syllable of the neutral tone
(Wang & Li, 1967). Presumably, the neutral tone has mostly a mid-level pitch to it that is
between the high level T1 and high falling T4. The weak articulatory strength of the neutral

tone is said to account for its variability (Chen & Xu, 2006).

Zhu (2002) posits that weak stress or non-stress and the neutral tone are linked. Hockett
(1947) and Stimson (1967) caution against a simple dissociation between weak stress and
the neutral tone. They state that syllables with weak stress and the neutral tone do not
always interact as cause and effect; there are weak-stressed toned syllables as well as
normal-stressed toneless syllables. Zhu (2002) further elaborated on stress in Mandarin
syllables, differentiating between words with regular and irregular weak stress. The former

includes weak stress which typically occurs in functional words and morphemes like particles
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(e.g., sentence-final grammatical particle l1s0 denotes something that’s already been done),
affixes (e.g., tsy in pi2ts70 ‘nose’) or on the second part of reduplicated nouns, verbs or
adjectives (e.g., sin1egin0 ‘star’, gicdeic0 ‘thank you’) (Chen, J.-Y., 1999; Zhu, 2002).
Sometimes weak stress serves to differentiate words in contrast to words with normal stress
or a full tone (e.g., ton1si0 ‘thing’ vs. ton1eil ‘east-west’; Chen, J.-Y., 1999). These are not
frequent in the language and the context usually helps with disambiguation. Words with
irregular weak stress are not rule-governed and whether a syllable is weakly stressed or not
is decided on a lexical basis, referred to as ‘lexeme’ type, i.e., the second of two lexemes is
weakly stressed when they are combined together, e.g., &3tuo0 ‘ear’, thou2fa0 ‘hair’ (Zhu,
2002).

The use of the neutral tone is even more sporadic when it comes to the nomenclature for
family members. Chen (1984) compared kinship terms in the Modern Chinese Dictionary
(Xiandai Hanyu Cidian) and found inconsistencies relating to the usage of the neutral tone.
For example, comparing the names for men (fu, in bold) and women (mu, underlined) on the

maternal side?:

i2fu0 ‘aunt’s husband’ vs. iZmu3 ‘aunt’;

teiou4fu4 ‘uncle’ vs. teioudmuO ‘uncle’s wife’

Chen (1984) concluded that there were no clear consistent cues that can be found in the
grammatically unpredictable instances of the neutral tones. However, the investigator
proposes the following pattern, one that distinguishes between an aunt/uncle who is or is not
related by blood: a full tone is attributed to the fu and mu when it is the parent’s direct sibling,

whereas the neutral tone is attributed when it is the spouse of a parent’s sibling.

In the present study, kinship terms will turn out to belong to a collection of tone templates in
themselves in Singapore Mandarin, including one with a neutral tone. Kinship terms are
familiar to children and emerge early in child production (Zhu, 2002), hence it is unsurprising

to find templatic patterns in this group of words. These are further discussed in Chapter 4.

2 The naming convention that many Chinese families adopt is that the person’s actual name is not used, rather,
the relationship is emphasised. For instance, there may be a number (denoting birth order), a word that
represents the sex (aunt or uncle), lineage (maternal or paternal side) and spouse (husband or wife of said
aunt/uncle). Thus, via this honorific, one can immediately work out the familial relations. This is in contrast to
other cultures which teach children to call the siblings of their parents Aunt Mary and Uncle John, or simply, Mary
and John.
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Liu and Samuel (2007) conclude that tones are more important than syllables or segments
because of the amount of “segmental homophony” (Liu & Samuel, 2007, p. 589) that results
from the simple syllable structure (mostly consonant-vowel plus two permissible nasal
codas) of Mandarin. The use of many tones serves to offset the asymmetry of a syllable,
potentially activating a large number of words. Liu and Samuel cite Maddieson (1978; 2011),
which found Mandarin to be among the minority of languages which make use of four or
more tones (most only have two or three), including a complex tone (i.e., T3). A chicken-and-
egg question then arises: it is not clear whether languages with tone are highly likely to have
simpler syllable structures (cf. Maddieson, 2011) or if the tone system has accommodated to
the simple syllable structure and potential homophony it (cf. Sereno & Lee, 2015). Jin’s
(2011) study provides a way out of this issue: in order to avoid the homophony that arises
from the simple structure of Mandarin, words in Mandarin tend to be mostly disyllabic. Most
of the literature has focused on the acquisition of single syllables and tones; the aim of the
present study is to expand on the questions that can arise in examining the acquisition of
disyllables and tone combinations e.g., whole-word structures, tone sandhi and neutral tone.

A review of the existing acquisition literature follows.

2.2 Phonological acquisition of Mandarin

2.2.1 Segments

In Mandarin, unaspirated stops, fricatives, dentals and retroflexes are said to be the most
frequently-used consonants of Chinese syllables (Cheng, 1982). In a review of the
phonological development of Mandarin children, Li and To (2017) found a general
consensus that plosives and nasals occurred in children’s consonant inventories earlier than
most fricatives and affricates. Specifically, /p, t, m, h/ were acquired first and the retroflex
consonants /ts, tsh, s, 4/ were more difficult. In a recent study of the phonological
development of affricates in 3- to 5-year-old children, Ma et al. (2022) found a different
pattern of development depending on the place of articulation of the affricates: alveopalatal
[te, te"/ were found to be acquired first, followed by retroflex /ts, tsh/, then alveolar /ts, tsh/.

Li & Munson (2016) examined the development of the voiceless sibilant fricatives in 2- to 5-

year-old children and found an acquisition order of /g/, /s/ then /s/.

One of the issues in the acquisition literature has been the definition of what, precisely,
constitutes ‘acquisition’. As a result, the varying definitions have led different authors to
arrive at different ages of child ‘mastery’ of the components. The general consensus on the

acquisition of a component has been ‘a certain percentage of children producing it correctly
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at a certain frequency’. However, there is no consensus about these italicised keywords.

These are discussed in turn.

Researchers have variously used group-level percentages of 70%, 75% or 90% as their
criterion for acquisition of consonants. Li and To (2017) adopted group-level criteria of more
than 75% or 90% and categorised acquisition/mastery, stabilisation or emergence of sounds
for an age cohort, i.e., a sound was considered ‘mastered’ when more than 75% or 90% of
children produced it correctly all the time, ‘stabilised’ when it was produced correctly two-
thirds of the time and ‘emergent’ when it was produced regardless of target (Amayreh &
Dyson, 1998; Sander, 1972; Zhu & Dodd, 2000). Nevertheless, even with regards to this one
criterion, 75% and 90% are not one and the same — “more than 75%” is not the same as
“90%”. Jeng (2013) offered another definition of group-level acquisition, judging a sound as
having been acquired if 70% of children in an age cohort produced it correctly in each of the
two items in a picture naming task. Some authors have considered individual-level criteria
instead, but this has been confounded by the number of opportunities children were given to
produce the sounds. Zhu and Dodd (2000) considered a sound as ‘stabilised’ if it was
produced correctly two out of three times whereas Jeng (2011) judged a sound as having
been acquired when a child produced it correctly in two tested items. Yet others did not
explicitly specify any criteria (e.g., So & Zhou, 2000).

Not only have there been different individual- vs. group-level criteria; different paradigms
have also been used to elicit children’s responses. Most researchers employed picture
naming tasks (e.g., Jeng, 2013; So & Zhou, 2000; Zhu & Dodd, 2000), which meant that
pictures and objects served as primes for recall. Mok et al. (2019) note that the result of only
administering a small number of words for picture naming means that production
performance may be overstated. Meanwhile, Hsu (1996) and Lou (2020) were among the
few researchers who examined children’s spontaneous speech productions (i.e., no primes
offered). Naturalistic studies provide us with a different method of examining children’s
production patterns because the children are producing the words themselves and are not
restricted to certain pictures. Given that the focus of the present thesis is on the segmental
and tonal templatic patterns that can be found in the spontaneous speech productions of a
small number of children, it also seems most appropriate to adopt the child-specific
acquisition criteria that have been developed for identifying templates and which will cater to
each of the children’s unique developmental patterns. The child-specific acquisition criteria
used by researchers in the field of child phonological templates (cf. Vihman, 2019) are thus
adopted for this study: a consonant was considered ‘acquired’ if a child produced it

accurately at least twice in different words within a session, and this is considered ‘acquired’
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from the very first session that this occurs; a consonant was considered ‘marginally acquired’
if the child produced it accurately only once within a session, and not acquired if the child
produced it only as substitutions.

Given the high incidence of fricatives (and affricates) in Mandarin, it also makes sense that
this consonantal manner (see earlier discussion in section 1.1) be the segmental
phonological contrast of focus in this study. Additionally, when creating stimuli for
experiments, e.g., creating nonwords to test children’s phonological memory (Edwards et al.,
2004; Gathercole, 2006), researchers have also been careful to match the phonotactic
probability of occurrence of sounds in a language (cf. Vitevitch & Luce, 2005) in order to
emulate the characteristics of the language as much as possible. Thus, manner of
articulation is also used as the control factor in the creation of nonword stimuli for an
experimental task of nonword repetition in Mandarin in the present thesis (see details in
section 3.2.1).

In learning an increasing number of words with increasing complexity, patterns may also be
found in consonant sequences of disyllabic words, i.e., how children respond to two onsets
in tandem. Children’s use of word structures (the whole-word characteristics of words) or
substitutions in response to challenges in words (also considered ‘compensatory strategies’
cf. Menn, 1983; O’Seaghda et al., 2013) has been found to differ across languages (Stoel-
Gammon & Stemberger, 1994; Vihman, 1978; Vihman, 2019), which indicates effects of the
ambient languages. Consonant harmony and reduplication are generally children’s preferred
structures (Stoel-Gammon & Stemberger, 1994; Vihman, 1978), but they are not universally
found across all languages. Vihman’s (2019) study of 7 language groups of children at the
25-word point (US English, UK English, Estonian, Finnish, French, Italian and Welsh) found
that consonant harmony was prevalent amongst all groups except Welsh (also see one of
the earliest studies, Vihman (1978), which showed low rates of consonant harmony in
Cantonese compared to other languages. Kehoe (2015) reported on the word templates
used in three Spanish- or German-learning children at the 25wp: there was a higher

proportion of variegation by children learning Spanish than those learning German.

2.2.1.1 Identification of templates in consonant sequences and word structures

The most recent systematic study of acquisition of segments and word structures in children
learning Mandarin was Lou (2020). Lou looked at Mandarin word production in children
between the beginning (the ‘4-word point’, 4wp) and end (the ‘25wp’) of the single-word

period and tried to examine if there was evidence of templatic usage in the children’s words.
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The 4wp is the first month in which the child spontaneously and reliably produces four or
more adult-based words in a half-hour session, and has been established in the literature as
the beginning of lexical use (Vihman, 1996). The 25wp then marks the end of the single-
word period: it is the first month in which the child spontaneously and reliably produces 25 or
more words and may also begin to combine words. It is an important milestone as this is
where phonological templates may begin to be observed in children’s speech (Vihman,

2019, as mentioned in Chapter 1).

In terms of segments, at the 4wp (roughly 13 months of age, in Lou’s study), most of the
children produced /p, t/, a few other children additionally produced /m, n/ and one child
additionally produced /g, te/. At the 25wp (roughly 18 months of age), all the children
produced these consonants more reliably, with the proportion of fricatives/affricates being
higher than that of nasals, reflecting the proportions in the language. This pattern of findings
resembles those of Li and To (2017). Certain children also either selected /k/-, /t/- and /te/-
initial words or adapted other words to fit these onsets: this was presented as evidence for
templatic use at the 25wp. In terms of word structures, the children made the most use of
CVglideV or CVC. Child forms at both the 4wp and 25wp were mostly either reduplicated or
variegated, reflecting the frequency of these structures in the mothers’ input. Consonant
harmony was rare; children learning Mandarin do not tend to make use of harmony for
variegated targets (see discussion in Vihman et al., 2022). The templatic patterns that might
occur in consonant sequences at the end of the single-word period/beginning of the word

combination period have yet to be established. These will be explored in this study.

2.2.2 Tone

In general, tone has received more attention than segments in the developmental literature
on Mandarin. The acquisition of tone has long been of interest to researchers (e.qg.,
Clumeck, 1980; see Singh & Fu, 2016 for detailed review). In the perception literature,
researchers have studied the discrimination of lexical tones by tone learners (e.g., Tsao,
2017; Yeung et al., 2013) vs. non-tone learners (Go6tz et al., 2018; Liu & Kager, 2014;
Mattock & Burnham, 2006) and the lexical integration of tone by tone learners (Gao et al.,
2011; Singh et al., 2015) and non-tone learners (Quam & Swingley, 2010; Singh et al.,
2008). Most studies on Mandarin production have been geared towards establishing the
order of tone acquisition. Some claim that T1 and T4 are acquired before T2 and T3 (Li &
Thompson, 1977; Lou, 2020, Zhu, 2002); Wong (2012, 2013) proposed a correlation

between order of acquisition and articulatory complexity: T4 > T1 > T2 > T3, while others
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provided yet a different order of tone acquisition along with ages of acquisition: T1 = T2
(2,0) > T4 (2;6) > T3 (3;0) (So & Zhou, 2000).

Of more interest and relevance to the present study are production studies examining when
children can be said to have attained ‘tone mastery’ (see further discussion of ‘mastery’
below) (e.g., Clumeck, 1977; Li & Thompson, 1977; Wong & Strange, 2017; Xu Rattanasone
et al., 2018; Zhu, 2002). The first recorded Mandarin production study was Chao’s (1951;
cited in Wong et al., 2005) study of his 28-month-old granddaughter’s Mandarin language
abilities. Chao did not provide details about her tone production except that tones were

produced correctly and that she had some difficulties with the tone sandhi rules.

As with the order of acquisition of consonants, the purported age of ‘mastery’ has also been
inconclusive, as different groups of researchers administering different paradigms have
found age differences. Using picture naming tasks, some researchers found that children
aged 1.5 to 4 years make few errors on tone (Zhu & Dodd, 2000) or have mastered tone
acquisition by the time they are aged 2 to 3 years (Li & Thompson, 1977). Zhu's (2002)
longitudinal study of children from 10 to 24 months revealed accurate production of all four
tones before age 2, but Clumeck’s (1977) longitudinal study of three children between 1 and
3 years of age found that tone production had not been mastered at age 3 years. Once
again, it is unclear what ‘mastery’ meant (e.g., a certain percentage match to target, zero
error etc.). Furthermore, Li and To (2017) stated that many of the authors of the studies they
reviewed did not discuss tone acquisition at all as their participants were older than 2.5 years

and tone was assumed to have already been mastered by then.

While there are at least some criteria for the acquisition of segments in Mandarin (see
section 2.2.1 above), no one seems to have proposed a corresponding percentage of
occurrence for Mandarin tones (although Mok et al., 2019 report that So and Dodd, 1995,
defined a tone as being acquired in Cantonese when it was “used contrastively on at least
50% of opportunities or correctly on 90% of opportunities” [p. 484], without further
explanation). The general trend for studying tone seems to be to measure how adult-like
children’s productions of tones are. Using a combination of experimental methods — Wong
and colleagues (Wong et al., 2005; Wong, 2012; Wong & Strange, 2017) elicited tone
productions by children aged between 2 and 6 years and had adults make judgements of
these productions; Xu Rattanasone et al. (2018) administered a picture naming task to
children aged between 3 and 5 years then ran acoustic analyses on their productions —
these authors all report inconsistent and non-adult-like tone productions even in children up

to 6 years of age. A similar pattern of inconsistencies has also been reported for Cantonese
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— earlier studies (e.g., So & Dodd, 1995; To et al., 2013) claim that children produce tone
accurately by age 2;0 or 2;6 but more recent studies by Mok and colleagues (2019) have
also found non-adult-like tone productions even in 6-year-olds.

If ‘mastery of tone’ is thus defined as how similar the tones children produce are to the
target, then the physiological limitations in speech motor control may be a reason why tones
are not adult-like even by age 6 (Munson et al., 2011; Li & Munson, 2016; Wong, 2012;
Wong et al., 2017). Tone is a function of the rapid modulation of the vocal cord muscles,
which tense or relax, depending on the tone (Ohala, 1978; Sagart et al., 1986; Wong, 2012)
and precise speech motor control is needed to differentially produce acoustically similar
tones (Wong et al., 2017). It is unlikely that children are fully equipped yet with the hardware
needed to adjust the differences among tone categories by age 6 as the vocal folds are not
fully developed until adolescence (Crelin, 1987; Kent & Vorperian, 1995; cf. Li & Munson,
2016 oromotor maturation hypothesis). Some tones are easier to produce than others, for
example, T4 is articulated by decreasing vocal fold vibration or releasing the tension of
laryngeal muscles, resulting in a natural falling contour. The process of acquiring tone is said
to be a protracted one, and influenced by the production intricacies of the respective tones
(Wong, 2012); Wong (2013) thus proposed the following order of acquisition, as mentioned
earlier, which corresponds to increasing complexity: T4 >T1>T2 > T3.

However, Mok et al. (2020) contend that if successful acquisition of tones is to be based on
comparing children’s emerging productions against adults, who presumably have “ceiling
accuracy” (p. 12), then that might underestimate children’s abilities. They propose that
successful acquisition be considered as children’s meaningful use of tones instead, i.e.,
above chance level; this allows room for development as a result of production practice in
adult-like accuracy (cf. maturing speech motor components, Li & Munson, 2016) and fine-
tuning among the tone contrasts. This above-chance level definition will be adapted for the

present study to suit disyllabic Mandarin stimuli (see details in section 3.3.3.2).

Most researchers have focused on the acquisition of single tones; fewer have examined the
developmental trajectory of disyllabic tone sequences. Studying children’s productions of
disyllables allows for the study of words that may undergo T3 sandhi processes and the
acquisition of TO (which typically does not occur in isolation, Zhu, 2002). In perception
research, children have been found to reliably comprehend T3 sandhi forms from age 3
years (e.g., Chen et al., 2010; Wewalaarachchi & Singh, 2016), while researchers studying
production have found that children of a similar age do not yet reliably produce them (Wang,
2011).
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Developmental differences have also been observed in a productive application of the T3
sandhi process to novel disyllabic or trisyllabic word structures: Tang et al. (2019b) found
that 3-year-olds could apply the rule to disyllabic word structures, but that 5-year-olds still
performed differently from adults when they encounter trisyllabic word structures that could
be left- [(00) 0] or right-branching [0 (00)]. However, even adults were found to be less
consistent in applying T3 sandhi rules than the half-T3 sandhi rule (i.e., just the falling 21
pitch of the 214 contour) that typically occurs with words preceding T1, T2 or T4, in response
to disyllabic ‘wug words’ made up of accidental gaps in the Mandarin syllabary (i.e.,
phonotactically possible syllables that happen not to be existent words, cf. ‘tonotactic
accidental gaps’ in section 3.2.1, on the creation of nonword repetition stimuli) (Zhang & Lai,
2010). In general, both children and adults make use of the heuristics that the language
offers — lexical knowledge, morphological structure and frequency of occurrence of sandhi

forms — to guide their productive sandhi responses (Tang et al., 2019b).

Furthermore, TO is said to be acquired later than the lexical tones, and to be potentially
mastered only by 4,6 (Tang et al., 2019a). Chen and Xu (2006) posit that given the
characteristics of TO, it is not surprising that it should be challenging for children to acquire.
Based on their thorough investigation of FO contours of TO syllables, Chen and Xu postulate
that TO has a mid-level pitch (about the midpoint of the highest and lowest FO values of the
full tones) independent of its neighbouring tones, but its weak articulatory production is
probably the cause of the large amount of variability observed. Their regression analyses
reveal that the variations found in the FO of the TO syllable were mostly due to the FO height
and the velocity of and from the preceding full tone (cf. Xu, 1997). TO, being produced with a
weaker force than the other tones, is subject to more influence from the preceding tone.
Furthermore, TO syllables are only half the length of full tone syllables (Lin & Yan, 1980,
cited in Chen & Xu, 2006), so a lack of time limits the child’s ability to reach the target.

In the acquisition literature, Zhu and Dodd (2000) report that no three-year-olds successfully
produced all TO words accurately, with some even omitting the TO syllable entirely; less than
40% of 4-year-olds produced TO, indicating a longer and slower rate of development for TO.
Errors with the TO syllable include the substitution of TO by a full lexical tone (a phenomenon
also observed in Singapore Mandarin: cf. Shang & Zhao, 2013, 2017; see section 2.4 below)
or the lengthening of the usually-shorter TO syllable (Li & Thompson, 1977; Tang et al.,
2019a; Zhu & Dodd, 2000). Once again, developmental differences were observed in a
productive application of TO to novel word forms: Tang et al. (2019a) required children to
generate new disyllabic words with a lexical tone and neutral tone. They found that 3- and 4-

year-olds could apply the neutral tone category in these novel word formation tasks, but the
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productions were not yet adult-like (cf. Wong et al., 2005; Wong, 2008). The younger
children produced a more falling pitch contour for the neutral tones, seemingly producing
them as the falling T4 instead.

2.2.2.1 ldentification of templates in tone sequences

A recent approach to studying tone sequences has been Mok and Lee’s (2018) adoption of
the idea of ‘phonological templates’ (Vihman & Croft, 2007; Vihman, 2019) for identifying
tone templates in Cantonese. Mok and Lee (2018) first identified this phenomenon in their
study of five 2- and 2.5-year-old children simultaneously learning Cantonese and English in
Hong Kong. They analysed the tone productions of the children’s speech in both Cantonese
and English and found a difference between the three Cantonese-dominant bilingual
children and two who were less proficient in Cantonese. The latter group seemingly adopted
a ‘high-low’ template (T1-4) for predominantly reduplicated disyllables in Cantonese. The
authors proposed that this was due to cross-linguistic transfer of the natural drop contour of
the stress patterns in trochaic English words (e.g., mother, brother; stressed syllable in
bold), which make up 90% of English disyllabic words (Cutler & Carter, 1987) to the
children’s Cantonese productions. In a further analysis, the authors found that the more
Cantonese-dominant children also produced the ‘high-low’ template at an earlier point, when

their Cantonese was less proficient.

Mok and Lee (2018) acknowledge that the ‘high-low’ template found in their study was
similar but not identical to the phonological template proposed by Vihman and colleagues.

Mok and Lee explain several differences between the two:

- Vihman’s phonological template referred to “certain segmental combinations” (p. 15,
italics added) while the ‘high-low’ template was a tone template and therefore a
suprasegmental feature. Given that the initial samples on which the term
‘phonological template’ was introduced was first based on non-tone languages, the
lack of reference to suprasegmental features like tone is understandable.
Nonetheless, “prosodic and rhythmic structures of the adult languages can also
influence the shapes of the templates” (p. 15), which gives the option of expanding
the term ‘templates’ to cover ‘tone templates’ (and other features) as well.

- Vihman’s phonological template has been found mainly in children who were at the
one-word stage whereas Mok and Lee’s children were beyond that stage when they
produced the template. However, the phonological templates that have been

identified have from previous work have been on monolingual populations or bilingual
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populations learning two non-tone languages. Perhaps learning English together with
a tone language like Cantonese, two languages with such contrasting phonological
structures, extends the length of time on which children may still be using templates
to support their word production.

Nonetheless, Mok and Lee propose that the co-occurrence of both ‘inaccurate’ (i.e., use of
templates) and accurate (adult) forms fits in with the idea that phonological development is a
U-shaped process where, rather than representing the loss of an ability or system,
phonological abilities are being reorganised with language use and learning (cf. Werker et
al., 2004). This is in line with Vihman’s phonological template definition that templates are
constantly evolving and reorganising depending on the child’s phonological repertoire (see
Chapter 1).

Mok and Lee (2018) conclude that the ‘high-low’ template in their study could be viewed as a
subtype of Vihman’s phonological template. The authors also highlight that their template
occurred predominantly in reduplicated words. In the Chinese languages, reduplication is a
morphological process (cf. Li & Thompson, 1981) often used in child-directed speech
(Matthews & Yip, 2011; but see the discussion sections of 4.1 and 4.2 for reduplication in
Mandarin that extends beyond child-directed speech; cf. also Lin, 1990). Mok and Lee
suggest that the children may be applying a diminutive morphological template to a tonal
pattern that is similar to diminutive forms in English (e.qg., kitty, doggy), always produced in a
trochaic (‘high-low’) pattern. The authors urged future researchers to explore if the ‘high-low’

template (or potentially other tone patterns) could be found beyond reduplicated forms.

In a pilot of the present study, data from two children in Yorkshire, UK, was analysed (Choo
et al., 2019). These children were exposed mainly to Mandarin at home and to English in the
wider society. There was a prevalence of a T1-0 tone template among the children’s
Mandarin words (Choo et al., 2019), similar to but different from Mok and Lee’s high-low
T1-4 template, but the template was not exclusive to reduplicated forms, unlike Mok and
Lee’s predominant finding. Children in Singapore are exposed to multiple languages at home
and in the environment, including English and other Chinese languages (see Chapter 3 for
further discussion). Hence it would not be surprising to see a cross-linguistic element of
English stress patterns being adapted to Mandarin words in the present study as was found
in Mok and Lee (2018) and in the pilot (Choo et al., 2019).
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As mentioned earlier (section 2.2.1.1), the most recent systematic study of children’s word
productions in Mandarin between the 4wp and 25wp by Lou (2020) also examined the
acquisition of tone and tone templates. In terms of tones, Lou found monosyllabic tone
templates in her children’s productions at the 4wp but not the 25wp. At the 4wp, T1 and T4
were selected for production as well as substituted for the other tones, leading to high
frequency of usage with moderate precision. The high perceptual salience of these tones
and the considerable babbling practice children have had with them (cf. Lou et al., 2018) led
to their using and over-using the tones. However, these were no longer templatic by the
25wp. For disyllabic sequences, Lou found that children favoured two tone sequences with
T1 in the first syllable (T1-4 and T1-0, the first of which is similar to the Cantonese T1-4
pattern found in Mok & Lee, 2018), but Lou deemed these two tone sequences as not being
templatic at either the 4wp or 25wp time points because they were used mostly as
substitutions. It remains to be seen whether disyllabic tone templates can be found at the

end of the single-word period/beginning of the word combination period in Mandarin.

2.3 The (a)symmetry of segmental and tonal information in Mandarin

Work with a diverse group of languages (e.g., Chinese languages: Mandarin, Cantonese;
Germanic: English, Dutch; Japanese; Romance: French, Spanish) has shown that the
phonological structures of languages shape how words are represented in the respective
languages. Speakers of different language groups use different units to segment speech into
words, e.g., stress influences the syllabification in European languages (e.g., Cutler et al.,
1986 on English and French; Sebastian-Galles et al., 1992 on Catalan and Spanish) and the
preferred units of processing are syllables in Mandarin (e.g., Tseng, 1998; Feng et al., 2019)
and morae in Japanese (e.g., Otake et al., 1993). These findings are corroborated by
evidence from speech error analyses which show that errors reflect the characteristics of the
language (some errors associated with consonants and vowels can be used to explain tone
errors in Thai, Gandour, 1977; whole-syllable errors are rare in English but not in Mandarin,
Chen, 1993; 2000; morae rather than segmental errors are found for Japanese, Kubozono,
1989), and in experimental studies which use novel words that adhere to the phonotactics of

a language (e.g., Dell et al., 2000; Smalle et al., 2017).

Within the Mandarin syllable, researchers have found an asymmetry in the processing of
segmental and tonal information. Work with adults testing the dissociation of syllable vs.
tonal processing in perception studies have made use of priming paradigms that differ in a
range of factors (e.g., task, inter-stimulus interval, position of overlap between prime and

target and lexical status of primes, cf. Zwitserlood, 1996). Some authors found that
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segmental information was responded to more quickly than tonal information (e.g., Chen et
al., 2002; Lee, 2007). A relative tonal advantage was then found in situations where top-
down processing was involved (e.g., in the presence of white noise or having to make
judgements of words when embedded in sentential or idiomatic contexts, cf. Liu & Samuel,
2007; Sereno & Lee, 2015). The few production studies (e.g., Qu et al., 2012; Yu et al.,
2014) show an advantage of segments as opposed to the predominantly judgement-based
perception tasks that show a syllable over segment advantage. No study of production has

compared segmental information and tonal information so that remains to be done.

How does one reconcile these opposing findings? Mandarin has a simple syllable structure,
S0 any change in the individual segments may cause a disproportionate amount of change,
unlike, e.g., English. Thus, it may be difficult to compare the findings from different studies all
modifying different parts of the stimuli to different extents. This is especially so for the
studies manipulating the onsets of words, which have been shown to be a crucial unit of
processing, especially in models of word recognition in European languages that postulate a
serial order of processing (cf. Shattuck-Hufnagel, 1987, Marslen-Wilson & Tyler, 1980;
McClelland & Elman, 1986) and some researchers on Mandarin who have also reported
successful primes with word onsets (e.g., Qu et al., 2012; Yu et al., 2014). Studies of English
phonological errors show that the resultant item is often a real word (e.g., Fromkin, 1973);
this finding is likely more pronounced in Mandarin, where any change to one or more
segments is all the more likely to result in another real word as well (Wan & Jaeger, 1998).
Indeed, according to Deng and Dang (2007; see also Zhu, 2002 who cited the Xiandai
Hanyu Cidian ‘Modern Chinese Dictionary’), disregarding tone, there are only about 400
unique syllables in Mandarin while there are about 9,000 in English (Huff, 2017; Levelt et al.,
1999 cite 12,000 unique syllables in English).

In the acquisition literature for Mandarin, a group of researchers have found developmental
differences in the asymmetry of segmental and tonal information. In a series of
mispronunciation studies using the preferential looking paradigm, Wewalaarachchi and
colleagues (Singh et al., 2015; Wewalaarachchi et al., 2017; Wewalaarachchi & Singh,
2020) have found developmental differences (toddlers vs. preschoolers vs. kindergarteners)
and population differences (monolingual Mandarin-speaking vs. bilingual Mandarin-English-
speaking) in sensitivity to segmental (consonant and vowel) and tonal mispronunciations. In
all of these studies, the naming effects in four conditions (correct pronunciation, consonant
mispronunciation, vowel mispronunciation and tone mispronunciation) were calculated.
Singh et al.’s (2015) study was on bilingual-Mandarin-English-speaking children; they found

that toddlers (2.5- to 3.5-year-olds) were more sensitive to tone than to consonant and vowel
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mispronunciations, i.e., they found it more difficult to recognise the target when tones were
mispronounced than when consonants or vowels were mispronounced. In contrast,
preschoolers (4- to 5-year-olds) were more sensitive to consonant and vowel
mispronunciations than to tonal ones, seemingly becoming less sensitive to tone information
as they got older. Perhaps the acoustically salient tone helps younger children learn words

early on, but as their lexicon grows, segmental information becomes more important.

Two follow-up studies examined the age and population effect in more detail.
Wewalaarachchi et al. (2017) tested monolingual Mandarin-speaking and bilingual
Mandarin-English-speaking 2-year-old children and found that the monolinguals
demonstrated equal sensitivity to vowel and tone mispronunciations and least sensitivity to
consonant mispronunciations. On the other hand, the bilinguals demonstrated a decreasing
order of sensitivity to vowels, consonants, then tones. Wewalaarachchi and Singh (2020)
examined the performance of monolingual Mandarin-speaking and bilingual Mandarin-
English-speaking 6-year-old children and once again showed that both groups were more
sensitive to consonant and vowel mispronunciations than tone mispronunciations. They
concluded that tone sensitivity seemingly attenuates as children get older, independent of
whether they are from a monolingual or bilingual language background. Implementing a
different experimental paradigm of novel word learning with monolingual Mandarin-speaking
2- and 3-year-olds, Ma et al.’s (2017) findings corroborate those of Wewalaarachchi and
colleagues’: Ma et al. also found a decline in tone sensitivity with age. At an older age, vowel
information becomes more important than tone information and remains the most

constraining source of lexical contrast (cf. Tong et al., 2008).

The kinds of dissociation between segmental and tonal information in Mandarin-learning
children in Singapore have not yet been systematically studied. Children in Singapore are
exposed to multiple languages at home and in the environment. The bilingual education
policy dictates that children grow up bilingual and learn to speak English and an official
‘mother tongue’ of Mandarin, Malay or Tamil (determined by father’s ethnicity, regardless of
actual usage at home, cf. Stroud & Wee, 2010). The children may also be exposed to other
Chinese languages spoken by the grandparent or great-grandparent generations, who

speak only those languages. A discussion of Mandarin as it is used in Singapore follows.

2.4 Mandarin in Singapore

Mandarin in Singapore is known as ‘Huayu’. The Singapore government deliberately

adopted a different name, a departure from the ‘Putonghua’ used in Mainland China so as to
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afford some distance between the two countries (Guo, 2007; Shang & Zhao, 2013).
Nonetheless, the variety of Mandarin taught in Singapore emulates the Beijing Mandarin
variety of Putonghua in China. Again, due to reasons relating to political sensitivity, the
Singapore government has never explicitly mentioned using Putonghua or Huayu as the
standard in Chinese language education and assessment (Shang & Zhao, 2017). Again,
nonetheless, when Mainland China changed their writing system to the simplified script and
introduced the use of Hanyu Pinyin to aid their teaching instruction of the pronunciation of
Chinese characters in 1973 (Ang, 1994; Shang & Zhao, 2013), Singapore followed suit.
Interestingly, there are more similarities between the phonology of Singapore Huayu and
Taiwan Guoyu, due to the fact that a large proportion of the Chinese population in both
countries speak Hokkien (one of the endogenous languages in Singapore, Lim, 2007; or
‘Taiwanese’, as termed in Taiwan; Hokkien and Taiwanese are both dialects of Southern
Min) and the popularity of Taiwanese drama series, pop music and entertainment
programmes in Singapore (Chong & Tan, 2013; Shang & Zhao, 2017). Because the use of
‘Huayu’ is only familiar to Singaporeans, the general term ‘Singapore Mandarin’ will be used
throughout the rest of the thesis except when comparing with other varieties.

Shang and Zhao (2013, 2017) proposed that Singapore Mandarin can be categorised along
the acrolect-mesolect-basilect continuum (cf. Platt & Weber, 1980). The acrolectal variety of
Singapore Mandarin resembles Beijing Putonghua in most linguistic aspects, with the
exception of uniquely Singaporean lexis. It is the language used in education, the media and
proficient speakers in formal contexts. The mesolectal variety is the one predominantly used
by Singaporean Mandarin speakers on a daily basis in non-formal engagements. The
basilectal variety diverges the most from Putonghua, with its influence from the other

languages in the environment and large amounts of code-switching among these languages.

2.4.1 Segments

The “core” (cf. Chew, 2007) of the phonology of Singapore Mandarin is Beijing Putonghua
with additional uniquely Singaporean attributes (Chen, P., 1999; Shang & Zhao, 2013).
Based on the video recordings from Singaporean children and their parents, Chen (1986)
delineated the salient segmental features in Singapore Mandarin and found different
realisations of the pronunciations of Mandarin in Singapore and Beijing Putonghua. The

differences in varieties are presented in Table 2.1.
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Table 2.1: Differences in realisations of consonants and vowels in Beijing Putonghua and

Singapore Mandarin (from Chen, 1986)

Beijing Putonghua | Possible realisations in Singapore Mandarin
ts ts, ts

tgh tsh tsh

s s, s, [as in English

1 1, dz*3, |*

[ 6, S

X h as in English, f*, w*
[ [, 1, n*

initial n n, I*

final n n, n

final n n,n

ol )

¥ 9

€ e

ie ic, ie

uo uo, ud

ye YE, ye

iou iou, iu

uei uei, ui

ien ien, ien

yan yan (very rare), yen, yen
un un, on, an

iun iun, ion, ion

* see footnote; T rhotacisation; see in-text below

However, as Chen (1986) was approaching the issue from a pedagogical standpoint and
comparing the Singapore Huayu pronunciation against the Putonghua standard, the latter of
which the large majority of the Singapore population do not speak, she deemed the
deviations ‘errors’. For instance, Chen (1986) found that Singaporeans did not use
retroflexed consonants or vowels very reliably, as did Lock (1989), but this is not surprising
as the use of retroflexion is rare even in Mainland China outside of Beijing, the variety on
which Putonghua is based (Chen, 1986; Lock, 1989; Shang & Zhao, 2017; Zhu, 2002). Lock
(1989) notes that many of the features that do not appear in Singapore Huayu or Taiwanese
Guoyu do not occur in Mainland China outside Beijing either. Even though the Mandarin
television broadcasting company (then Radio Television Singapore, now Mediacorp)

recruited Mainland Chinese as television and radio newscasters (Chen, 1986; Shang &

3 Anecdotally, all cases marked with * are more prevalent in people in Singapore aged over 60. For instance, in
this study, Fu Zhen’s grandmother, who was her interlocutor, produced Jon2 ‘person’ as lan2. The i to |
substitution is likely cross-linguistic influence from the corresponding Hokkien term lan2.
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Zhao, 2013) and teachers (Lock, 1989) and Singapore has since seen an increasing number
of Mainland Chinese immigrants in the service and labour industries, the predominant variety
of Mandarin spoken in Singapore is still Huayu, not Putonghua. Additionally, as previously
mentioned, there is more resemblance between Singapore Huayu and the Taiwanese
Guoyu than Beijing Putonghua.

The use of rhotacisation in Beijing Putonghua is also said to be infrequently occurring in
Singapore Mandarin (Lock; 1989; Shang & Zhao, 2013). Rhotacisation is unique to Beijing
Putonghua, may appear in words that are “common, familiar or small” (Zhu, 2002, p. 38),

and may carry diminutive or negative connotations.

2.4.2 Tones

The use of neutral tone (T0) in Beijing Putonghua is also said to be infrequently occurring in
Singapore Mandarin (Lock, 1989; Shang & Zhao, 2013). The previous finding for the lack of
use of TO in Singapore Mandarin is similar to Chen and Kent’'s (2009) finding in Taiwanese
Mandarin. For Taiwanese Mandarin, TO are commonly produced as short mid-falling tones.
For Singapore Mandarin, syllables that are typically realised with the TO are said to be
produced as one of the four basic tones (Shang & Zhao, 2013). For example, based on the
regular and irregular weak stress categories Zhu (2002) delineated (see section 2.1.2),
Singapore Mandarin speakers would produce particles (e.g., la4, although different tones
attributed to ‘la’ affords different pragmatic meanings, see Lim, 2007), affixes (pi2tsjO ‘nose’
- pi2ts)3), reduplicated forms (gin1ein0 ‘star’ > ginisin1), and lexeme-dependent forms
(thou2fa0 ‘hair’ > thou2fa3 or thou2fa4) non-neutrally. Indeed, the mothers and children in the
longitudinal study produced various items non-neutrally, for example, for the tgie3teie0 ‘older
sister’ example (provided under the discussion on ‘Tone sandhi’ in section 2.1.2, although it
could also apply to the discussion on neutral tone as it is relevant here), mothers and
children produced it in myriad different ways, including: teie3tgiel, tgie3tgie2 and tse3tse2
(both mothers and children), tse3tsel and tse3tse2 (mothers only), and teltel, teeltgel and
te3te2 (children only) [examples taken from Tables 4.14 and 4.15]. Other examples are

discussed further in section 4.2.
Scholars have also noted differences in the tone realisations of Singapore Mandarin and

other varieties. Chua (2003, cited in Lee, 2010) notes that the tones in Singapore Mandarin

may appear ‘lower’ in general, presented in Table 2.2.
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Table 2.2: Tone differences between Putonghua and Huayu using Chao (1931) numerals
(Chua, 2003; cited in Lee, 2010)

Tone | Beijing Putonghua | Singapore Huayu
1 55 44

2 35 24

3 214 211

4 51 41

However, Lee (2010) states that Chua (2003) did not specify how the numbers were

assigned and that these were likely to be impressionistic judgements. Lee (2010) ran an

acoustic study to examine the realisations of the four tones. They found that tone influenced

syllable duration, in that T4 was significantly shorter than the other three tones, which were

not significantly different from one another. T4, the shortest tone in Singapore Mandarin, was

said to be more similar to Beijing Putonghua than Taiwan Guoyu, however, Tones 1, 2 and

3, which are similar in duration, were different from Beijing Putonghua (see below).

Lee (2010) depicted the tonal contours of the four tones in Singapore Mandarin in Figure 4

of their study, reproduced as Figure 2.1 below:
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Figure 2.1: Tonal contours of the four tones in Singapore Mandarin: (a) T1, (b) T2, (c) T4
and (d) T3, reproduced from Figure 4 of Lee (2010)
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Based on Lee’s (2010) analysis, T1 and T4 start at a high pitch, with T1 remaining high
throughout the syllable while T4 is high through the onset but then falls to a low level. T2 and
T3 begin at a mid-high level, with T3 falling to a low level. T3 in Singapore Mandarin is more
similar to T3 in Taiwanese Guoyu than in Beijing Putonghua: T3 does not end low, it is
realised as a dipping tone instead. The differences between T2 and T3 in Singapore
Mandarin have previously been reported to be negligible (Xu & Wang, 2004), which is not
surprising, given that Wang and Li (1967) showed in their tone perception experiment that
even adults could not tell these two tones apart. The interesting finding in Lee’s (2010) study
was that, with T2, there was a fall to a mid-low stretch before a rise to a high pitch level at
the end of the syllable — this mid-low stretch has not been recorded in other varieties: T2 in
Beijing Putonghua falls slightly before a rise (Xu, 1997), while T2 in Taiwanese Guoyu
remains level or dips slightly before rising towards the end (Shih, 1988, as cited in Lee,

2010). Acoustic contours are further presented and discussed in Chapter 4.

Given that past segmental and tonal comparisons of Singapore Mandarin with other varieties
have been with adults, the segmental and tonal realisations of children learning Singapore
Mandarin from adults who themselves may be speaking with these ‘uniquely’ Singapore
Mandarin realisations has not yet been recorded. The present study is an attempt at

examining the segmental and tonal representations of children learning Singapore Mandarin.

To recapitulate, the aim of the present study is to examine the possible use of segmental
and tonal patterns in the disyllabic words of children learning Singapore Mandarin, based on
the whole-word phonology approach. Children’s speech responses are studied in two ways:
by means of naturalistic observations of everyday spontaneous and imitated speech and an
experimental nonword repetition task in Mandarin. The study of the influence of long(er)-term
representations in children’s knowledge is thus complemented by a study of short-term
retrieval and production practice in nonword repetition. A discussion of the methodology

follows in Chapter 3.
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Chapter 3 — Methodology

3.1 Participants
3.1.1 Naturalistic study

Six children were video- and audio-recorded monthly in Singapore. Two children used
mainly English in the sessions and so were excluded from subsequent analyses. The
children and their parents were born in Singapore. Typical development was established
through parent report. The intention was to record them at the end of the single-word period
and the beginning of the word combination period, usually identified as the first session in
which children spontaneously produce 25 or more uniguely identifiable word types in a single
half-hour recording session (the 25-word point, or 25wp, Vihman & Miller, 1988, see Chapter
1 for discussion). Five recording sessions followed that first 25wp session, so most of the
children were recorded for six sessions®. Families were paid for their time after each

session.
3.1.2 Experimental study

Twenty-three 2-year-old children were recruited via word-of-mouth and social network
platforms in Singapore. Three children were deemed unsuitable (one parent did not interact
with their child; the other two children did not produce any responses for the nonword
repetition task), leaving the final sample of 20 children. The children and their parents were
born in Singapore. Typical development was established through parent report. Families

were paid for their time after each session.

3.2 Materials

Information sheet and consent form: The ethics committee from the Department of
Language and Linguistic Science, University of York approved the study before data
collection commenced. Parents were given an information sheet detailing the study (in

English and Chinese) and consent forms (in English and Chinese) to sign.

Vocabulary checklist (Singapore Communicative Development Inventory [CDI]; Singh et al.,
2022): After each recording the mother was given the CDI form fill in. This was a bilingual

form that had English and Chinese words on it. The mothers checked off the words their

4 One child, En Ting, had only five sessions in total due to scheduling conflicts.
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children understood and/or produced in Mandarin and English. The CDI served as a
measure of words children understand and say, so it is a good proxy for input to the children
as well as for child output.

The CDI was also used as a measure of ambient frequency of the language that the children
are exposed to: 1) the words were classified into categories of word structures (see
definitions in Table 4.4) for a measure of the ambient frequency of word structures in child-
directed speech; 2) the ambient frequency of tone combinations in child-directed speech was
also calculated. Reference to these frequency counts in the CDI will be made where

relevant.

Language background questionnaire (LBQ, Lee & Rickard Liow, 2015): The primary
caregiver (the mother in all cases) was given an LBQ to provide information on the
languages the child used to communicate with all caregivers, the age the child was first
exposed to the languages and the child’s proficiency in each language. Families were also
asked to provide information on how many hours each caregiver spent with the child and
how many hours the child spent in a nursery/child care centre, if any. Most childcare centres
in Singapore are standardised — the centres conducted their classes in Mandarin and
English for an equal number of hours each.

For the naturalistic study, of the four parent-child dyads, two parents spoke Mandarin to their
children exclusively, the other two spoke both Mandarin and English. Three families had a
helper at home who came from the Philippines or Indonesia and spoke English to the
children. For the experimental study, of the 20 families, 8 parents spoke Mandarin to their
children exclusively, the remaining 12 spoke both Mandarin and English. Fourteen had a
helper at home who came from the Philippines or Indonesia and spoke English to the
children. Regardless of Mandarin-dominant or balanced bilingual input, there were no
discernible differences between the two groups — all the children produced the patterns
found in the study, with some potential idiosyncratic preferences that related to the child
rather than the input (e.g., the vowel-consonant-vowel [VCV] syllable structure of Yan Min’s

real name might have primed her to produce more VCV words).

All the children either had grandparents living with them or visited their grandparents on the
weekends. The grandparents spoke in Mandarin or one of the other Chinese languages

(Hokkien, Cantonese and Teochew) to one another. Some grandparents spoke exclusively
in Mandarin to their children and grandchildren; others spoke in both Mandarin and English.

The ambient language inside and outside of home was thus a mixture of English, Mandarin

52



and other Chinese languages. Many children are thus simultaneous bilinguals, with
proficiency in English and Mandarin (and possibly other Chinese languages, depending on
whether the people who speak these languages serve as caregivers) differing by family.

3.2.1 Experimental study: Nonword repetition stimuli

In section 1.3.2, several issues with extant nonword repetition tasks were discussed. In order
to create nonwords that better match the frequency of the phonological structures of the
language, the frequency of segmental sequences and tone sequences of existing disyllabic
words were first calculated using the distributional frequency of the disyllabic words in the

Singapore Communicative Development Inventory (CDI; Singh et al., 2022).

The CDI served as a measure of the words children are exposed to in Singapore. Disyllabic
words were used because most words in Mandarin are disyllabic (70%; Institute of
Language Teaching and Research, 1986, cited in Zhou & Marslen-Wilson, 1995; Jin, 2011,
Zhu, 2002). This accords with the CDI: of the 634 words in the Singapore CDI, 372 (59%)
were disyllabic [195 (31%) were monosyllabic, 65 (10%) were longer than 2 syllables and 2
(<1%) were English-only with no Mandarin equivalents].

The distribution of segmental sequences in the CDI was examined first in order to establish
the segmental sequences that exist in the language and used to guide the creation of the
nonwords in the nonword repetition task. Segmental sequences refer to the manners of
articulation of the onset consonants of the two syllables of the disyllabic nonwords. In
Mandarin, 11 of 21 (52%) consonants that can occur in the onset position are fricatives (and
affricates, classed together as ‘fricatives’, F), followed by 6 plosives (P, 28%), 2 nasals (N,
10%) and 2 liquids (L, 10%). This manner of articulation proportion revealed that fricatives
dominated onsets, and indeed, the frequency of occurrence in the CDI follows this: 172 of
372 words (46%) in the CDI have fricative-onset consonants. Since the intention was to test
children on various possible onsets, an even spread among the manner of articulation of
word-onsets was ensured, instead of directly following the proportion in the language. These

are henceforth referred to as manner categories of consonant sequences.

Next, the syllable structure of the disyllabic nonwords was determined. Syllable structure
refers to the components that make up a syllable. In Mandarin, each syllable is mostly
consonant-vowel (CV), with the only CVC shapes ending with nasal /n/ or /n/. From the CDlI,

the 372 disyllables yielded the following proportions of possible syllable structures: open
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syllables in both syllables (S1 and S2; 188 words, 51%), nasal coda in S2 (77 words, 21%),

nasal coda in S1 (67 words, 18%) and nasal codas in both syllables (40 words, 11%).
The manner categories of the segmental sequences in combination with the syllable

structure of the disyllabic words in the CDI are presented in Table 3.1.

Table 3.1: Frequency distribution of manners of articulation of disyllabic words in CDI

Legend: P = plosive, N = nasal, F = fricative, L = liquid, C = consonant, V = vowel, monophthongs/

diphthongs/triphthongs are all represented by a singular V. Tables are ordered in terms of highest to

lowest of the manner categories of segmental sequences in the respective syllable structures.

(C)V (C)V (C)V (C)VN (C)VN (C)V (C)VN (C)VN
CV CV CV CVN CVN CV CVN CVUN
FV-FV 48 FV-FUN 20 FVN-FV 18 FVN-FVN 6
PV-FV 24 FV-PVN 9 FVN-PV 11 FVN-PVUN 5
PV-PV 18 PV-PVN 6 PVN-FV 10 PVN-PVN 4
FV-PV 17 PV-FUN 4 PVN-PV 7 PVN-FVN 3
NV-PV 10 NV-PVN 2 LVN-FV 4 FVN-NVN 2
NV-FV 7 NV-FVN 2 FVN-NV 3 FVN-LVN 2
FV-LV 5 FV-NVN 2 NVN-PV 2 LVN-PVN 2
NV-NV 4 PV-NVN 1 PVN-NV 1 PVN-NVN 1
FV-NV 4 PV-LVN 1 FVN-LV 1 PVN-LVN 1
LV-PV 4 NV-LVN 1 LVN-LV 1 NVN-PVN 1
LV-FV 4 LV-NVN 1 NVN-LVN 1
PV-LV 2 LV-LVN 1 LVN-FVN 1
NV-LV 2
PV-NV 1
CVV CV VN CVN V CVN VN
PV-V 6 FV-VN 10 FVN-V 2 PVN-VN 2
FV-V 6 PV-VN 1 PVN-V 1 FVN-VN 1
NV-V 4 NV-VN 1
LV-LV 1
V CV V CVN VN CV VN CVN
V-FV 9 V-FVN 6 VN-PV 2 VN-FVN 7
V-PV 6 V-PUN 3 VN-LV 2
V-NV 1 V-NVN 2 VN-FV 1
V-LVN 1

vV V N VN V VN VN
V-V 5 V-VN 3 VN-V 1 VN-VN 1
total =372 188 77 67 40

% 0.51 0.21 0.18 0.11
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For example, the frequency of fricative-fricative segmental sequence [FV-FV] words like
ciedgic0 ‘thank you’ was the most frequently occurring in the language (48 of 372 disyllables,
13%) whereas the frequency of two onset-less vowel-nasal segmental sequence [VN-VN]

words like uan3anl ‘goodnight’ was the least frequently occurring (1 of 372, <1%).

Each of these segmental sequences (i.e., [FV-FV], [PV-PV] etc., 74 in total) was ranked from
most to least frequently occurring, and a median split (N = 6) was used to classify them as

frequent or infrequent segmental sequences (Table 3.2).

Table 3.2: Frequent and infrequent segmental sequences in CDI

Legend: P = plosive, F = fricative and affricate, N = nasal, L = liquid, V = vowel.

frequent infrequent
FV-FV 48 FV-LV 5 PV-NV 1
PV-FV 24 FVN-PVN 5 PV-NVN 1
FV-FVN 20 V-V 5 PV-LVN 1
PV-PV 18 PV-FVN 4 PV-VN 1
FVN-FV 18 PVN-PVN 4 PVN-NV 1
FV-PV 17 NV-NV 4 PVN-NVN 1
FVN-PV 11 NV-V 4 PVN-LVN 1
PVN-FV 10 LV-PV 4 PVN-V 1
NV-PV 10 LV-FV 4 NV-LVN 1
FV-VN 10 LVN-FV 4 NV-VN 1
FV-PVN 9 FV-NV 4 NVN-PVN 1
V-FV 9 PVN-FVN 3 NVN-LVN 1
PVN-PV 7 FVN-NV 3 LV-NVN 1
NV-FV 7 V-VN 3 LV-v 1
VN-FVN 7 V-PVN 3 LV-LVN 1
PV-PVN 6 PV-LV 2 LVN-FVN 1
PV-V 6 PVN-VN 2 LVN-LV 1
FV-V 6 NV-PVN 2 FVN-LV 1
FVN-FVN 6 NV-FVN 2 FVN-VN 1
V-PV 6 NV-LV 2 V-NV 1
V-FVN 6 NVN-PV 2 V-LVN 1

LVN-PVN 2 VN-FV 1

FV-NVN 2 VN-V 1

FVN-NVN 2 VN-VN 1

FVN-V 2

FVN-LVN 2

V-NVN 2

VN-PV 2

VN-LV 2
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From Table 3.2, the distribution of syllable structures among segmental sequences revealed
a confound: syllables with nasal codas tended to be infrequent, and that syllables with
fricative-initials tended to be frequent. To ensure that performance on the repetition task was
not skewed by syllable structure, an equal number of syllables with and without nasal codas,
as well as syllables with fricative-initials was selected across frequent and infrequent
segmental sequences. As syllables with nasal codas appeared more in S2 than S1
(mentioned above), this pattern was followed for the nonword stimuli. The final choice of

segmental sequences is shown in Table 3.3.

Table 3.3: Selected segmental sequences from CDI for nonword repetition task

Legend: P = plosive, F = fricative and affricate, N = nasal, L = liquid, V = vowel.
The focus of the analyses are the segments coloured in red and blue. Bold: referenced in text.

segmental sequences
frequent  infrequent
NV-PV FV-NV
LV-FV PV-NV
PV-PVN PV-FVN
FV-FVN LV-PVN

Unfortunately, a coding error was made early in the study such that syllables that would
have been considered diphthongs and triphthongs by the Zhu (2002) notation (which was
the intended way of notation for this study, and which would have meant that they would
have been classified as vowel-initial) were incorrectly classified as glide-vowel instead. The
stimuli had to be recoded after the task had already been administered (the naturalistic and
experimental components of the study were run concurrently). This meant that the LV
sequences that contained [w] and [j] in the CDI were reclassified as VV, and the ‘LV-FV’
segmental sequence ended up being considered an ‘infrequent sequence’ amongst the CDI
words (because only /i/ and /I/ remained, both infrequently occurring onsets of words in the
CDI) while the ‘LV-PVN’ segmental sequence ended up being non-existent (because there
were no /i/- or /l/-onset words left with this sequence). Reconsidering ‘LV-FV’ as infrequent
and removing the ‘non-existent’ ‘LV-PVN’ nonword targets resulted in only 12 remaining
frequent segmental sequences and 16 infrequent sequences instead of an equal 16 each.
Nonetheless, whether the LV-FV and LV-PVN words were classified as originally planned, or
reclassified them following the detection of the error, that ended up making no difference to
the findings. The classification was therefore left as it was originally planned, i.e., when LV-

FV was counted as ‘frequent’ and LV-PVN was ‘infrequent’, as in Table 4.3.
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The distribution of tone sequences in the CDI was determined next in order to establish the
corresponding tone sequences for the nonword repetition stimuli (Table 3.4). Tone
sequences refer to the combination of the two tones of the disyllabic nonword stimuli. This
yielded 19 tone sequences. A median split (N = 19) was used to classify them as frequent

vs. infrequent tone sequences.

Table 3.4: Frequency distribution of tone sequences in CDI
Legend: Percentage (%) is calculated out of 372 disyllables in CDI.

tone sequences

frequent % infrequent %
T4-4 33 0.09 T2-1 17 0.04
T3-1 29 0.08 T4-3 16 0.04
T1-4 29 0.08 T1-2 15 0.04
T2-3 26 0.07 T2-0 15 0.04
13-4 24 0.07 T1-3 14 0.04
T1-1 23 0.06 T2-2 14 0.04
T4-1 22 0.06 T1-0 13 0.04
T4-0 22 0.06 T4-2 12 0.03
T2-4 19 0.05 T3-0 10 0.03
T3-2 19 0.05

Tone combinations that included the neutral TO were not included for selection, as speakers
of Mandarin in Singapore do not tend to neutralise syllable tones (Shang & Zhao, 2013,

2017). The final choice of tone sequences is shown in Table 3.5.

Table 3.5: Selected tone sequences from CDI for nonword repetition task

tone sequences
frequent infrequent
T4-4 T1-2
T3-1 T1-3
T1-4 T2-2
T2-3 T4-2

In terms of the selection of the nonword syllables themselves (to fit the manner categories of
segmental sequences PV, FV etc.), Wang et al.’s (1963) table of possible Mandarin syllables
was consulted first. There were gaps in this table where syllables do not presently exist in
the language. The nonword syllables in this study were selected using the gaps in the table
by matching existing consonant-onsets with existing nuclei that do not currently occur

together. None of the nonword syllables have consonant clusters or illegal codas. Unlike
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Wiener and Turnbull (2016), no ‘tonotactic accidental gaps’™ (existing legal syllables that
happened not to occur with a particular tone) were included. Wang and Huang (2016) had a
nonword pialtianl with an existing second syllable tianl ‘upside down’; here, none of the
nonword syllables had referents. The following exclusion criteria were used for the nonword

syllables:

1) Syllables were excluded if they sounded similar to the pronunciations of real words in
Mandarin for Singapore speakers (e.g., fon and mon were possible nonword syllable
candidates but they sound like fen1 ‘wind’ and man2 ‘blurry’)

2) Syllables were excluded if they contained onsets that children from the pilot study in
York (Choo et al., 2019, mentioned in section 2.2.2) produced infrequently (e.g.,
syllables that began with [f], [1] and aspirated fricatives and affricates). The set of
consonant onsets included was narrowed down to: [p, t, th, k, ts, s, h, m, n, I].

3) Syllables that contained the ‘y’ vowel were excluded due to children’s greater
difficulty with them as well as their perceptual similarity to ‘i’ (thus -y, -y, -yan and -

yn syllables were excluded).

The resultant syllables were then categorised into onsets with plosive, fricative (and
affricate), nasal or liquid consonants; they were then combined to form a disyllabic nonword,
while controlling for the variables mentioned. As far as possible, each nonword syllable
appeared in both syllable positions [first syllable (S1) or second syllable (S2)], and both
‘frequent segmental sequence’ and ‘infrequent segmental sequence’ categories. Some
syllables appeared only in either the frequent or the infrequent category because there were
more instances of that segmental sequence occurring in the respective categories (e.g.,
there were two frequent sequences with FV but only one infrequent sequence with FV).
Even if the segmental sequence had the same consonant manner across both syllables
(e.g., the PV-PN and FV-FN segmental sequences), a different consonant was used so
there were no nonword targets with consonant harmony (i.e., there were no nonword targets
such as pou3pon4 [the same p-onset used in the PV-PN sequence] or tsuai2tsuan [the
same ts-onset used in the FV-FN sequence]. The tone sequences were then added onto the

nonword syllable combination.

Frequent and infrequent segmental sequences, and frequent and infrequent tone sequences
were then crossed to arrive at four categories of nonword stimuli. The final list of 32 nonword

targets for the nonword repetition task is shown in Table 3.6.

5 For example, su is a legal syllable, with real words sul ‘puff pastry’, su2 ‘colloquialism’ and su4 ‘vegetarian’
among others; su3 would be a tonotactic accidental gap as there is currently no such lexical item.
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Table 3.6: List of nonword stimuli

Legend: P = plosive, F = fricative and affricate, N = nasal, L = liquid, V = vowel,
# = item number, bold: referenced in text.

Frequent segmental sequence

# | Frequent tone sequence | # | Infrequent tone sequence
NV PV 1 | miad pad 9 | mual thiou2

2 | nia3 theit 10 | nuail kia3
LV FV 3| lual hig4 11 | luei2 tsua2

4 | luai2 sua3 12 | lueid hiau2
PV PVN 5 | kioud pon4 13 | puail thin2

6 | pou3 tuan1 14 | tial kian3
FV  FVN 7 | seil hin4 15 | tsuai2 hian2

8 | suai2 tsuan3 16 | higd suan2

Infrequent segmental sequence

# | Frequent tone sequence | # | Infrequent tone sequence
FV NV 17 | tsuad mia4 25 | seil muai2

18 | hiau3 mual 26 | suail muei3
PV NV 19 | thiout nua4 27 | puai2 nia2

20 | kia2 nuai3 28 | tia4 nuei2
PV FVN | 21| pa4 hin4 29 | kioul hian2

22 | thei3 tsuan1 30 | poul suan3
LV PVN | 23] lueil pon4 31 | lua2 thin2

24 | lua2 tuan3 32 | luai4 kian2

Some of these syllables are similar (e.g., hin in this study vs. hio) or identical (e.g., kian, luai,
nua) to what Wang and Huang (2016) had. However, a Mandarin speaker consulted post-
hoc about the nonword stimuli expressed concern about the specific co-occurrence patterns
of some of these consonants and vowels, also put forth by other authors (e.g., Chen & Kent,
2005; Cheng, 1982; Luo, 1992). These authors note that in Mandarin, alveolar consonants
tend to co-occur with front vowels and labials and velars with back vowels, in concert with
Davis and MacNeilage’s (1990; 1995) frame-and-content theory and Clements’ (1991)
unified theory of place of articulation for consonants and vowels. Thus, some syllables in the
nonword task were made up of combinations where the onset consonant and the first vowel
of the nucleus do or do not exist in the language (the latter syllable types are in bold in
Table 3.6). For example, for the nonword seilhin4, se exists in the language (se4 ‘colour’),
to which %’ was added to make the nonword syllable sei. On the other hand, hi does not exist
in Mandarin presently (it is a glottal consonant with a front vowel, going against the ‘alveolar
with front vowel’ rule), thus the entire hin syllable is relatively less wordlike than sei. Wang
and Huang (2016) also had hio7khian1 as a nonword in their study, combining a glottal
consonant with a front vowel. Wang and Huang acknowledged that both children suspected

of DLD and the age controls in their study might have repeated the hio syllable more poorly
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for that reason. However, in the present study, preliminary analyses revealed no differences
in the performance of nonword targets containing part-syllables that presently exist or do not
exist in the language (the results of a wordlikeness judgement task also revealed no
differences in ratings of the nonword stimuli, see later section 3.2.1.1). Since there was no
difference, the final set of nonword stimuli analysed is as it appears in Table 3.6.

The first naturalistic play recording session of the experimental study (see section 3.3.2 for
the full procedure) was conducted to ensure that children could indeed produce all the ten
consonant onsets [p, t, th, k, s, ts, I, m, n, h] present in the nonword repetition task. Following
Vihman (2019), consonants were considered ‘acquired’ if they occurred at least twice in
different words, consonants were considered ‘marginally acquired’ if they occurred only
once, and not acquired if they only occurred as substitutions (cf. section 2.2.1). Using
Vihman'’s definition, a majority (17 of 20, 85%) of children had at least marginally acquired
the consonants [p, t, k, h, m, n], corresponding with Li and To (2017; previously mentioned in
Chapter 2) that [p, t, m, h] were among the first to be acquired. For the remaining
consonants [th, ts, s, I], 12 (60%) children had at least marginally acquired them. All the
consonants tested were thus those with which the majority of the children had had at least
some production experience, even if the children had not fully acquired the consonants yet.

Twenty words that were familiar to 2-year-old children were also selected from the
Singapore CDI and added to the repetition task to make the task less daunting (see
Appendix A for list of words). The responses to these words were not analysed.

3.2.1.1 Wordlikeness judgement task

To confirm that there were no differences in wordlikeness between the nonword targets with
extant part-syllables (i.e., the existent part-syllable se in sei but non-existent entire syllable
hin in the example above) that exist in the language and those that do not, a follow-up
supplementary wordlikeness judgement study of the nonword stimuli was created and
administered to adult native language speakers of Mandarin. Two items from Wang and
Huang (2016), pia tian and nua fai, were used as practice items. All the tone combinations in
Wang and Huang (2016) were T1-1 but the intention of the practice items was to emulate the
different tone combinations in the actual task, so the T1-1 combination was kept from Wang
and Huang for pialtianl, and the T1-4 tone combination, randomly selected from the tone

combinations used in the present study, was used for nualfai4.
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The 32-item questionnaire (with 2 additional practice items) was hosted online on Qualtrics

(https://qualtrics.com) and publicised to anyone who spoke Mandarin as a native

language/mother tongue. The ethics committee from the Department of Language and
Linguistic Science, University of York, approved the follow-up study before data collection
commenced. Thirty participants took part in the study. Participants were told to read through
the information provided and select ‘yes’ to consent before they could proceed. Anyone who
selected ‘no’ to consent was automatically redirected to the end screen. Email addresses
were collected to prevent spam. Email addresses of all participants were kept separately
from their data: The debrief was sent to these email addresses if participants selected ‘yes’
to the question asking if they wanted to receive the debrief; email addresses of the
remaining participants were discarded before data analysis commenced. All participants
heard the two practice items in the same order; the order of the remaining 32 items was

randomised across participants.

Participants were asked to rate how much they thought each word sounded like a possible
word in Mandarin (could the word be used for a new product or gadget in Mandarin, or does
it sound very strange and unlikely as a potential Mandarin word?) on a scale of 1 (sounds
extremely unlike a possible word in Mandarin) to 5 (sounds very much like a possible word in
Mandarin). They could listen to the audio files as many times as they liked before making a

response.

The stacked bar chart rating for each of the four conditions (‘freqcombo’: FSFT = stimuli with
frequent segmental sequences and frequent tone sequences, FSIT = stimuli with frequent
segmental sequences and infrequent tone sequences, ISFT = stimuli with infrequent
segmental sequences and frequent tone sequences, ISIT = stimuli with infrequent segmental
sequences and infrequent tone sequences ) are depicted in Figures 3.1 and 3.2, below. The
linear regression model to examine the possible interaction of segment frequency and tone

frequency on rating is presented in Table 3.7.
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Figure 3.1: Spread of ratings among the four conditions of nonwords (Legend: x-axis
represents the four categories of words, y-axis represents the ratings from 30 people x 8

words in each of the four categories, N = 240)
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standard error
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The overall mean of the ratings is 2.19 (SD = 1.19): the adults rated these nonwords on the

lower end of wordlikeness.

Table 3.7: Linear regression model for assessing the effect of segment frequency and tone
frequency on ratings

Estimate Std.Error tvalue Pr(>|t|)
(Intercept) 2.15 0.21 1050 <.001 ***
segfreqlS 0.11 0.23 0.50 0.62
tonefreqlT -0.04 0.23 -0.17 0.87
segfreq:tonefreq -0.001 0.32 0.00 1.00

Significance codes: 0 “***” 0.001 “**” 0.01 “*” 0.05“.” 0.1 “”
ImerTest::Imer(rating ~ segfreq * tonefreq + (1 | participant) + (1 | item), data = sample)

The default treatment coding in R was employed, thus the FSFT condition was the reference
level (intercept). The rating mean for IS was 0.11 higher than that for FS, meaning that the
frequent segmental sequences did not make the words more wordlike, but rather less so,
and the rating mean for IT was 0.04 lower than that for FT, meaning that frequent tone
sequences may have made words slightly more wordlike. However, as can be seen from the
stacked bar charts and the table, there is no significant difference among the four conditions
of nonwords. The adults rated the nonwords in each of the four conditions comparably —
there was no inherent difference in judged wordlikeness among the nonwords presented in
Table 3.6. The adult wordlikeness judgement ratings task confirmed that these nonwords

were comparable in terms of (non)wordlikeness.

3.3 Procedure

The recording equipment was a Zoom Q4 camera with Tascam D10L digital audio recorders
that recorded onto microSD cards. The videos were set to record in 1080 HD, .mp4 video
CODEC file format and the audio was set to record in 44.1khz, 16-bit .wav file format. The
child wore the microphone in a cloth vest that was placed unobtrusively as possible to
prevent the child from noticing it and handling it; parents clipped the microphone to the front
of their shirt. All the recording sessions were then transcribed via ELAN 6.2 (Nijmegen: Max

Planck Institute for Psycholinguistics).
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3.3.1 Naturalistic study

The children were video- and audio-recorded in their homes in a naturalistic play setting with
their mother for half an hour per session for six sessions over six months. The author offered
suggestions about reading to the children or playing toys with them but otherwise there was
no structure imposed in these sessions; she observed these parent-child interactions and
intervened as little as possible. For some children, grandparents were occasionally present

but their presence did not influence the recordings.

3.3.2 Experimental study

Two recording sessions were scheduled per child, one week apart, in the month of their
second birthday. Parents filled in an informed consent sheet, a language background
guestionnaire and a Singapore Communicative Development Inventory (CDI; Singh et al.,

2022) in the first session.

In the first session, the children were video- and audio-recorded in their homes in a
naturalistic play setting with their mother for half an hour. The investigator offered
suggestions to the mother about reading to the children or playing with them but otherwise
imposed no structure on the sessions; she observed these parent-child interactions and
intervened as little as possible. For some children, grandparents were occasionally present
but their presence did not influence the recordings. The aim of the first session was twofold:
1) to first familiarise the child with the investigator for maximal compliance during the actual
administration of the nonword repetition task in the second session; 2) to ensure that the
children could produce all the consonants that were present in the nonword repetition task
(see Table 3.6).

In the second recording session, a nonword repetition task was administered to the children.
Children heard one of two counterbalanced lists of 32 nonwords (see Table 3.6). The
investigator produced the nonword stimuli ‘live’ for children to repeat. Pre-recorded stimuli
were not used so that the investigator could respond to any delay or lack of responsiveness
in real time. If children were unwilling to respond, the investigator asked the parents to
repeat the form as well, to set an example for the children. The session ended when all 32
nonword targets had been repeated. To facilitate cooperation stickers and verbal

encouragement and praise (regardless of accuracy) were peppered throughout the session.
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3.3.3 Transcription

3.3.3.1 Segments

Three types of data sources were extracted from the naturalistic study: mothers’ speech,
child targets and child forms. The relation among the three data sources is: mothers’ input
speech provided a measure of the ambient language the children heard e.g., a mother may
be pointing to an elephant in a picture book and saying ta4gian4 ‘elephant’, targets refer to
the adult forms that children were trying to say, e.g., the child responds to her pointing by
trying to say tadsian4 ‘elephant’, and child forms refer to what children actually produced,
e.g., the child produces tattan1 for tadeian4 ‘elephant’ in response to the picture book. An

elaboration of these terms follows.

Mothers’ speech from the first recording session was analysed in order to get a measure of
the words children hear from their interlocutors. Transcription of mothers’ speech followed
Vihman (2019): no more than one variant per word in any one syllable structure was counted
(e.g., consonant-vowel consonant-vowel-consonant: CV CVC). That is, types were counted
to ensure that there was no over-representation of any one token in a particular session. For
each word, as many syllable structures were included per word as the mother’s forms
warranted. When the focus was on segments, tone changes were disregarded (e.qg., if a
mother produced ‘mother’ as malma0O and ma2mao, it was counted only once, as the forms
have the same CV CV syllable structure even though they differ in tone combination; if a
mother produced it as malma0 [CV CV] and mau2ma0 [CVV CV], it would be counted

twice).

Child targets were determined by observing the situational context in the video recordings in
which the children produced word forms and their eye gaze/gestures, then analysing them in
terms of the ten criteria listed in Vihman and McCune (1994) for identifying words in
children’s speech (see Table 3.8).
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Table 3.8: List of criteria for identifying words (from Vihman & McCune, 1994)

Criteria

Specific conditions

Example: if a child said maul ‘cat’

Context-related

Determinative context

Use of word in a context
that strongly suggests that
word and no other

Can be observed or inferred from
the video recording that there was
a picture of a cat in the storybook
that mum and child were reading

Maternal identification

Parent identifies at least
one instance of the form

Mum agreed and said more about
the cat

Multiple uses

Use of word more than
once within a time frame

Multiple episodes

Use of word more than
once across different time
frames

Child used maul when referring to
the cat in the storybook or other
appropriate contexts

Vocalisation shape

Complex match

Child form matches more
than two segments of the
adult target

Exact match

Child form matches adult
target exactly

Prosodic match

Tuneful match with adult
target and consistent
across tokens

maul is a complex, exact and
prosodic match (including correct
tone) to the adult target

Relation to other
variants

Presence of imitated
tokens

At least one instance is
imitated

Child imitates mum saying maul

Invariant use

All instances of the word
exhibit the same
phonological shape

Absence of
inappropriate uses

All uses occur in contexts
which plausibly suggest
the same word

Child used maul when referring to
the cat in the storybook or other
appropriate contexts

For child forms, the transcription process followed Vihman (2019) in the same way as the

process described above for mothers. Only additional criteria/differences are highlighted.

The count of children’s words was a cumulative report of the unique number of words the

children targeted and produced per session over their five or six recording sessions. Onset
consonants were the focus of these analyses (nasal-coda consonants will be mentioned in
passing). There were two types of scoring for the segmental element in both naturalistic and
experimental studies: a manner of articulation of onset consonant and word structure match.
This was to provide an overall idea of the type of responses to targets — whether there was a

match in terms of manner of articulation or word structures.
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For the manner of onset and word structure match in both naturalistic speech and nonword

repetition responses, a percentage precision match was calculated for the percentage of

child forms that matched the respective manner categories or word structures of the targets

i.e., % of plosive-initial consonants produced as plosives, or % of variegated targets

produced as variegated responses. In addition, the scoring criteria used in Keren-Portnoy et

al. (2010) was also followed:

1)

2)

3)

differences in aspiration were not considered errors because aspiration is not well
controlled before 2 years of age (Macken, 1980);

phonological processes common at 2 years of age (substitution of /s/ for /[/ or vice
versa, deaffrication, affrication of stops, or substitution of a different nasal in the coda
position were not considered errors;

substitutions of one consonant by another (e.g., [K] by [t]) were not considered errors
if the child made this substitution systematically (for the other words they produced in
their everyday speech or the nonwords in the task); non-systematic substitutions

were considered errors.

Two additional criteria from Keren-Portnoy et al. (2010) were used for scoring the nonwords:

4)

5)

if a child produced a segment correctly in its target position for at least one nonword
target but substituted it in another nonword target, the substitution was considered an
error;

complete omission of a consonant (onset or coda) was considered an error.

Vowels were not analysed because vowel productions at the end of the single word period

are not yet robust enough to be reliably transcribed (as mentioned in Chapter 1, cf. Davis &

MacNeilage, 1995; Davis et al., 2002; Vihman, 2019), so the scoring for the vowels was

more lax. For vowels (criteria adapted from Keren-Portnoy et al., 2010),

1)

2)

vowels were scored as errors only when there was a radical deviation from the target
or when the vowel was omitted. Thus, if the substituted vowel maintained the height
and backness of the target vowel or was near the target in the vowel space, this was
not considered an error;

substitutions among the low vowels, reduction of diphthongs/triphthongs to any
subparts, epenthesis of additional vowels, metathesis of vowel diphthongs/
triphthongs, reduction of any vowel to schwa, or substitution of a schwa by any lax

vowel were also not considered errors.
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Child forms of spontaneous and imitated targets were initially analysed separately because
they test different elements of word production: spontaneous targets test children’s retrieval
of the words from their long-term memory whereas imitated words test their temporary
(re)production of a word form that they have just heard an adult (their caregiver) say.
However, as the patterns found for the child forms of spontaneous and imitated targets were

similar, the counts have been combined for the analyses presented here.

3.3.3.2 Tones

Across both naturalistic speech (both mothers’ and children’s) and experimental studies,
tone was determined by ear and confirmed by acoustic analyses (see section 3.3.4 below for

Praat graphs).

Just as tone changes were disregarded when the focus was on segments, segment changes
were disregarded when the focus was on tones, (e.g., if a mother produced ‘mother’ as
malma0 and melmao, this was counted only as one variant per session, as the forms have
the same CV CV syllable structure and same tone combination, even though they may differ

by vowel; if a mother produced ‘mother’ as malma0 and ma2mao, this was counted as two).

Following Mok et al. (2019, 2020), the criterion for acquisition of tone sequences is accurate
production at above-chance level, but with some modifications. In the studies of Mok et al.,
production tasks involved monosyllabic Cantonese stimuli, so chance level was calculated at
1 of 6 possible Cantonese tones (16.7%). For disyllabic Mandarin stimuli, there are 4
possible tones for the first syllable and 5 possible tones for the second syllable, thus chance
is 1/4 x 1/5 = 1/20 (5%). The percentage counted in this thesis provides additional
information as the number also represents the level of precision (i.e., the degree of match of
child form to target) in the use of the tone sequence. For example, a tone sequence may be
used frequently (e.g., 70% of child forms), but if many of these instances were to substitute
for other tone sequences, the eventual level of precision may be lower (e.g., 20%).
Nonetheless, 20% would still mean that a tone sequence has been acquired, but it

additionally represents its imprecision in use in substitutions.
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3.3.4 Inter-rater reliability

A trained Mandarin phonetician provided a reliability check. Following Mok and Lee (2018),
auditory analysis was preferred to acoustic analysis as the recordings from this study were
recorded in the children’s homes which was subject to background noise (like Mok and Lee’s
selection of corpus studies, unlike studies by Wong et al., 2005, 2013 which were conducted
in experimental settings and so were acoustically ‘cleaner’). Mok et al. (2019) also
expounded on the balance between the need of reliability testing and that of ensuring that it
can be realistically done; they concluded that having two judges transcribe unfiltered stimuli
was the most satisfactory option. This principle was adapted: the phonetician transcribed five
minutes from the first and last sessions of each of the four children. The first and last
sessions were selected so that a wider range of tokens could be analysed from the children
— the children may have been shier in the first session and less inclined to speak, whereas
they should have spoken more readily in the final session due to familiarity with the
investigator and the task. Proportion of agreement on each consonant (disregarding
aspiration) for all consonants transcribed by both the investigator and the phonetician

was .74 and that for tones was .70.

For the experimental study, 10 test items of six children were randomly selected via an

online generator (https://random.org). As filler words were randomly inserted into the task in

order to make the task less daunting for children, the transcribed items were a mix of words
and nonwords, but the focus was on nonwords. Proportion of agreement on manner of each
consonant for all consonants transcribed by both the investigator and the phonetician

was .74 and that for tones was .94 for the nonwords (.84 for consonants and .88 for tones for
the filler words). This proportion of agreement was not unusual for child transcription as
children may not be speaking at a constant volume at all times, and there is background
noise in a home environment, resulting in variability in productions and in transcription (cf.
variability in neutral tone productions due to acoustically weak productions, Chen & Xu,
2006). For tokens without agreement, the investigator’s transcriptions were used as she had
spent a larger amount of time with the children and was more familiar with their speech
patterns. Nonetheless, acoustic analyses using Praat (Boersma & Weenik, 2012) were also

run and will be presented alongside the analyses where relevant.
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Chapter 4 — Naturalistic observations: Results and Discussion

The chapter is divided into two parts: segmental (section 4.1) and tonal (section 4.2)
production and potential templates in children’s word forms in an everyday setting, based on
three data sources: (i) the speech children hear from their mothers, and the consonant
sequences, word structures and tone combinations that children (ii) target and (iii) produce.
The goal here is to examine whether and how the adult language (both the language in
general and specific child-directed input) influences the types of consonants, word structures
and tone sequences children learning Mandarin produce, identify any differences between
Mandarin and other languages, and categorise any consistent patterns or templates that
may be common across the children or child-specific.

4.1 Segmental analyses

Segment analyses (specifically, onset consonants) were conducted using three data
sources: what children hear, what they target and what they produce. Mothers’ input speech
provided a measure of the ambient language the children heard, targets refer to the adult
forms that children were trying to say, e.g., tadeian4 ‘elephant’, and child forms refer to what

children produced, e.g., tattan1 for tadeian4 ‘elephant’.
For this section on segment analyses, the research questions addressed are:

1) Is there overlap among the consonant sequences children hear, target and produce?

2) Is there evidence of templatic usage in the children’s segment productions?

4.1.1 Child characteristics and consonant inventories

Figure 4.1 and Table 4.1 below provide information on child characteristics: Figure 4.1
shows the timeline of the sessions; Table 4.1 provides a summary of the number of
spontaneous and imitated (in parentheses) targets and child forms in Mandarin and English
and their total for each child across the recording sessions. Numbers of words in English are

provided but they are not analysed.
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Legend: The number above each data point denotes the recording session; the number below each data point denotes the child's age at the

time of the recording session. Age is presented in year;month.day. Numbers and ages in parentheses reflect the video recording session for
the experimental nonword repetition task, which is not included in this chapter.

Child pseudonym \ Age 1;7 1;8 1;9 1;10  1;11 2;0 2;1 2;2 2;3
1 - 3 (45 6 7
YiLing | | |
1,9.6 1;10.6 1;11.23 (2;0.14) 2;2.9 2;3.13
2;0.22
1 2 3, (4) 5 6 7

Fu Zhen | I | I I |

1;9.23 1;11.0 1;11.28 2;0.25 2;2.5  2;3.11

(2;0.8)
1 2 3 4, (5) 6
En Ting I | | |
1;7.26 1;8.18 1;9.22 2;0.15 2;2.2
(2;0.22)
- - 3 = 5, (6) 7
Yan Min | I | I | I
1,7.14 1;8.11 1;9.13 1;10.25 2;0.3 2;1.26
(2j0.7)

Figure 4.1: Timeline of recording sessions
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Table 4.1: Summary table of words produced in Mandarin, English and total for each child

across sessions.

Legend: Age is depicted as year;month, numbers in parentheses represent imitations.

Yi Ling | Mandarin | English | Total

1;9 39 (1) 30)| 42(1)
1;10 33 (1) 4(0)| 37(1)
1;11 36 (8) 1(0)| 37(8)
20 27 (7) 3(©)| 30(7)
2;2 43 (5) 8(1)| 51(6)
2;3 35(9) 2(3)|37(12)
Fu Zhen | Mandarin | English | Total

1;10 7 (20) 2(5) | 9(25
1;11 5 (24) 4(0)| 9(24)
2;0 4 (14) 14 (3) | 18 (17)
2;1 8 (42) 32 (2) | 40 (44)
2;3 9 (44) 35(7) | 44 (51)
2;4 3(35) 26 (6) | 29 (41)
En Ting | Mandarin | English | Total

1;8 6 (10) 40 (0) | 46 (10)
1;9 12 (10) 40 (2) | 52 (12)
1;10 17 (9) 24 (1) | 41 (20)
2;1 8 (3 42 (3) | 50 (6)
2;2 12 (7) 19(2) | 31(9)
Yan Min | Mandarin | English | Total

1;7 42 (15) 3(2)|45(117)
1;8 35 (16) 4 (0) | 39 (16)
1;9 46 (28) 4 (0) | 50 (28)
1;11 36 (18) 3(1) | 39(19)
2;0 40 (24) 4 (0) | 44 (24)
2;1 47 (16) 3(1) | 50(17)

Yi Ling and Yan Min were more Mandarin-dominant, Fu Zhen and En Ting were more
English-dominant. Although Fu Zhen did not reach the 25wp until the fourth session, there is
good reason to believe that she was already there from the first session; her interlocutor —
her grandmother, rather than her parents — did not provide as many opportunities to produce
words as her mother would have. Although Fu Zhen’s interlocutor is her grandmother, the
term ‘mothers’ will be used as shorthand to indicate the adult input that the children heard in

the recording sessions.
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Table 4.2 shows the children’s inventories of consonants. Two consonant counts are
provided: the first count establishes the consonants the children had acquired by the first
recording session (leftmost two columns) and the second count shows the consonants the
children had acquired by the last recording session (rightmost two columns), using Vihman’s
(2019) criteria for acquisition (mentioned earlier; see also legend of Table 4.2 below).

Table 4.2: Children’s consonant inventory in first session and by final session

Legend: Consonants without parentheses = occurred at least twice in different words, considered
acquired; () = occurred only once, considered marginally acquired; [ ] = occurred only as substitution
for other consonants, not considered acquired (following Vihman, 2019)

Yiling 1;9 p (p") (h) by 23 [p (p") f h
N=11 t (te) N=21 |t (th) te teh G
(k) ts tsh k kh ts tsh
[ts] (ts) (tsh) s
m  (n) m |
Fu Zhen 1;10 p (p") by24 |p ph f h
N=12 [t [t (te) (e) [N=19 |t th (tg) teh (8)
k (ts) k kh ts (tsh)  (s)
(8) (8)
m  (n) m (n) (ONENC))
n n
En Ting 1;8 p () by2;2 |p [pf] [l h
N =10 t (i) N=20 |t (th) (te) [te"] e
k [ts] [s] k (kM) (ts) (ts) [s]
[ts]  (ts")
m U] m  (n) o
n
Yan Min 1;7 p h by2;1 |p (ph) () h
N=9 t (te) (6) [N=20 |t th te (teh) e
k [ts] k kb (ts) (tsh) s
ts [ts" s
m n m n I
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From Table 4.2, the consonants acquired by all four children at the first recording session
were /p, m/; by the last recording session, additional plosives /t, k/ and fricatives /g, h/ had
also been acquired. The fricatives /tg, tgh, ts, s/ were also marginally acquired by the last
session. The latter patterns of acquisition of fricatives match the findings of previous work on
fricatives (Li & Munson, 2016; Ma et al., 2022); the general trend of acquisition also matched
Li and To’s (2017) findings: /p, t, m, h/ were all acquired by the children in this study, there
was only emerging evidence of acquisition of the retroflex consonants /ts, tsh, s/ by the last
session, while /i/ was not acquired.

The most frequently produced word-initial consonants used across all children are presented

in Figure 4.2.
Most frequently produced word-initials
0.35 0.32 0.32
E 03
§ ‘ 0.26 0.25
o 0.25 0.22
= 0.2 021
3 02
e 016 0.14 0.14
G 015 0.12 : 0.12 :
c
S 01
o
g 0.05
a
0
YiLing Fu Zhen En Ting Yan Min

Child

Hp Et Ets ®vowel

Figure 4.2: Most frequently produced word-initial consonants

The segments [p, t, ts, vowel] were the most frequently used word-initials for all four children,
with differing proportions among the children. Yi Ling and En Ting favoured [t], while Fu
Zhen and Yan Min favoured vowel-initial words. Yan Min’s real name starts with a vowel, so
this might have primed her to produce more vowel-initial words. En Ting mostly used her
high proportion of [t] in substitution for fricatives. The prominent use of /t/ here will show up

in the next analysis on consonant sequences.
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4.1.2 Consonant sequences in disyllabic words

The focus of this section is on the consonant sequences of children’s responses. The
proportion of consonant sequences across the three data sources was examined: Figure 4.3
provides a summary of the distribution in manner categories of the words from mothers’
input, the words the children targeted and the child forms produced over the sessions. The
top ten most frequent consonant sequences from each data source are presented for each
child. [For reference, p-p indicates a /p/-/p/ sequence (e.g., padpa0 ‘father’) etc.; since the

focus is on consonants, vowels are grouped together as ‘v'.]

The most frequently occurring consonant sequence across all children will be discussed first,
before each individual child’s favoured consonant sequences are considered, to identify any

templatic usage.

Yi Ling's segmental sequences

Proportion of occurrence (%)

" =

-

W o -
- h

-t
h-t

h-g

[ o
& 4 - < L F oA F o4 s ooz
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o =
- =1
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n-k

ts
5=

Lete
(£=31}
h-m

m-m

segmental sequence

minput mtarget mchild

Fu Zhen's segmental sequences

Proportion of occurrence (%)

R R g N
segmental sequence

B input target mchild

75



En Ting's segmental sequences

B T A Al oty

[=]
=]
o

[=]

Proportion of occurrence (%)

A s ] o L G = .7
SETEE ESFFERE R
segmental sequence

minput mtarget mchild

Yan Min's segmental sequences

e kk &g v tk tl ks kv m-m wts tt ph wvp pk pv tv mwv

Proportion of occurrence (%)

segmental sequence

M input Mtarget M child

Figure 4.3: Most frequent consonant sequences by child

From Figure 4.3, it is evident that the amount of overlap between mothers’ input, the words
children targeted and the child forms varies by child. Yan Min’s most frequently occurring
consonant sequences showed the most overlap over the three data sources; for the other
children, it seemed that children targeted and produced word forms more or less

independently of what they are hearing from their mothers.

In general, /t/-/t/ is the consonant sequence produced the most frequently by all the children,
but its occurrence in the data sources differs by child:, it was present in all three data
sources for Yi Ling, only in the child forms for En Ting, and in both the words targeted

produced for Fu Zhen and Yan Min.

The most frequently produced consonant sequences and some examples of the selections

and/or adaptations to the forms are presented in Table 4.3.
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Table 4.3: Selections and adaptations to the most frequently occurring consonant sequences for each child

Legend: coloured text — referenced in text

selection adaptation comment
child consonant | target child form target child form
sequence
Yi Ling -1/ tic2tau3 ‘fall down’ tic2tau3 tsen3thou?2 ‘pillow’ ten3to2 consonant harmony
ti4ti0 ‘younger tiltio tsuttsut ‘piggy’ tultul deaffrication/consonant
brother’ repetition
thon4thon4 ‘painful’ thon4thon4 ts14t6i3 ‘by myself’ tiltio
Ipl-Ivi pu2iau4 ‘don’t want’ | piliau4, puliaud none
Ipl-Ip/ pa4pa0 ‘father’ pa4pa0 ‘father’ tsuei3pal ‘mouth’ pueilpal | consonant harmony
pho3pho2 ‘grandma’ | pro3pho2 ‘grandma’
Fu Zhen | 1t/-1t/ tie2tau3 fall down’ te2tau3 ton1gi0 ‘thing’ ton1ti1 consonant harmony
tau3tan4 tau3tan4 teie3teie1 ‘older sister’ tettet deaffrication/consonant
‘mischievous’ repetition
thon4thon4 ‘painful’ ton1thon4 tei1tan4 ‘egg’ tiltanO deaffrication/consonant
Sueidtgiau4 ‘sleep’ tuiltiaud harmony
IvI-1t/ a3tuot ‘ear a3tun1 ua4ts)0 ‘socks’ ua4t3 deaffrication
ian3tgin1 ‘eye’ end3tin1 ia2tsh3 ‘teeth’ ia2f)3
i1teia4 ‘clothes rack’ | i1tgia4 anitsant ‘dirty’ anitan4
teien3tau1‘scissors’ en3taul omission of affricate
IvI-Its/ ua4ts)0 ‘socks’ ua4ts)3 gie2ts70 ‘shoes’ £2t513 deaffrication
i2t$13 i3ts70 ‘chair’ teien2ts)3 ‘cut paper’ en3ts)3 omission of /k/ but produced /k/
kuolis)0 ‘pot’ uoltsio elsewhere
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selection adaptation comment
child consonant | target child form target child form
sequence
EnTing | /W-It/ ta4ta0 ‘big one’ ta4ta0 siau3ta0 ‘small’ tiau3te4 consonant harmony but /g/
tadgian4 ‘elephant’ tattan1 used correctly elsewhere:
giau3te4 and talgian4
respectively
teie3teic1 ‘older sister’ te3tet deaffrication/consonant
repetition
1t/-Im/ none tshau3mei2 ‘strawberry’ | tau3dmei2 | only used as substitutions for
sen3ma0 ‘what’ tu1mo4 fricatives/affricate and one
gia4mien4 ‘below’ tatmen4 | instance of /I/
san4mien4 ‘above’ talmen4
li3mien4 ‘inside’ taudmon?2
Itsl-Ip/ none tsedpient ‘here’ tso1pel substitution of /ts/ in four of five
instances of tse4pien1 ‘here’
son1pin4 fell sick’ tshenipin4 | substitution of /s/
I-Ivl ai3io2 ‘oh dear’ ai3io2 kuodlai2 ‘[bring it] here’ | u3ai2 omission of /k/
hau3hea1 ‘delicious (for | 8382 omission of /h/
drinks)’
hai2iou3 ‘still have’ ailio3
heilheil ‘black black’ eileil
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selection adaptation comment
child consonant | target child form target child form
sequence
Yan Min | /t/-/t/ thouZ2thou?2 ‘head tou2tou2 cie4gie0 ‘thank you’ tel1cie4 substitution of /g/ but used
head’ correctly in another instance of
‘thank you’: siedcie4
tie 1tau3 ‘fall down’ teltauO sin1ein0 ‘star’ tiltil substitution of /e/ and
consonant repetition
teie3teic1 ‘older sister’ te3te2 deaffrication/consonant
repetition
tson3thou?2 ‘pillow’, te3to2 deaffrication/consonant
harmony
khou3tai4 ‘pocket’ to3tail fronting/consonant harmony but
/k/ used correctly in the
example for ‘this’
{so4ka0 ‘this’ to1ko4 deaffrication
IvI-Ivl ali2 ‘aunty’ a3i2 pu4hau3 ‘no’ aulua0 omission of onsets
ianZ2ian3 ‘itchy’ ia2ia3 tshai3hon2 ‘rainbow’ ia302
uan3anl ‘goodnight’ | ua3anl giau3gion?2 ‘little bear’ 82n1
ha1suei3 ‘drink water’ 82so01
huadhua4 ‘draw’ ualual
yedlian4 ‘moon’ eliad
Ipl-Ivi pu2iau4 ‘don’t want’ | pi2au0, pu2iau4 pi4hu3 ‘lizard’ pilu0 omission of onsets
pho4la0 ‘torn’ pauius0
pu2huei4 ‘don’t know pu2uei4

how to [do something]’
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Fu Zhen produced /ts/ accurately in some instances and substituted it with /t/ in other
instances (e.g., in ‘socks’ — see red text in Table 4.3). The two /v/-/t/ and /v/-/ts/ consonant
sequences are in the V CV vowel-initial forms, which she produced the most frequently (see
earlier Figure 4.2). It is also noteworthy that the ts70 syllable (in blue) in many of her /v/-/ts/
words is a bound morpheme that forms a part of many nouns, so the high frequency of

occurrence and practice may have supported production.

The accurate production of /g/ in some words before the accurate production of other
voiceless sibilant fricatives, despite its low frequency (seen here in En Ting and Yan Min)
has been reported in other studies of Mandarin (Li & Munson, 2016), as well as in other
languages (Japanese: Nakanishi, Owada, & Fuijita, 1972; Russian: Zharkova, 2005, Polish:
Ingram, 1988b, all cited by Li & Munson, 2016). This early production has been attributed to
its articulatory ease relative to the other fricatives: producing /e/ uses the larger and more
central muscles of the tongue, whereas producing /s/ or /[/ requires smaller and more
peripheral muscles of the tongue tip (cf. Davis & MacNeilage, 1990; 1995). The fricative is
also personally relevant for Yan Min, given that it occurs in her real name; she also produced

it accurately in another frequently occurring word, ‘thank you’.

As mentioned earlier, templates may be identified by selection and adaptation to a particular
form, and may be indicated by high frequency of use alongside only moderate precision.
While /t/-/t/ was used most frequently by all the children, it was used mostly as substitutions
for consonants that they have not yet acquired, even by the last session of recording (based
on their respective consonant inventories in Table 4.2). As mentioned in Chapter 1, mere

substitutions for sounds not acquired yet are not considered templatic.

Li and To (2017) found that initial consonants tended to be deleted, substituted or
harmonised (termed ‘assimilated’ in their review) and vowels tended to be reduced or
substituted. In other studies, the deletion of the final consonant is also common in child
productions (cf. Macken, 1979/2013 in Spanish, Demuth & Johnson, 2003 in French).
Additionally, the most frequent phonological processes Li and To found for consonant
substitutions were deretroflexion (Zhu & Dodd, 2000 termed this ‘fronting’), backing and
stopping, followed by affrication and deaspiration (cf. Cho, 2008; Hsiao, 2008; Jeng, 2011).
Most of these processes were found in the present data except affrication — none of the

children produced an affricate where a plosive was expected.
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4.1.3 Children’s responses to disyllabic words with various word structures

In the previous section, the focus was on the consonant sequences that children heard,
targeted and produced. In this section, the word structures of the children’s responses as a

whole are explored.

Children’s words were first classified into five word structures (see Table 4.4). These
categories of word structures, adopted from Vihman (1978, 2019), were originally defined to
prioritise reduplication and consonant harmony, given that these were the two substitutions
frequently reported as responses to variegation in other languages (e.g., Stoel-Gammon &
Stemberger, 1994; Levelt, 1994; Vihman, 1978; Vihman, 2019). Thus ‘other’ or ‘vocalic’
words that were reduplicated or harmonised were grouped under the reduplicated or

harmonised labels (e.qg., ian2ian3 ‘itchy’ was considered a reduplication).

The findings from the previous section showed that children’s substitution patterns tended to
include few instances of consonant harmony, unlike what has been reported for other
languages. These categories of word structures were used to classify both words that
children targeted and the forms that the children produced. As a result, one more important
distinction needs to be made: the term ‘consonant repetition’ (relatedly, ‘consonant-repeated’
forms’) will be used when describing the internal characteristics of the word targeted and/or
produced by adults and children alike [contains the same two consonants in a word, e.g.,
mu4ma3 ‘wooden horse’], and the term ‘consonant harmony’ (and ‘harmonised forms’) will
be used when discussing children adopting it as a substitution pattern or ‘compensatory
strategy’ [making one of the consonants the same as the other, e.qg., tattan1 for tadgian4
‘elephant’] (cf. Menn, 1983; O’Seaghda et al., 2013; see examples in Table 4.5). The goal
here was to examine if there were consistent patterns of word structures children hear from
their mothers, target and produce and whether there were any consistent patterns of

substitutions that may be child-specific or common across all children.
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Table 4.4: Definitions and examples of word structures

word structures

definition

example

reduplication
(RED)

consonant
repetition (CR,
used for target
form) or consonant
harmony (CH,
used for
substitutions)

variegation (VAR)

other

vocalic

repetition of a syllable in succession
regardless of tone

use of the same supraglottal consonant
onset for consecutive syllables
regardless of vowel

use of different supraglottal consonant
onsets across consecutive syllables

words including only one supraglottal
consonant onset, with the other being a
vowel or liquid, i.e.,

-VCVorCVV

-LVCVorCV LV

words with two zero-onset syllables, i.e.,
-VV

-V VCor

-vVCVC

malma0O ‘mother’

CR: mudma3 ‘wooden
horse’

CH: tattan1 for ta4sian4
‘elephant’

tse4ka0 ‘this’

y4mi3 ‘corn’
tshullai2 ‘[something
has come] out’

atli2 ‘aunt’
y2san3 ‘umbrella’
uan3anl ‘goodnight’

Table 4.5 provides a summary of the distribution in word structures of the words the children

targeted and produced over the sessions. Mothers’ input and targets are presented in the left

block of the table, and the word structures in the child forms are presented in the right block

of the table. A final summary of all mothers’ and all children’s data are presented at the end.
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Table 4.5: Distribution of word structures of words targeted and produced by all children

Legend: RED = reduplication, CR = consonant repetition/CH = consonant harmony, VAR =

variegation. N = number of child forms. Percentage (%) refers to the percentage of number of child

forms produced as the respective word structures, calculated out of the total number child forms (e.qg.,

number of reduplicated words out of total number of child forms, number of variegated words out of

total number of child forms etc.). pre = precision refers to the % of child forms that matched the
respective word structures of the targets (e.g., % of reduplicated targets produced as reduplicated, %
of variegated targets produced as variegated etc.). Underlined text indicates highest proportion each
in input, targets and child forms. Bold and underlined text: referenced in text

input targets child forms

RED CR/ VAR other vocalic
CH

Yi Ling RED 0.09 0.14 0.83 0.07 0.07 0.03 0
(N=202) CM 0.04 0.01 0 1 0 0 0
VAR 0.62 0.55 0.01 0.03 0.87 0.09 0
other 0.25 0.28 0 0 0 091 0.09
vocalic 0 0.01 0 0 0 0 1
% 0.12 0.04 049 031 0.03
pre | 0.96 0.38 0.98 0.83 0.29
FuzZhen RED 0.08 0.15 0.72 0.03 0.17 0.07 0
(N=192) CM 0.07 0.04 0 0.86 0 0.14 0
VAR 0.52 0.44 0 0.13 065 0.21 0
other 0.32 0.38 0 0.01 0.03 094 0.01
vocalic 0.02 0.00 0 0 0 0 0
% 0.11 0.10 0.32 0.46 0.01
pre | 1.00 0.32 0.89 0.76 0
EnTing RED 0.07 0.17 0.69 0.08 0.08 0.15 0
(N=76) CM 0.07 0.07 0 1 0 0 0
VAR 0.55 0.57 0 0.09 070 0.19 0.02
other 0.29 0.20 0.07 0 0.07 0.67 0.2
vocalic 0.02 0 0 0 0 0 0
% 0.13 0.13 042 0.26 0.05
pre | 090 050 0.94 0.50 0
Yan Min RED 0.10 0.20 0.55 0.18 0.10 0.16 0.02
(N=252) CM 0.06 0.07 0 0.65 0.18 0.12 0.06
VAR 0.59 0.37 0 0.15 0.65 0.18 0.02
other 0.22 0.29 0 0.01 0.04 0.82 0.13
vocalic 0.02 0.07 0 0 0.06 0.11 0.83
% 0.11 0.14 0.29 0.35 0.11
pre 1 031 083 0.67 0.54
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all input all targets all child forms
RED CR/ VAR other vocalic

CH
all RED 0.09 0.17 0.67 0.11 0.11 0.11 0.01
children CM 0.06 0.05 0 0.78 0.09 0.09 0.03
(N=722) VAR 0.57 0.44 0 010 0.73 0.16 0.01
other 0.26 0.31 0 0.01 0.03 0.88 0.08
vocalic 0.01 0.03 0 0 0.05 0.10 0.85

% 0.12 0.10 0.37 0.36 0.06
pre | 098 0.35 091 0.73 0.45

In general, for all the children, there was a match in proportion across all three data sources
(i.e., mothers’ input and children’s targets in left block of table and child forms in right block
of table): the highest proportion for all three data sources was variegated words, followed by
‘other’. Using the Singapore CDI as a measure of frequency in the ambient language, 227
(61%) of 372 words are variegated, followed by 114 (31%) ‘other’, 18 (5%) are reduplicated
and 13 (3%) are consonant-repeated. The children’s word forms followed a similar
proportion of the word structures in the input and in the ambient language. Nonetheless,
there were some differences among the children: Yi Ling and En Ting produced variegated
words most frequently, whereas Fu Zhen and Yan Min produced ‘other’ words most

frequently (see bold and underlined text).

For word structures, unlike the earlier analysis of the word-initial segment, the most
frequently produced word structures also had the highest level of precision (i.e., the degree
of match of the word structure of the child form to the target: producing reduplicated words
for reduplicated targets, variegated words for variegated targets etc.). Reduplicated and
variegated words had the highest level of precision (above 90%), followed by ‘other’ words.
The precision for reduplicated words is high, likely because many of the reduplicated words
produced are kinship terms (see discussion in section 4.2.3.2). Variegated words tend to
become reduplicated or harmonised in other languages (cf. Stoel-Gammon & Stemberger,
1994; Vihman et al., 2023), but children in the present study were highly precise in
maintaining variegation for variegated targets as well (see discussion in section 4.1.4.2). If
there were substitutions, the pattern was ‘other’ rather than reduplication or harmony. This is
why ‘other’ words have only moderate precision: even though ‘other’ targets were produced
as ‘other’ most frequently (see the high proportion of ‘other’ responses under each row of
‘other’ targets), the ‘other’ word structure was also the next highest substitution for
variegated words (see the proportion of substitutions under each row of variegated targets),
leading to a drop in precision. Meanwhile, vocalic and forms had the lowest precision. The

low precision for both of these forms is understandable because there were not many vocalic
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or consonant-repeated targets to begin with, so vocalic and consonant-repeated forms were

used mostly only as substitutions.

4.1.4 Discussion

The focus of this chapter was the patterns of segment production and word structures in
children’s speech and identification of any templates in the children’s segment productions.
There were matches and mismatches between the ambient language effects and child
productions, as well as some findings that contrasted with Lou (2020), which might be due to
differences in language environments, lexical advance and/or cultural differences.
Additionally, there was no evidence of segmental templatic usage in this study. A summary
of the findings from the present study is first discussed, followed by the implications of these
findings.

4.1.4.1 Higher proportion of fricatives in Mandarin input relative to other languages

For segment analyses, the rate of overlap and difference among mothers’ input, children’s
targets and child forms of consonants, and how children made substitutions was examined.
In brief, in terms of consonants, there was a relatively high proportion of fricatives in
mothers’ input and children’s targets (between 40 and 50%), unlike what has been found in
previous studies. Fricatives have not been found to occur frequently in early child-directed
speech in studies of other languages (like English, French or Swedish, cf. Vihman et al.,
1994), unlike Mandarin, where the count of fricatives (and affricates) in the consonant
inventory of the language is substantial: there are 11, making up 52% of the consonant
inventory (with 28% plosives and 10% each of nasals and liquids). The later acquisition of
fricatives typically found in children learning other languages may thus be due to the

infrequent occurrence of these consonants in those languages.

For comparison, the data from Vihman et al. (1994) are presented in Table 4.6 alongside
Mandarin data from Lou (2020) and the present study. Vihman et al. (1994) studied the
speech of mothers to their one-year-old children, five each learning three languages
monolingually: English, French and Swedish. The child forms were cumulative over 9
months while one session each of the mothers’ speech was recorded when the children

were 12 or 13 months old.

85



Table 4.6: Proportion of manner categories of mothers’ input and child forms in various
languages.
Legend: Underlined text indicates highest proportion in each language. Data from English, French

and Swedish are taken from Vihman et al. (1994). Data from Mandarin are from Lou (2020) and the
present study (grey cells).

Mothers’ input N children plosive fricative nasal liquid

English 5 0.55 0.12 0.15 0.17
French 5 0.48 0.12 0.21 0.19
Swedish 5 0.58 0.09 0.18 0.15
Mandarin (Lou, 2020) 5 0.33 0.39 0.12 0.16
Mandarin (present study) 4 0.30 0.53 0.13 0.04
mean 0.45 0.25 0.16 0.14
child forms N children plosive fricative nasal liquid

English 5 0.75 0.07 0.13 0.04
French 5 0.61 0.07 0.22 0.10
Swedish 5 0.78 0.03 0.14 0.05
Mandarin (Lou, 2020) 5 0.43 0.23 0.18 0.16
Mandarin (present study) 4 0.57 0.29 0.11 0.03
mean 0.63 0.14 0.16 0.08

From Table 4.6, plosives dominated both the mothers’ targets and child forms in English,
French and Swedish. While plosives make up the highest proportions in both input and
output in these three languages, children are nevertheless producing a higher proportion of

plosives than they are hearing in the input.

For the two Mandarin sources, however, there is a difference between what children are
hearing from their mothers and what children are producing. While mothers in Lou (2020)
produced plosives and fricatives fairly equivalently (30-40%), mothers in the present study
produced almost twice the proportion of fricatives (53%) as that of plosives (30%).
Nonetheless, while there may be a higher proportion of fricatives than plosives in what their
mothers produced, the children in both Mandarin datasets still produced plosives the most

frequently, like the children learning the other three languages.

On the other hand, the proportion of fricatives produced by the Mandarin children is higher
than that in the other languages, relative to the other manner categories: fricatives are
produced about half as much as plosives for Mandarin (on average, about 25% fricatives vs.
about 50% plosives), whereas fricatives make up only about 10% of the plosives produced
for the other three languages. The frequency of occurrence of consonants in children’s

speech may be affected by the proportion of occurrence in the ambient languages, but the
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frequency distribution of the input may not necessarily be directly mirrored in children’s
output. A further analysis of the plosive-fricative discrepancy shows that children actually did
target fricative-initial words the most (thus reflecting the proportion in the ambient language),
but they substituted them with plosive-initial words, resulting in the increase in plosive-initial
output relative to the input. This likely reflects the articulatory ease of plosives relative to
fricatives (cf. MacNeilage & Davis, 1990). Input frequency is never the whole story (a thread
continued in Chapter 5; cf. Menn, 2013, Ota, 2013); the production of segments may also be
dependent on articulatory ease. Li and To (2017) additionally found affrication and harmony
to be frequent patterns of substitutions, but these were not present in the current study. This

leads to the next sub-section on word structures.

4.1.4.2 Presence of more variegation and less reduplication and harmony in Mandarin child

forms

The next question addressed related to examining the rate of overlap and difference among
mothers’ input, children’s targets and child forms of the different word structures of words,
and how children tended to make substitutions. In brief, there was a match among all three
data sources: mothers’ input, children’s targets and child forms were mostly of the

variegated or ‘other’ categories.

Children tended to be quite precise in producing the word structures of the words they were
targeting, i.e., reduplicated targets tended to be produced as reduplicated child forms,
variegated targets tended to be produced as variegated child forms, etc. Furthermore,
variegated targets were still produced as variegated responses, even if the children
substituted either or both consonants, unlike studies of other languages where harmony was
the substitution of choice for variegated targets (e.g., Stoel-Gammon & Stemberger, 1994;
Vihman, 1978; Vihman, 2019). Reduplicated and harmonised forms are said to be easier
because the consonant is held constant. This is why throughout the study of other languages
(cf. Kehoe, 2015; Vihman et al., 2022), the proportion of reduplications and consonant
harmony in children’s productions is usually higher than those of variegated words.
Nonetheless, the children produced variegated responses for variegated words, and
sometimes even changed the reduplicated or harmonised words into variegated forms (e.g.,
Fu Zhen and Yan Min). The discrepancy between variegated and harmonised forms for

variegated targets is further analysed in what follows.
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For comparison, data from Vihman et al. (2022) are presented in Table 4.7 alongside
Mandarin data from Lou (2020) and the present study. Vihman et al. examined the extent of
child variegated responses produced for variegated targets, across different languages —
US/UK English, French, Finnish, Japanese and Mandarin — and the mechanisms underlying
the substitutions.

Table 4.7: Proportion of variegated and harmonised child forms for variegated targets across

various languages

Legend: VAR = variegation, CR = consonant repetition/CH = consonant harmony (use of CR denotes
target form, use of CH denotes substitutions). Data from Finnish, French, US/UK English and
Japanese are taken from Vihman et al. (2022). Data from Mandarin are from Lou (2020) and the
present study (grey cells, previously presented in Table 4.5). Data are ordered in increasing order of
the column ‘% VAR child forms for VAR targets’.

Child forms N children % VAR % VAR % CR % CH
targets child forms targets  child forms

for VAR for VAR

targets targets
Finnish 5 0.57 0.08 0.15 0.27
French 5 0.57 0.27 0.10 0.20
US English 6 0.66 0.31 0.14 0.27
UK English 6 0.54 0.34 0.12 0.22
Japanese 7 0.42 0.50 0.05 0.21
Mandarin (Lou, 2020) 5 0.32 0.67 0.03 0.05
Mandarin (present study) 4 0.44 0.73 0.05 0.10
mean 0.50 0.41 0.09 0.19

Table 4.7 shows that the proportion of variegated targets in the Mandarin data from the
present study was close to the mean, but the proportion of variegated child forms for
variegated targets was the highest of all the languages (73%; with Lou’s Mandarin data
being the next highest at 67%). For consonant harmony, the opposite pattern can be
observed: consonant repetition in targets in general is around 10% across all languages, but
both Mandarin datasets show the lowest proportion of harmonised child forms for variegated
targets (10% in present study; 5% in Lou, 2020). This pattern of prevalence of variegation for
variegated targets and relatively little consonant harmony in Mandarin is interesting. In many
studies of other languages, consonant harmony is discussed as a mechanism used by
children in response to variegated targets (e.g., Menn, 1983). Yet, the Mandarin-learning
children in the present study and in Lou (2020) are not using harmony as a mechanism; they

are producing more variegated forms for variegated targets, relative to harmonised forms.

88



A closer inspection of the two Mandarin datasets revealed differences in the child responses
to variegation that warranted further analyses. This is presented in Figure 4.4, but the
differences in proportion of word structures in mothers’ input in both Mandarin datasets are
first presented in Table 4.8. Reference will be made to both table and figure following the
figure.

Table 4.8: Proportion of word structures in mothers’ input in Lou (2020) and the present
study

Legend: RED = reduplication, VAR = variegation, CR = consonant repetition; proportions for the
present study (grey cells) were previously presented in Table 4.5). Bold = referenced in text

mothers’ input N children RED CR VAR other vocalic
Mandarin (Lou, 2020) 5 0.15* 0.31 0.08 not reported
Mandarin (present study) 4 0.09 0.06 057 0.26 0.01

* Lou (2020) did not distinguish between RED and CR forms, so the RED percentage may have
included some consonant-repeated forms.

Differences in proportion of child responses to variegated
targets between Lou (2020) and the present study

__ o8 0.73
x 0.7 0.67
3
= 0.6
£ 05 0.44 0.47
3
S 0.4 0.32 0.31
‘c 0.3
.S 0.2 o1 0.17 0.17 0.17 0.1?16
£ 05 0.5
S 0.1 0.09- : . 501 ll
o o = [ |
o
VAR targets VAR CR targets CH RED targets RED child ‘other’”  ‘other’ child
child forms child forms forms for targets forms for
for VAR for VAR VAR targets VAR targets
targets targets

Child responses to variegated targets

B Mandarin (Lou, 2021, N = 5) B Mandarin (present study, N = 4)

Legend: VAR = variegation, CR = consonant repetition/CH = consonant harmony (use of CR denotes
target form, use of CH denotes substitutions), RED = reduplication. Data from present study was
previously presented in Table 4.7.

Figure 4.4: Differences in proportion of child responses to variegated targets between Lou
(2020) and the present study
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Across the two Mandarin datasets, while the proportions of variegated responses for
variegated targets are similarly high (first two sets of bars) and the proportions of
harmonised responses for variegated targets are similarly low (third and fourth sets of bars),
there is a difference between the proportions of reduplicated and ‘other’ targets and
responses for variegated targets. The children in Lou (2020) are targeting almost three times
as many reduplicated targets as the children in the present study, whereas the children in
the present study are targeting almost twice as many ‘other’ targets as the children in Lou

(2020) — seemingly a reverse pattern across these two types of word structures.

Several factors may account for the discrepancy between the two Mandarin datasets:
differences in language environments, differences in the lexical stages of the children in the
two datasets and cultural differences in the use of types of reduplications. First, Lou’s child
participants are heritage speakers learning Mandarin monolingually at home in Yorkshire,
UK, where they are exposed to English exclusively in their ambient environment outside the
home; in contrast, the children in the present study are immersed in a multilingual
environment (mostly Mandarin and English, with some presence of additional Chinese
languages) right from birth. This is because the bilingual education policy makes it
compulsory for children to learn English and an official mother tongue in school (Stroud &
Wee, 2010; see further discussion of language use in Singapore in section 4.2). Thus, even
before their children are of school age, parents begin to speak to their children in both
languages, to ensure that they will be on par with (or ahead of) other children by the time
they do enter preschool. Thus, the Singapore children are also probably exposed to more
English than Mandarin inside their homes. Hearing English in the home and ambient
environment may thus have led to the differences in findings: recent work by Styles and
colleagues (2022) have found that parents switch among languages about 5% of the time
when speaking with their children at home. With regards to the lack of segmental templates
found in the present study (since these forms were used merely as substitutions for sounds
not yet acquired, precluding the definition of ‘template’), perhaps there is a longer acquisition
period for certain consonants as a result of being in a multilingual environment. Further work
is warranted to tease apart the potential bilingual element in these findings: comprehensively
computing the language mix of families and studying children at 2.5 to 3 years and beyond

to examine whether consonant sequence templates may be found.

Second, although this study began recording the children ‘at the 25wp’, they are likely to
actually be a bit beyond that point: some of them had already started combining words in the
first session. A calculation of the mean length utterance of words (MLU) revealed that

children were speaking between 1 and 2.5 words (M = 1.7) in their first recording session
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and between range 1.5 and 3.5 words (M = 2.3) by the last recording session. Mothers may
produce more reduplicated words when children are at an earlier lexical stage, consistent
with corpora findings that reduplicative words were among the top 20% of the most frequent
language input to children below 3 years old (e.g., Chang Corpus: Chang, 1998 and Tong
Corpus: Deng & Yip, 2018 in the CHILDES database, MacWhinney, 2000). According to Ota
and Skarabela (2016; 2018), reduplicated words are easier to learn (cf. Endress et al., 2007)
because they embody a general rhythmic bias (cf. Thelen, 1981) for repeated elements
(Vihman et al., 2023). Mothers of the younger and less lexically advanced children in Lou
(2020) may thus have been producing more reduplicated (15%) than ‘other’ forms (8%, from
Table 4.8), which may serve as a training ground (or what Caselli et al., 1995 term a “starter
set”, p. 19) from which children can learn more words. The mothers in the present study,
whose children are more lexically advanced, have likely ‘progressed’ from using reduplicated
(9%) to the ‘other’ word structure (26%, from Table 4.8), the proportions of which are thus
reflected in the children’s targets (and the children’s own forms) (Figure 4.4). This discussion
about the differences in the use of reduplication between the two Mandarin datasets
continues in the third point below. Nonetheless, this study of children at a slightly later lexical
stage provides a continuation and exploration of the kinds of patterns that children produce
early in the word-combination period.

Third, the difference may be due to the language variety of Mandarin and cultural differences
in the use of reduplications between Mandarin-speaking mothers from Mainland China and
Singapore. Lin (1990) identified four types of reduplications, all of which appear in both
Mandarin datasets (presented in Table 4.9, also revisited in section 4.2.3.2 under kinship
terms). According to Lin (1990), reduplicated volitional verbs lead to attenuative forms (e.qg.,
tin1 ‘listen’ > tin1tin0 ‘listen a little bit’), reduplicated descriptive adjectives lead to intensive
forms (e.g., hon2 ‘red’ > hon2hon2 ‘very red’), reduplicated common nouns (specifically,
numeral classifiers, Liu, 2012) lead to repetitive forms (e.g., 4on2 ‘human’ = Jon2ien2
‘everybody’) and reduplicated kinship terms lead to vocative forms (e.g., mal ‘mother ->
malma0 ‘mother’). The last category of reduplicated terms presented in Table 4.9 —
‘truncation then repetition’ — is not in Lin (1990) but applies to Lou’s (2020) data; it is a form

of diminutive reduplication.
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Table 4.9: Differences in categories of reduplicated words used in Lou (2020) and the

present study

categories of Lou (2020) present study
reduplications (from
Lin, 1990)

similar usage

kinship/vocative pa4 ‘father > pa4pa0 pa4 ‘father > pa3pa2*
mal ‘mother’ > malmaO

adjective/intensive thon4 ‘painful’ - thon4thon4 ‘a little painful’
kaul ‘high’ & kaulkaul ‘high’/indirect request to be carried up high

different usage

verb/attenuative fan4 ‘put’ > fan4fan0 phai1 ‘tap’ > phailphait
‘put it [some place]’ ‘tap it a little’
ai4 ‘love’ - ai4ai4 ‘love love’ tshueit ‘blow’ > tshueittstueit

‘blow on it a little’

noun/repetitive fan4 ‘rice’ > ‘fan4fan4’ maul ‘cat’ 2 maulmaul,
‘rice rice similar to ‘kitty’
ten1 ‘light’ - tentten1 kou3 ‘dog’ - kou2kou3,
‘light light’ similar to ‘doggy’

truncation then gi2tsau3 ‘shower’ - tsau3tsau0 none

repetition ‘shower’

* See section 4.2.3.2 for discussion of kinship terms

Based on Table 4.9, kinship terms and adjectival reduplications are common across both
Mandarin datasets. For reduplicated verbs, mothers in the present study only used them for
verbs that denoted a light touch (e.g., tap it a little, blow on it a little), they did not use it for
verbs like ‘love’. For reduplicated nouns, while other repetitive forms exist in the (adult)
language (e.g., 4en2 ‘person’ - Jan2ien?2 ‘people’, thienl - thienlthienl ‘everyday’), Lou’s
‘rice rice’ and ‘light light’ examples are typical of child-directed speech; mothers in the
present study did not reduplicate in the same way as those in Lou’s study; they seemingly
only used this form for words in the animal category (cf. kitty, doggy). Finally, none of the
mothers in the present study produced the ‘truncated, then repeated forms’ which were
diminutive reduplications; all produced such words in full. In short, children in Lou (2020)
targeted four times as many types of reduplicated words as the children in the present study,

probably because they are also receiving more reduplicated input from their mothers.
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4.2 Tone analyses

Tone analyses were also conducted using the same three data sources mentioned for the
segment analyses: what children hear, what they target and what they produce. Mothers’
input speech provided a measure of the ambient language the children heard, targets refer
to the adult forms that children were trying to say, e.g., tadsian4 ‘elephant’, and child forms
refer to what children produced, e.g., tattan1 for tadgsian4 ‘elephant’.

Specific to this section on tone analyses, the research questions addressed are:

1) Is there overlap among the tone sequences children hear, target and produce?

2) Is there evidence of templatic usage in the children’s tone productions?

4.2.1 Tone sequences children hear, target and produce

A heat map table of the tone sequences children hear, target and produce is first presented
in Table 4.10. This heat map will give us an idea of the frequency of occurrence of each tone
sequence present in each of the three data sources. The main questions are to examine

1) if children’s productions are similar to mothers’ input and the words they target, as well as
2) if children are accurate in their tone productions, and if not, the kinds of substitute tone

sequences the children make.
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Table 4.10: Heat map table of proportions of occurrence of tone sequences in mothers’

input, child targets and child forms

Legend: S1 = first syllable, S2 = second syllable, % refers to the respective S1 or S2 sums over the

total number of tone sequences. Underlined text indicates highest proportion, darker shades indicate
larger proportions

mothers’ S2
input Tonel Tone2 Tone3 Tone4 ToneO | S1%
Tone 1 0.07 0.04 0.03 0.07 0.04 | 0.26
Tone 2 0.01 0.03 0.10 0.07 0.02| 0.23
S1 Tone3 0.07 0.07 0.00 0.09 0.02 | 0.26
Tone 4 0.07 0.03 0.03 0.08 0.03| 0.24
Tone O 0.00 0.00 0.00 0.00 0.00 | 0.01
S2% 0.24 0.17 0.17 0.32 0.10
child S2
targets Tonel Tone2 Tone3d Tone4d4 ToneO | S1%
Tone 1 0.08 0.04 0.03 0.05 0.05| 0.25
Tone 2 0.03 0.03 0.12 0.07 0.02 | 0.28
S1 Tone3 0.09 0.05 0.00 0.06 0.01| 0.22
Tone 4 0.05 0.02 0.03 0.08 0.07 | 0.25
Tone O 0.00 0 0 0 0| 0.00
S2% 0.26 0.14 0.17 0.27 0.16
child S2
forms Tonel Tone2 Tone3 Tone4 ToneO | S1%
Tone 1 0.14 0.04 0.06 0.14 0.17| 0.55
Tone 2 0.02 0.01 0.05 0.03 0.01| 0.12
S1 Tone3 0.07 0.08 0.01 0.04 0.00| 0.20
Tone 4 0.01 0.01 0.01 0.01 0.02 | 0.07
Tone O 0.04 0.00 0.00 0.01 0.01| 0.06
S2% 0.28 0.15 0.12 0.23 0.21
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The findings from Table 4.10 are as follows:

1)

2)

3)

Mothers produced T2-3 most frequently (10%), followed by T3-4 (9%) and T4-4 (8%).
Mothers’ input tended to have words with T3 or T1 equally in S1, although the four
tones occurred fairly equally in S1 (with the exception of TO which does not usually
occur in S1 [see previous findings from Shang & Zhao, 2013; Zhu, 2002]). T4 tended
to appear in S2 over the other tones.

Children targeted words with T2-3 most frequently (12%), followed by T3-1 (9%) and
T1-1 and T4-4 (both 8%). Children tended to target words with T2 in S1, although,
similar to mothers’ input, the four tones also occurred fairly equally in S1. Again,
similar to mothers’ input, T4 in S2 slightly dominated over the other tones.

Children produced T1-0 most frequently (17%), followed by T1-1 and T1-4 (both
14%). More than half of the children’s words were T1 in S1, and T1 tended to appear

in S2 as well.

Thus, there is no common most frequent tone sequence among all three data sources of

mothers’ input, child targets and child forms. T2-3 is the common tone sequence between

mothers’ input and child targets and T1-1 is the common tone sequence between child

targets and child forms. There is no common tone sequence between mothers’ input and

child forms (i.e., children are not producing the tone sequences they are hearing from their

mothers). In general, the children produced T1-x tone sequence most frequently (making up

55% of all productions), especially the T1-0 tone sequence.

The set of contrasts in the tone sequences in Table 4.10 above is interesting as it shows that

the tone sequences the children are hearing from their mothers and are targeting are not the

tone sequences they are producing. The children may be targeting words with the same

frequent tone sequence that they hear their mothers produce (T2-3), but the T2-3 tone

sequence is not being produced frequently by the children. Meanwhile, children are targeting

and producing the T1-1 tone sequence fairly frequently, potentially a selected tone template
(cf. Mok & Lee, 2018; Vihman, 2019, see discussion in section 4.2.3.2).

Moreover, based on Table 4.10, while there were few instances of words with neutral tones,

mothers and children in the longitudinal study did produce them, and the pitch of the neutral

tone also differs depending on the tone of the preceding syllable, as has been previously

reported. This is corroborated by acoustic analyses using Praat (Boersma & Weenik, 2012)

— a sample of the TO words produced by mothers (5a) and children (5b) is displayed in
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Figure 4.5 below. (Not all the mothers and children produced Tx-0 tone sequences;

accordingly, some tone sequences are missing.)
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Figure 4.5a: Tx-0 tone combinations produced by mothers
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Yi Ling Fu Zhen En Ting Yan Min
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Figure 4.5b: Tx-0 tone combinations produced by children

T1-0 tended to start high and level and then fall slightly, T2-0 began with a rise and then
levelled off, T3-0 dipped before rising slightly and T4-0 started with a fall and continued to
taper off. This finding of TO in S2 in the present study contradicts previous discussion (Lock,
1989; Shang & Zhao, 2013, 2017), which concluded that there is no use of the neutral tone
in Singapore Mandarin. Lock (1989) explained that Singapore Mandarin speakers may have
retained more toned syllables due to the cross-linguistic influences of the syllable-timed
manner of Southern Chinese languages native to many speakers in the Singapore Chinese
community. Shang and Zhao (2013, 2017) examined the Mandarin education syllabus in
Singapore and found no explicit pedagogical instruction in relation to neutral tone. They state
that while students in classes may use the neutral tone when reading passages out loud,
they do not typically produce it in everyday conversation. Additionally, the authors analysed
the neutral tone usage of television broadcasters and found inconsistencies, e.g., the same
word malmaO ‘mother’ was produced as malmal in two instances and malmao in three
instances. The strong claim of ‘no neutral tone in Singapore Mandarin’ may need to be toned
down: there DOES appear to be neutral tone usage in Singapore Mandarin, though it may

be inconsistent.

4.2.2 Level of precision of tone sequences and patterns of tone substitutions

The next analysis examines the precision of the productions of tone sequences, i.e., whether
the child forms matched the target tone sequences. Table 4.11 depicts a heat map of the

accuracy distribution of tone sequences.
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Table 4.11: Heat map of distribution of precision of tone sequences by children

Legend: S1 = first syllable, S2 = second syllable. Numbers in cells indicate proportion of accurate
productions. Underlined text indicates highest proportion, darker shades indicate larger proportions

child S2
forms Tonel Tone2 Tone3d Tone4 ToneO | S1mean
Tone 1 0.57 0.48 0.35 0.62 0.27 0.46
Tone 2 0.20 0.39 0.37 0.22 0.13 0.26
S1 Tone 3 0.44 0.63 NA 0.42 0.00 0.37
Tone 4 0.17 0.29 0.12 0.14 0.36 0.22
S2 mean 0.35 0.45 0.28 0.35 0.19

From Table 4.11, in general, T1 was the most precisely produced in S1 (46%, as seen in the
rightmost column ‘S1 mean’), and T2 was the most precisely produced in S2 (45%, as seen
in the bottom row ‘S2 mean’). Precision for T4 in S1 was low (22%, rightmost column,
bottom-most row), because the majority of occurrences of T4 in S1 were substituted as T1:
of the total productions of T4-x tone sequence types, 72% were produced as T1-x tone
sequences, with the next most frequent substitution being T4-x = T1-0. Considering tone
sequences as a whole, using the above-chance level (5%) acquisition criteria adapted from
Mok et al. (2020) for disyllabic tone sequences, children have actually acquired all tone
sequences except T3-0, which is also the lowest frequently-occurring tone sequence based
on the CDI (3%, previously presented in Table 3.4). However, the level of precision varies
across tone sequences (e.g., T4-x tone sequences had the lowest precision levels because

they were substituted with others).

Next, the discrepancies between the top three most frequent tone sequences (from Table
4.10) and the top three most precise tone sequences (from Table 4.11) in the child forms are
discussed. T1-0, T1-4 and T1-1 were the most frequently occurring tone sequences,
whereas T3-2, T1-4 and T1-1 were the most precisely produced tone sequences. The

frequency x precision of these tone sequences is presented in Table 4.12.

Table 4.12: Frequency x precision of top tone sequences

tone sequence frequency precision comment

T1-0 0.17 0.27 high frequency low precision
T1-4 0.14 0.62 high frequency high precision
T1-1 0.14 0.57 high frequency high precision
T3-2 0.08 0.63 low frequency high precision
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Based on Table 4.12, T1-4 and T1-1 both occur frequently with high precision. This is
unsurprising, given that both tone sequences were reported in Lou (2020) at an earlier
lexical level, the 4wp and 25wp. The remaining two tone sequences are interesting: T1-0 has
high frequency but low precision, because it was a substitute for many tone sequences. On
the other hand, while T3-2 did not occur very frequently, it nonetheless had the highest
precision, which could be because many of the T3-2 words were kinship terms. Children
presumably could produce the terms of address of their daily interlocutors very precisely. In
fact, T1-0, T1-1 and T3-2 were systematically produced among kinship terms; section
4.2.3.2 is dedicated to further discussion of the occurrence of these three tone sequences in

kinship terms.

4.2.3 Discussion

The focus of this chapter was the tone sequences and systematic patterns or ‘tone
templates’ in the children’s speech. The findings from the present study provide an
interesting perspective on the tone sequences the children target and produce: children’s
output did not mirror the input they received. The findings and the implications of these

findings are explored in what follows.

4.2.3.1 High frequency and moderate level of precision of T1-x tone sequences in children’s

productions

In general, the tone sequences children produced were different from what they heard from
their mothers and also different from words they targeted. Previous findings have been
mixed regarding whether children between the ages of 1 and 3 have ‘mastered’/acquired
single tones (yes: e.g., Li & Thompson, 1977; Zhu, 2002; no: e.g., Wong & Strange, 2017,
Xu Rattanasone et al., 2018). No study has looked at the mastery/acquisition of tone
sequences: the findings of this study add on to the acquisition literature that children have
acquired most tone sequences by age 2 years and up. The order of acquisition, according to
Table 4.11, seems to be T1-x > T3-x > T2-x > T4-x sequences. Recall that Wong (2013)
proposed the following order for acquisition of single tones: T4 > T1 > T2 > T3. It appears
that T4 is first acquired as a single tone, but when it comes to sequences, T1-x sequences
are more readily produced. The finding that T1-x sequences are more readily produced and
with the highest level of precision is expected, because T1 is a well-practiced tone from the
babbling years (cf. Lou et al., 2018) and earlier lexical points (cf. Lou, 2020). As a single
tone, T3 has the most complex fall-rise tone contour of the four tones. In a tone sequence,

especially when T3 is followed by T2, its tone contour is often reduced to the earlier dipping
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2-1 part only (Li & Thompson, 1977; Zhu, 2002), thus the transition from the 2-1 in T3 to the
3-5in T2 may be quite natural. T3-2 has the highest level of precision of all tone sequences,
probably also because many of the terms with T3-2 are familiar kinship terms. This
discussion on T3-2 and kinship terms continues in section 4.2.3.2.3.

Additionally, there was also a discrepancy between the frequency of occurrence of tone
sequences and level of precision. There are varying levels of precision across the tone
sequences, because many tone sequences were produced as substitutions for other tone
sequences. This discrepancy is discussed in the next analysis: the findings of the frequency
and precision of the most frequently produced tone sequences from the present study are
compared with children at an earlier stage of lexical development — the 4wp and 25wp

stages of Lou (2020), presented in Table 4.13 below.

Table 4.13: Frequency x precision of the most frequent tone sequences over three lexical
stages
Legend: NA = not reported; table is ordered by the decreasing order of ‘present >25wp frequency’.

Data from ‘Loudwp’ and ‘Lou25wp’ are from Lou (2020), data from the present study (grey cells) was
previously presented in Table 4.12.

Loudwp Lou25wp present >25wp

frequency | precision | frequency | precision | frequency | precision
T1-0 |0.20 0.55 0.18 0.41 0.17 0.27
T1-4 |0.25 0.00 0.15 0.08 0.14 0.62
T1-1 |0.13 0.57 0.14 0.23 0.14 0.57
T3-2 | NA NA NA NA 0.08 0.63

Across both studies (Lou, 2020 and the present study), T1-0, T1-1 and T1-4 were the most
frequent tone sequences the children produced. However, the levels of precision differ. The
level of precision of both T1-0 and T1-1 fell between Loud4wp and Lou25wp. Lou mentioned
that the words produced at the 4wp consisted mainly of kinship terms and onomatopoeia
(many of which are T1-0 and T1-1), which explained the high precision. At the 25wp, when
kinship terms and onomatopoeia were still frequent, T1-0 and T1-1 were produced both for
lexical targets and as substitutes for lexical targets with other sequences, which accounted

for the reduction in precision.

At the 4wp, T1-4 was produced only as a substitute for other tone sequences, so at the
25wp there was some level of precision where previously there had been none, whereas
precision for the T1-4 tone sequence was high in the present study. For the present study,
T1-1 and T3-2 also showed high levels of precision, mostly because many of these words

were kinship terms.
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However, there are a few important differences between Lou (2020) and the present study,
as mentioned in the discussion section earlier (section 4.1.4.2). In brief, Lou studied children
learning Mandarin monolingually at home in Yorkshire, UK, while their ambient environment
outside the homes had English exclusively, whereas the children in the present study were
immersed in a multilingual environment (mostly Mandarin and English, with some presence
of additional Chinese languages). Thus, some of these differences may be due to

multilingual influences, especially in the case of kinship terms.

It is likely that the frequency and precision of tone production are also in part dependent on
the physiological articulation of the tones themselves. Tone is a function of the rapid
modulation of the vocal cord muscles, which tense or relax, depending on the tone (Ohala,
1978; Sagart et al., 1986). T1 is a high level tone whereas T4 is high falling ['55" and ‘51’,
respectively, in Chao (1930) notation]. T4 is articulated by decreasing vocal fold vibration or
releasing the tension of laryngeal muscles, resulting in a natural falling contour. This could
be why T4 occurs less often in S1; it is more common in S2 (see Table 4.11), the tone being
a falling contour is more effortlessly produced in S2. This could also explain why the T4-x
tone sequences in the present study were overwhelmingly produced as T1-x tone
sequences, leading to low precision levels for T4-x tone sequences.

This set of findings follows from the differences Lou et al. (2018) found in tonal contours in
the babbling of Mandarin- compared with English-learning 9- to 12-month-old infants (8 in
each group). Mandarin-learning infants tended to use T1-4 and T1-1 and not T4-x tone
sequences (similar to the overwhelming substitution of T4 in S1 with T1 found in the present
study); Mandarin-learning children used significantly more T1 than the English-learning
infants. In contrast, English-learning infants favoured T4-x tone sequences, especially T4-4,
when they did produce disyllabic vocalisations (which were less often observed in that
sample). Lou et al. concluded that the falling contour (T4) represents a ‘global intonation’
(given that English-learning infants also produce the tone), but to the Mandarin-learning

infants, the tone also represents a lexical contrast.

Thus, Lou’s (2020) finding that children in her study favoured tone sequences which start out
high and then fall, i.e., T1-4 and T1-0, extends to the later lexical stage observed in the
children in this study. Even though the present study did not test children from the 4wp,
extrapolating from Lou (2020), the high frequency of use of both T1-x tone sequences found
in the present study may have had its roots in the well-practiced motoric routines from these

children’s babble and early word production as well.
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In terms of selection vs. adaptation (cf. Vihman & Croft, 2007; Vihman, 2019), the high
frequency and moderately high levels of precision of T1-1 indicates that children selected
T1-1 words to target and produce (as these are a frequently occurring tone sequence in both
targets and child forms), then adapted other tone sequences to fit T1-1 (e.g., substituting T1-
1 for T4-x). Just as Mok and Lee (2018) found for the templates in their study, the T1-1 tone
sequence in this study was also used as an apparent template alongside the accurate adult

form.

While T1-0 was the most frequent tone sequence in the child forms, it was also the least
precise. T1-0 was seemingly the de facto substitute tone sequence, which might mean it was
used as a tone template, similar to but different from the T1-4 Cantonese tone template Mok
and Lee (2018) found in their study. The low frequency of occurrence of T1-0 in a child’s
ambient environment (indicated from mothers’ input) and words the children target (see
Table 4.13) shows that T1-0 was a tone template to which children adapted other tone
sequences. Just as Choo et al. (2019) found and unlike Mok and Lee’s (2018) original
finding, the T1-0 tone template was not predominantly found in reduplicated forms. The
reasons for the prevalence of the T1-0 tone sequence as a substitute tone sequence could
thus be three-fold: not only is the sequence fairly effortless to produce in articulatory terms,
the tone contour is also similar to the natural contour of English, the dominant language in
the environment and it has been a well-practiced tone sequence since the babbling stage
(cf. Lou et al., 2018).

4.2.3.2 Systematic patterns of tone production in kinship terms in Singapore Mandarin

The previous sections have revealed the prominence of the T1-1, T1-4 and T1-0 tone
sequences in children’s productions and the precision of T1-4 and T3-2 tone sequences.
This is despite the fact that none of these were among the mothers’ most frequently
produced tone sequences, indicating a discrepancy between children’s input and output.
There was also a discrepancy between the tone sequences that were frequently produced
as compared with those precisely produced by the children. T1-1 may be considered a tone
template that was both selected and adapted, whereas T1-0 may be considered an adapted
tone template. A closer look into the discrepancy reveals that three of these four tone
sequences have a common lexical point of convergence: T1-1, T1-0 and T3-2 occur

frequently in the category of kinship terms.
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While kinship terms are usually disyllabic, they may stand alone as single syllables, termed
the base syllable. Words in the familial category tend to be reduplications of the base
syllable (e.g., in malmaO ‘mother’, the base syllable ma is repeated twice). As mentioned in
section 2.2.2.1, reduplication is a productive morphological process (cf. Li & Thompson,
1981; Matthews & Yip, 2011). Lexical reduplication of both nouns and verbs has been found
to be more common in Mandarin than in English (Xuan & Dolloghan, 2012). According to Lin
(1990), there are four derivational types of reduplications in Mandarin (these have previously
been mentioned in section 4.1.4.2) and her last category of reduplicated kinship terms is the

current focus.
For mothers, kinship terms from other sessions were transcribed only if the terms had not
been used in the first transcribed session. For children, kinship terms were collated across

all sessions. Children’s real names were omitted but nicknames were included.

The following tables show the mothers’ (Table 4.14) and children’s (Table 4.15) productions
of kinship terms in this study.
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Table 4.14: Mothers’ productions of kinship terms

Legend: Underlined text indicates highest proportions

gloss tone sequences
11 14 10 20 31 32 41 42 44 40 01
mother malma0 ma3maz2
older brother ko3ka2
kn3ko2

maternal grandfather  kon1kon1 uai4kon1t
maternal grandmother pho3pho2 uai4pho2t
paternal grandfather ie2ie0
older sister teie3teie1 tsie3tsie2

tse3tset tse3tse2
paternal grandmother nai3nail  nai3nai2
father palpaO pa3pa2 pa4pa0
younger brother tiltio ti4tio
younger sister meilmei4 meilmeiO mei3mei2
child's nickname midkual
child's bro's nickname tein1kua0
child's nickname eil1si1 ei16i0 ei36i1 6i36i2 ei0si1
aunty a3i2
uncle teiudtsiud
female maternal aunt piau3i2
N = 33 types 2 1 6 1 4 12 2 1 1 2 1
% 0.06 0.03 0.18 0.03 0.12 0.36 0.06 0.03 0.03 0.06 0.03

T See footnote of the use of uai4 under section 4.2.3.2.1 ‘T1-1 pattern’ below

Mothers mostly produced the kinship terms as T3-2 (36%), T1-0 (18%) and T3-1 (12%). However, there were certain terms that mothers

produced in myriad different ways (e.g., there were four ways of producing of ‘older sister’ [teie3tgiel, teie3tgie2, tse3tsel and tse3tse2] and

three ways of producing ‘father’ [palpa0, pa3pa2 and pa4pa0]).
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Table 4.15: Children’s productions of kinship terms

Legend: grey cells — present in mothers’ input (see Table 3.7) but not present in child forms, underlined text indicates highest proportions

gloss 11 12 14 10 20 31 32 34 41 42 40 01 02 04 00
mother malmal malma4 malmal ma2ma0 ma3mal ma3ma2 ma3ma4 maOmal maOma2 maOma0
older brother ke1ke1 ko1kad ko 1ka0 ko3ka1 ko3ka2 koOko1 koOko4  khpOkhoO
ko1ko1 kn1kn4 kn1kn0 kn3kn2
maternal kon1kon1 uai1konO uai4kon1
grandfather
maternal po3pol pho3pho2
grandmother
paternal
grandfather
older sister tettet teie 1tcie0 teie3tie1  toie3tcie2 tseOtel teOte0
tceltce1 tse3tse2
te3te2
paternal nai3nail
grandmother
father palpal palpa0 pa3pa2 padpa2 padpa0l
younger tiltio ti4tio
brother tiltsio
tsiltsio
younger sister
child's midkual
nickname
child's bro's tein1kua0
nickname
child's cileil 6i16i0 tei3ei2 hiOgi1
nickname i16i0 6i36i2
i3gi2
aunty alil ali2 ali4 alio a3i2
uncle diuldou0
female pia3i2
maternal
cousin
N =62 9 1 4 14 1 5 13 1 2 1 2 4 1 1 3
types
% 0.15 0.02  0.06 023 0.02  0.08 021  0.02 003 0.02 0.03 006 0.02 0.02  0.05

The different ways children produced the kinship terms were mostly T1-0 (23%), T3-2 (21%), and T1-1 (15%). The remaining tone sequences

each saw under 10% occurrence per type.
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Taking Tables 4.14 and 4.15 together, T3-2 was the most frequently produced tone
sequence by mothers and children in terms of highest total combined percentage. Children
(23%) produced T1-0 proportionally more often than the mothers did (18%) as an adapted
tone template, as discussed above; in the category of kinship terms, T1-0 seems to be an
adapted tone template as well.

T3-1 was mothers’ next most frequent tone sequence (12%), while T1-1 was the children’s
next most frequently produced sequence (15%), a sequence that was produced by mothers
in only two words (kon1kon1 ‘maternal grandfather’ and gilgil, Yan Min’s nickname). T1-1,
then, seems to be both a selected and adapted tone template in general and in the category

of kinship terms as well.

These three tone sequences were also the only ones with more than 10% frequency in the
children’s forms. All other tone sequences were used less than 6% of the time. Subsequent
analyses will focus on T1-1, T1-0 and T3-2, discussed in increasing order (by total
percentage across mothers and children) of overall use.
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Table 4.16 presents the kinship terms that were produced in the three tone sequence

patterns.

Table 4.16: Observable patterns in children's productions of kinship terms

gloss mothers’ input | patterns in child forms
T1-1 T1-0 T3-2

mother malma0 malmal malma0 ma3maz2
ma3maz2

father palpaO palpal palpa0 pa3pa2
pa3pa2
padpal

older sister teie3tcie1 tettet teie 1teie0 teie3tcie2
tse3tse tceltee tse3tse2
leie3tcie2 te3te2
tse3tse2

older brother ke3ka2 ko1ke1 ko1ks0 ko3ke2
ko3kn2 kn1ko1 kn1kn0 kn3kn2

Yan Min’s nickname ci1git ei1git ei1si0 tei3ei2
ei1gi0 i16i0 ei3ei2
ei36i1 i36i2
6i36i2

maternal grandfather kon1kon1 kon1kon1 uai1kon0
uai4kon1

aunty a3i2 alil a3i2

younger brother tiltio tiltio
ti4tio tiltsio

tsiltsio

Yi Ling’s brother’s nickname tgin71kua0 tein1kual

uncle teiudteiu4 diuldouO

maternal grandmother pho3pho2 pho3pho2
uai4pho2
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Two findings of note can be observed from this table. First, mothers themselves produced
kinship terms using various tone sequences, so they too were inconsistent in their tone
sequences. Children then sometimes selected the same tone sequences to produce, and at
other times adapted other tone sequences to the ones already prevalent in their repertoire.

Next, different words lend themselves to different tone sequences: frequent terms have been
known to be the most variably produced (cf. Stoel-Gammon, 2011), in this study, by children
AND mothers alike. ‘Mother’, ‘father’, ‘older sister’, ‘older brother’ and Yan Min’s nickname
were the most frequently occurring kinship terms, which could explain why children produced
them in all three observable patterns of tone sequences. These three tone sequences were
both accurately produced and used as substitutions for the other two tone sequences by
children. In addition, the presence of a referent in the situational context may also have
affected the frequency of productions. Of these three words, ‘older sister’ was produced by
all four children because of the investigator’s presence: The parents had told their children to
address the investigator as such (she was also referred to as ‘aunty’® by Fu Zhen’s
grandmother and Yan Min’s mother; interestingly Yan Min also referred to the investigator as
‘older sister’ at various times, without prompting from her mother). In general, the kinship

terms used were mostly those of the immediate interlocutors.

42321 T1-1 tone template

In general, from the earlier tables, T1-1 did not appear among mothers’ frequent tone
sequences, but was among the frequent tone sequences children targeted and produced
(see Table 4.10). Specifically for kinship terms, there were only two T1-1 words mothers
produced: kon1kon1’ ‘maternal grandfather’ and silgil, Yan Min’s nickname. Thus, within

the seven words with the T1-1 pattern in Table 3.11, five were produced with T1, either fully

6 ‘Aunty’ is a term of politeness used in Singapore (and in many other places) to address middle-
aged/matronly women “who are perceived to be old enough to be one’s mother” (Wong, 2006, p.3). It
is more often used for non-biological relations as biological aunts have specific titles depending on
family conventions. It may also be used for younger women (e.g., in the case of Yan Min addressing
the investigator), as parents do not want to confuse children who do not yet know the difference
between biological ‘older sisters’ and ‘older sisters’ who may look too “youthful” to be an ‘Aunty’.

7 Maternal grandparents are addressed as uai4pho2 ‘maternal grandmother’ (not produced in present
study) and uai4kon1 ‘maternal grandfather’; paternal ones are nai3nail ‘paternal grandmother’ and
ie2ie0 ‘paternal grandfather’ (only produced by mothers, not produced by children in present study).
The prefix uai4 means ‘outside/external’, reinforcing the patriarchal notion that the paternal line is
‘inside/within’ the family whereas maternal relations are considered ‘outside/external [to]’ the family.
Some families choose to make it more neutral or to match the paternal side by simply reduplicating
the pho2 or kon1 (see examples in Tables 4.14 and 4.15) or they may use something completely
different (e.g., Fu Zhen calls her paternal grandmother nai3nail but maternal grandmother ma2ma3
[tone numbers as approximated to Mandarin]).
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reduplicated (‘maternal grandfather’ and Yan Min’s nickname), in either the first (‘mother’

and ‘father’) or the second syllable (‘older sister’).

Furthermore, the remaining two words, ‘older brother’ and ‘aunty’, can also include T1: the
base syllable of ‘older brother’ is ko1, the reduplicated form can be kalkel (although
mothers produced the T3-2 tone sequence more often and the a in a3i2 ‘aunty’ is also often
produced as al. Even though the mothers did not produce these with T1 forms, the children
could have heard these words with T1 forms from others, because the children did produce
‘aunty’ with al as well (see Table 4.15). Therefore, the strong prevalence of T1 in these
words may have led to the whole category of ‘family members with whom the children come

into daily contact’ to follow a T1-1 tone sequence.

In short, T1-1 seems to be a unigue tone sequence that children selected for production and
adapted for non-T1-1 tone sequences. T1 is acoustically salient (Liu et al., 2007; Mok & Lee,
2018) and a tone that children are said to acquire first (Li & Thompson, 1977; Lou, 2020;
Zhu, 2002). As mentioned earlier, T1-1 may have been a well-practiced tone sequence since
the babbling stage for the children in this study as well (cf. Lou et al., 2018), so children are
adept at producing T1 and, in fact, overproducing them (see high precision of T1-1 even at
the 4wp in Lou’s data, presented in Table 4.13). The high frequency of occurrence and use
of T1-1, mostly with reference to the children’s immediate kin, may have led to its high
precision, which in turn led to its becoming a tone sequence that children selected and

adapted for use.

42322 T1-0 tone template

Four of the items in the T1-0 set were produced as T1-0 by both mothers and children
(‘mother’, ‘father’, ‘younger brother’ and Yan Min’s nickname). These words relate to
immediate family members with whom the children come into daily contact. Even though the
children in the study did not produce ‘father’ frequently, the terms ‘mother’ and ‘father
frequently occur together. The fact that ‘mother’ was produced more than twice as often as
‘father’ may have led ‘father’ to be adapted to having T1 in S1. The T1-0 tone sequence may
then have generalised to words in the semantic category of ‘family members’, including all
the other words in this set. In the specific category of kinship terms, T1-0 is thus a tone
template that children both selected (‘mother, ‘younger brother’, Yan Min’s nickname) and
adapted (‘father’).
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Among the four words produced by mothers and children as T1-0, Yan Min’s nickname and
‘mother’ have T1 base syllables whereas ‘father’ and ‘younger brother’ have T4 base
syllables. As previously mentioned, T4 is frequently substituted with T1 in S1, which could
also explain why ‘father’ and ‘younger brother’ were produced by both mothers and children
with the T1-0 tone sequence. The T4->T1 substitution pattern in combination with the cross-
linguistic transfer of the trochaic English pattern previously mentioned (cf. Mok & Lee, 2018)
could then perhaps explain the child productions of uai4kon1 ‘maternal grandfather’ and
teiudteiu4 ‘uncle’ as uai1konO and diuldouO, respectively, again, an adaptation of T1-0 to

non-T1-0 terms.

Additionally, Yi Ling’s mother produced the most T1-0 tone sequence of all adults, which
would explain why Yi Ling herself also produced the most T1-0 of all children. T1-0 made up
41% of her utterances, most of which referred to her immediate family members — ‘mother’,

‘father’ and ‘younger brother’. Hence Yi Ling was matching what she heard in her input.

As mentioned earlier, T1-0, like T1-1, may also have been a well-practiced tone sequence

since the babbling stage for the children in this study (cf. Lou et al., 2018).

4.2.3.2.3 T3-2 pattern

The T3-2 pattern found amongst the kinship terms is likely the most interesting of all. T3-2 is
best considered simply a ‘pattern’ rather than a template, because it is an entrenched
pattern of pronunciation in parents’ usage as well and not an idiosyncratic child invention,
but seemingly restricted to kinship terms and specific to Singapore, with its large amount of

language mixing.

On the one hand, there may simply be a phonetic basis for the frequency of use of this
pattern. The tone contour of T3 is a mild dip followed by a rise, described as 2-1-4 in Chao
(1930) notation, while the tone contour of T2 is a rise from 3 to 5. When T3 is followed by T2,
its tone contour is often reduced to the earlier dipping 2-1 part only (Li & Thompson, 1977,
Zhu, 2002), thus the transition from the 2-1 in T3 to the 3-5 in T2 may be quite natural. As
mentioned earlier, Wong (2013) also proposed that T3-2 has a simple FO contour because
there is less FO transition from the low FO offset in T3 to the low FO onset in T2. This may be
seen in the T3-2 acoustic contours produced by the mothers and children in Figure 4.6,

where, in general, there is a small dip followed by a small rise.
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Figure 4.6: Acoustic contours of T3-2 produced by mothers (top) and children (bottom)

As mentioned under Figure 2.1, Lee (2010) ran an acoustic analysis of Singapore Mandarin
and found that for T2, there was a fall to a mid-low stretch before a rise to a high pitch level
at the end of the syllable. This pattern can be seen in some of the contours of two of the
children, Yi Ling and Yan Min.

On the other hand, aside from articulatory properties, there may be a sociolinguistic
explanation for the prevalence of the T3-2 pattern. The ethnic Chinese community in
Singapore is a linguistically diverse one; there is a lot of language mixing (i.e., people use
words from multiple languages in the same sentence) of the Chinese languages (even
before adding English into the mix) as people from the different Chinese language groups
inter-marry (and there are also, increasingly, inter-ethnic marriages, but this is beyond the
scope of this thesis) and still maintain the languages of their homes in their new families.
Matthews and Hickey (2010) discuss the influence of Mandarin syntax on the other Chinese
languages, such as Cantonese and Hokkien (it can be argued that there is a corresponding
influence of Cantonese [cf. Zhang, 1988] and Hokkien lexis [cf. Chen, 1983] on Mandarin as
well [see also Chua, 2003; Lim, 2007]). Here the investigator speculates, similarly, that the
T3-2 pattern of substitutions is a crossover effect from Cantonese to Mandarin kinship terms

in Singapore.

The ethnic Chinese community in Singapore are made up mostly of people who came from
various regions of southern China: the Hokkiens (39.6%), Teochews (19.8%), Cantonese
(14.4%), Hakkas (8.4%), Hainanese (7.2%), Foochows (1.9%), Henghua (0.9%),
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Shanghainese (0.7%), Hockchia (0.6%) and others (7.1%) (Department of Statistics
Singapore, 2020). At independence (in 1965), no ethnic Chinese used Mandarin as their
predominant home language (Afrendas & Kuo, 1980). For many Chinese families in
Singapore, one’s elders in the family are still addressed in non-Mandarin terms. According to
Lee (2011), the use of these non-Mandarin terms is the result of the parents (e.g., the
parents of the children in this study) having grown up with those languages in the household.
The linguistically heterogeneous Chinese community thus spoke mutually unintelligible
languages, which reinforced their segregation into their respective clan associations (Stroud
& Wee, 2007), thus the Speak Mandarin Campaign was launched in 1979 to unite the

community.

Nonetheless, some families still prefer to use non-Mandarin address terms as it is the
language of the home and brings with it a sense of emotional belonging that runs deeper
than would a Mandarin term of address (Lee, 2011), the latter being seen as a government-
mandated language for which the older generation had to ‘sacrifice’ their own language
(Rappa & Wee, 2007; see also Ng, 2010, for further discussion and a critique about the
government policing what people could do in their personal households). Titles are used
rather than names to address elders as a sign of respect, unlike the use of direct names in
the western world. Even if names are used, a suffix that denotes one’s relation to the other
person is attached to it, e.g., Yvonne piau2tgie3 ‘older maternal female cousin Yvonne’. If
parents come from one of the different language groups (e.g., Hokkien, Teochew,
Cantonese etc.), the titles used may reflect the language of their respective households.
Thus, children may learn to address their Cantonese grandmother by the Cantonese term
ma:4ma:4 (tone numbers in Cantonese) and their Hokkien grandmother by ‘a-ma’. The high
frequency with which children have to address family members of differing language groups
and the corresponding intermingling of the Chinese languages might have thus created

crossover patterns out of the various tone sequences in the respective languages.

Even though the Cantonese-speaking population did not (and still do not) make up the
majority of the Chinese population in Singapore, Cantonese had a substantial influence on
Singapore English in the 1980s (and its colloquial form Singapore Colloquial English,
especially with regards to the use of particles, see Ansaldo, 2010 and Lim, 2007). Although
Lim (2007) focuses on Singapore English, the language environment Lim is analysing is the
same environment as in the present study. Lim (2007) proposed that the 1980s was the age
of the ‘global-media languages’, including English and Cantonese (prior ‘ages’ included the
influence of Malay, Hokkien and Tamil among others). Lim noted that Cantonese was

particularly prominent for two reasons. First, culturally, the 1980s were the golden years of
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music and film entertainment from Hong Kong, where matrtial arts films, television series and
Cantonese pop music permeated the airwaves of Hong Kong and overseas Chinese
communities (Wong, James, 2003, cited in Lim, 2007; see also Zhang, 1988).

Next, on a more linguistically relevant note, Cantonese continued to be used at home
despite the Speak Mandarin Campaign (which had made most others switch to Mandarin as
the home language over the other Chinese languages). When each language group was
studied separately (most recently, in Lee, 2001), the Cantonese still spoke Cantonese more
frequently at home (36% in 2000) compared with Mandarin (32%), in contrast to the
Hokkiens and Teochews, who spoke more Mandarin (46% and 43%, respectively) than their
own language (29% and 26%, respectively). Perhaps the influence of Cantonese can be
observed from the fact that parents have generally begun to teach children the Cantonese
term for ‘older brother’ and ‘older sister’ (regardless of the actual language group of the
family — this applies to the families in this study as well as the general Chinese community in

Singapore), while other terms of address are in Mandarin or the other Chinese languages.

For the T3-2 kinship terms, there was a full match between mothers’ and children’s
productions: none of the T3-2 tone sequences children produced were a substitution of
another pattern; they were all instances their mothers had also used. To better explain the
T3-2 pattern in Mandarin, the parallels between the tones in Cantonese and Mandarin are
presented in Table 4.17.

Table 4.17: Parallels between the 6 tones in Cantonese (adapted from the table in Yu, 2009)

and 4 tones in Mandarin; Chao (1930) notations are used

Cantonese | T153~55|T225|T333|T421 |T523|T6 22
Mandarin | T1 55 T2 35 T3 214 T4 51

This analysis utilises a similar way of discussing Mandarin vocative reduplications (cf. usage
of the term by Lin, 1990) as the discussion of the same in Cantonese in Yu (2009). From the
table, some similarities in the tone properties of Cantonese in relation to Mandarin may be
observed: T1 = T1, T2 = T2 and T4 = T3. Given that three of four Mandarin tones overlap
with Cantonese, it is reasonable to expect an influence of Cantonese on some words in
Mandarin. Table 4.18 lists the kinship terms that were produced as T3-2 in Mandarin and

their equivalents in Cantonese.
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Table 4.18: Comparisons between Cantonese® and Mandarin productions of kinship terms

Legend: grey cells: present in mothers’ input (see Table 4.14) but not present in child forms

similar tone sequences (T4-2 = T3-2) different tone sequences (T4-1 2> T3-2)

gloss Cantonese  Mandarin gloss Cantonese  Mandarin
(T4-2) (T3-2) (T4-1) (T3-2)

(neutral) pho4pho2 pho3pho2 mother ma:4ma:l ma3maz2

grandmother

paternal iedie2 ie3ie2 father pa:4pa:l pa3pa2

grandfather

younger mui4dmui2 mei3mei2 older sister tse:dtse:l tse3tse2

sister

younger tai4tai2 ti3ti2 older brother ko:4ko:1 ko3ko2

brother* ti4ti2

¥ Younger brother is a special case: sai3lou2 is used more often than tai4tai2; ti4ti2 may sometimes
be used in child- or infant-directed speech. Separately, ti4ti2 is sometimes used to refer to young boys
in general, though the more common form is sai3lou6.

The frequency of the tone sequences T3-2 vs. T3-1 (which approximates the Cantonese T4-
1) in mothers’ speech also cannot explain why T3-2 is more prominent: the mothers make
only 7% use of T3-1 and T3-2 (see Table 4.10).

Given the ubiquity of families teaching their children the Cantonese terms for ‘older brother’
and ‘older sister’, these words are the likely sources of the T3-2 tone sequence. However,
this tone sequence is not exactly the same as in Cantonese, because in Cantonese the
second syllable has a high tone, T1, i.e., ts€:4tse:1 and ko:4ka:1 (see Table 4.18), whereas
the Mandarin form uses the rising T2. Thus, the final Mandarin iteration that mothers
produce and children learn in Singapore is a combination of Cantonese tse/ko syllables with
a Mandarin T3-2 tone sequence. However, the approximated Mandarin T3-2 tone sequence
can nonetheless be found in other words in Cantonese (left block of Table 4.18), so it could
have been adapted from those words and does not constitute a unique Mandarin creation:
‘grandmother’, ‘paternal grandfather’, ‘younger sister’ and ‘younger brother’ all have the
Cantonese T4-2 tone sequence that is similar to the Mandarin T3-2 tone sequence. This
Mandarin T3-2 tone sequence is then also adapted to the other two Cantonese T4-1 terms

for family members to form ma3ma2 ‘mother’ and pa3pa2 ‘father’ in Mandarin.

8 | thank Justin Lo for his assistance with the Cantonese forms.
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Relating back with the T1-1 pattern, the fact that tse4tsel ‘older sister’ in Cantonese is
similar to a T3-1 tone sequence in Mandarin (T4 in Cantonese is similar to T3 in Mandarin,
recall Table 4.17) could also explain the T1-1 reduplication of the term. Children first picked
up on the more salient T1 in the tse3tsel and tgie3tgiel ‘older sister’ productions by mothers;
T1is also in the second syllable position which makes it acoustically salient and recent, then
reduplicated the T1 to produce teltel and teelteel for ‘older sister’. Given the closeness of
semantic relations between ‘older sister’ and ‘older brother’, the T1-1 for ‘older sister’ could
also have been adapted from kalkel and kolkol for ‘older brother’ (‘older brother’ itself also

has a base syllable of kel, as mentioned in section 4.2.3.2.1).

Referring to the T3-2 patterns in Table 4.16, Yan Min’s mother also adapted the T3-2 tone
sequence to her nickname gi3gi2. An extension to this T3-2 tone sequence is that all the
adults except En Ting’s mother adapted this tone sequence back to the Mandarin syllables
for ‘older brother’ and ‘older sister’: the adults produced them as ka3ks2 and teie3tgie2 and
so did the children.

Note that this T3-2 Mandarin tone sequence has even been extended into English. Wong,
Jock (2003) showed that terms like boy3boy2 and girl3girl2 (tone numbers in Mandarin) are
also used for referring to little boys and girls in general in Singapore English, and may have
been directly translated from the corresponding terms in Cantonese: tsai4tsai2 ‘boy’ and
ncei4ncei2 ‘girl’ (tone numbers in Cantonese). In the present study the following English
words were also produced by mothers in the T3-2 Mandarin tone sequence: baby, ball ball,
bear bear, darling, dog dog and mummy. Woon and Styles (2021) have documented a
dictionary of words used in routines with children in Singapore, some of which were
produced by the mothers in this study in the T3-2 Mandarin tone sequence as well: shee

shee ‘pee’, ng ng ‘poo’, pom pom ‘shower’, among others.

In Lou (2020) the mothers did not often produce T3 or T3-2, nor did the children in either the
4wp or the 25wp, likely due to the more challenging articulatory contour of T3 and also the
less linguistically diverse environment (mostly monolingual Mandarin at home with more

English outside the home).

Lou (2020) found monosyllabic tone templates (T1 and T4) in her children’s productions at
the 4wp but not the 25wp and no evidence of disyllabic tone templates at both word points.
In the present study, monosyllables were not studied but there was evidence of disyllabic
tonal templatic use by these children beyond the 25wp. As mentioned at the end of Chapter

2 as well, this discussion will be left to the final chapter in order to track the developmental
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timeline and rise and fall of templatic use from the younger and less lexically advanced
children in Lou (2020) through to the older and more lexically advanced children in the
present study.

In the next chapter, the same segment and tone analyses as have been discussed in this
chapter will be examined in an experimental study of Mandarin honword repetition.
Additionally, the possible influences of the frequency of segmental sequences and tone
sequences on children’s productions of segments and tones in newly encountered words are
studied, followed by an exploration of what these findings tell us about phonological

development in Mandarin.
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Chapter 5 — Experimental study: Results and Discussion

5.1 Segmental analyses

The previous chapter revealed systematic patterns of segment and tone productions and
substitutions in children’s everyday speech. In order to provide in-depth insight into
children’s responses to words they have never encountered before, the same segment and
tone analyses that were carried out on the naturalistic data were also carried out with the
nonwords of a nonword repetition task. The similarities and differences in patterns and
substitutions of segmental sequences and tone sequences between the two paradigms can
then be compared; this comparison will be addressed in Chapter 6.

5.1.1 Manner categories of segmental sequences in disyllabic nonwords

The focus of this section is on the segmental sequences of the disyllabic nonwords. Table
5.1 provides a summary of the most common responses and substitutions in terms of the

frequency of manner categories of segmental sequences (Table 5.1).

Table 5.1: Most frequent manner categories in child responses to nonword targets

Legend: P = plosive, F = fricative, N = nasal, L = liquid, V = vowel. Percentage (%) refers to the
proportion of all child responses produced as the respective manner categories. Grey cells indicate
infrequent segmental sequences based on CDI

nonword targets (N = 32, | child responses

4 per category)

segmental sequence most frequent % next most frequent %
NV-PV NV-PV 0.52 V-PV 0.26
LV-FV V-FV 0.43 LV-FV 0.19
PV-PVN PV-PVN 0.42 PV-PV 0.16
FV-FVN FV-FVN 0.39 FV-FV 0.16
FV-NV FV-NV 0.47 PV-NV 0.23
PV-NV PV-NV 0.31 PV-V 0.17
PV-FVN PV-FVN 0.41 PV-FV 0.20
LV-PVN V-PVN 0.40 LV-PVN 0.17

* Note: Other manner categories children produced were under 10% so they were not included in this
table.

117



The average level of precision for segmental sequences was about 40%. Of the 32 nonword
targets, 12 (37.5%) were plosive-initial, 8 (25%) each were fricative- and liquid-initial and 4
(12.5%) were nasal-initial. This corresponded roughly to the distribution as the children
experience in the language, based on the Singapore CDI. Overall, plosive-initial responses
occurred the most often, followed by zero-onset/vowel-initial, fricative-, nasal- then liquid-
initial responses. The fact that plosive-initial responses were produced the most frequently
corresponds to the relative frequency of these nonword targets in the task. However, this
high frequency is also due to the fact that plosives often substitute for fricative-initial
nonword targets. This stopping process has also been observed in other analyses of
children’s words in Mandarin (cf. Cho, 2008; Jeng, 2011, cited in Li & To, 2017).

5.1.2 Children’s responses to disyllabic nonwords with various word structures

The word structures of the children’s responses to the nonwords were explored next. The
findings from the previous section showed that children were fairly accurate in their
production of the word-initial consonant, depending on the consonantal manner categories
of the nonword targets, and the substitution pattern seemed to be mostly omission of the
word-initial consonant. The following analyses of the word structures of the children’s
responses to the nonwords were also carried out so that the findings can be compared with
the data from the naturalistic observations (see Chapter 4).

Of the 32 nonword targets, 24 (75%) were variegated and 8 (25%) were ‘other’. Table 5.2
provides a summary of the distribution in word structures of the nonwords and the children’s
responses. In the data presentation, the categories of reduplication and consonant harmony
took precedence over the rest, i.e., if there were ‘other’ or ‘vocalic’ words that were
reduplicated or harmonised, they were grouped in the reduplicated or harmonised

categories.
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Table 5.2: Word structures of disyllabic nonwords and child forms, classified by segmental

sequence

Legend: P = plosive, F = fricative, N = nasal, L = liquid, V = vowel; RED = reduplication,

CH = consonant harmony, VAR = variegation, voc = vocalic, 1 syll = number of responses that were
one syllable in response to the disyllabic nonword. Underlined text (bottom row) indicates highest
proportion in child forms. Bold/bold and underlined text: referenced in text

nonword targets child forms
n segmental sequence | RED CH VAR other voc 1syll
VAR 4 PV-NV 0 0.02 0.61 0.33 0 0.04
sequences | 2 PV-FVN 0 0.20 0.60 0.20 0 0.00
(N =24) 4 PV-PVN 0 0.13 0.71 0.13 0 0.03
1 FV-FVN 0 0.07 0.33 047 0 0.13
3 FV-NV 0 0.00 0.63 0.27 0.02 0.08
4 NV-PV 0 0.05 0.62 0.32 0 0.02
2 LV-FV 0 0.03 0.32 0.61 0 0.03
4 LV-PVN 0 0.03 0.33 0.60 0 0.03
‘other’ 2 PV-FVN 0 0.07 0.14 0.76 0.03 0.00
sequences | 3 FV-FVN 0 0.26 0.12 0.60 0 0.02
(N=28) 1 FV-NV 0 0 0.13 0.75 0.06 0.06
2 LV-FV 0 0.03 0.16 0.78 0 0.03
total 0 0.07 0.45 0.44 0.01 0.03

Note: the fricative in the ‘other’ sequences is /h/, a glottal fricative, hence it is considered an ‘other’
sequence (made up of only one supraglottal consonant, which is the P or F or L in the sequences)

For the variegated sequences, most were produced as variegated except FV-FVN, LV-FV
and LV-PVN sequences (bold text): these were produced as ‘other’. For all three
sequences, the word-initial consonant was omitted, i.e., the first fricative in FV-FVN and the

liquid in the other two sequence. For the ‘other’ sequences, most were produced as ‘other’.

There was some harmony found for the nonword targets as well. All the harmonised forms
were substitutions because there were no consonant repetitions amongst the nonword
targets. The largest proportion of harmonised responses were in response to the variegated

PV-FVN sequence and the ‘other’ FV-FVN sequence (bold and underlined text). For the

variegated PV-FVN sequences, the harmonised responses were [t]-[t] forms; for the ‘other’

FV-FVN sequences, the harmonised responses were a range of fricative consonants.

As in the naturalistic findings (Chapter 4), there were no reduplicated responses, and the
responses were almost equally split between variegated and ‘other’ responses (45% and
44% respectively). This is unsurprising, given that the two categories of nhonwords fell into
just these two categories. Additionally, the analyses in Chapter 4 have shown that
reduplication is not the typical substitution pattern for children learning Mandarin in

Singapore.
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5.2 Tone analyses

5.2.1 Frequency of tone sequences

A heat map table of the tone sequences in the child forms in response to the nonword
targets is presented in Table 5.3. This heat map will give us an idea of the proportion of
occurrence of each tone sequence in response to the eight tone sequences of the
nonwords. The main question is whether children’s tone productions match those of the

nonword targets, and if not, what kinds of substitute tone sequences the children make.

Table 5.3: Heat map table of frequency of occurrence of tone sequences in child forms, in

response to nonwords

Legend: S1 = first syllable, S2 = second syllable, underlined text indicates highest proportion, darker
shades indicate larger proportions

child forms of S2
nonword targets Tonel Tone2 Tone3 Toned4 ToneO | S1mean
Tone 1 0.03 0.16 0.11 0.15 0.09 0.11
Tone 2 0.01 0.07 0.09 0.01 0.01 0.04
S1 Tone 3 0.10 0.02 0.00 0.01 0.00 0.03
Tone 4 0.00 0.03 0.00 0.03 0.01 0.01
S2 mean 0.03 0.07 0.07 0.05 0.03

In general, T1 was the most prevalent in S1 of children’s responses to the nonwords (as
seen in the rightmost column ‘S1 mean’), while T2 and T3 were the most common in S2 (as
seen in the bottom row ‘S2 mean). Specifically, children produced T1-2 (16%) most
frequently, followed by T1-4 (15%), then T1-3 (10%). This is unsurprising as these three tone
sequences were among the eight tone sequences (i.e., 12 of 32 nonword targets, 37.5%) in
the nonword task. What is surprising is that of these three tone sequences, only T1-4 is a
frequently occurring tone sequence by the CDI measure; T1-2 and T1-3 are infrequently

occurring tone sequences.

5.2.2 Level of precision of tone sequences and patterns of substitutions
Next, the discrepancies between the frequency of occurrence of the target tone sequences

in the child forms and the precision of these tone sequences are presented in the following
Table 5.4.
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Table 5.4: Frequency of occurrence and precision of child responses to nonword targets

Legend: Frequency of occurrence in child forms are taken from Table 5.3, table is ordered by the
decreasing order of ‘mean precision’, grey cells indicate infrequent tone sequences based on CDI,
underlined text indicates highest proportion in each category, bold text: referenced in text below.

nonword targets | child forms
tone sequence frequency of occurrence mean precision most common
of tone sequence relative to response/substitution
nonword targets

T3-1 0.10 0.72 T3-1

T2-3 0.09 0.60 T2-3

T1-4 0.15 0.57 T1-4

T1-3 0.11 0.51 T1-3

T1-2 0.16 0.49 T1-2

T2-2 0.07 041 T2-2

T4-2 0.03 0.17 T1-2

T4-4 0.03 0.16 T1-4

The eight tone sequences (x four nonword targets each) in the nonword task had been
selected according to whether they were frequently or infrequently occurring tone sequences
(four each) in the Singapore CDI.

In general, the most common response for the tone sequences matched, i.e., children were
fairly accurate in producing the target tone sequences for all nonword targets, except for
T4-2 and T4-4. In terms of frequency of nonword targets, three of the four frequent tone
sequences also had the highest mean level of precision (T3-1, T2-3 and T1-4). The least
frequent of the ‘frequent tone sequences’ (T4-4) was actually the least precise of the eight

combinations: this was because T4-4 was often substituted with T1-4.

There is nonetheless a discrepancy between the frequency of occurrence in the child forms
and precision. Children do not produce T3-1 most frequently but they are highly precise in
producing T3-1 for the T3-1 nonword target. As mentioned previously, the three most
common tone sequences in the child forms are T1-2, T1-4, then T1-3. The discrepancies
between the frequencies of occurrence and precision for T1-2 and T1-4 is interesting: these
sequences have the highest frequencies of occurrence but precision is only about 50%. T1-2
and T1-4 are highly frequent not only because both are among the target tone sequences in
the nonwords, but they also substitute for the T4-2 and T4-4 nonwords, respectively (see
bold text), which explains the fall in precision. T1-3 was also a frequent substitution tone
sequence, which explains why these most common tone sequences had mid-range

precision. These patterns of substitutions are discussed further at the end of this chapter.
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5.3 Statistical analyses

To recapitulate, the research question addressed in the statistical analyses is to examine
how, if at all, does the frequency of occurrence of segmental sequences and tone

sequences influence the accuracy of child productions of newly encountered stimuli?

Singh et al. (2015) showed that children aged 2.5-3.5 years (close to the age of the children
in this study) were more sensitive to tone mispronunciations, whereas children aged 4-5
years were more sensitive to consonant and vowel mispronunciations. Additionally, tone is a
more salient feature than segments and has been more well-practiced from a young age
than segments. The results from the naturalistic observations also show that children have
acquired most tone sequences and show high levels of precision for some of them. Thus,
the frequent tone sequences are hypothesised to be more accurate than frequent segmental
sequences. Nonwords with frequent segmental sequences and frequent tone sequences
(FSFT; abbreviations will be revisited in the concluding chapter; as mentioned earlier,
‘segmental sequences’ are used here in place of ‘consonant sequences’ for better contrast
of S for segments and T for tones) are hypothesised to be produced more accurately than
those with infrequent segmental sequences and infrequent tone sequences (ISIT). For the
remaining two categories, the following interaction was expected: stimuli with infrequent
segmental sequences and frequent tone sequences (ISFT) were hypothesised to be
targeted and produced more accurately than stimuli with frequent segmental sequences and
infrequent tone sequences (FSIT), again because the frequent tone sequences of the former
might facilitate production accuracy more than the frequent segmental sequences of the

latter.

As the unit of analysis (segtone: segment accuracy vs. tone accuracy) is a binary variable, a
series of binomial logistic regression analyses were performed (using the glmer function in
the Ime4 package in R; Bates, Méachler, Bolker, & Walker, 2015; version 3.5.0.4, R Core
Team, 2018) to evaluate the effect of different predictor variables on accuracy. Preliminary
analyses of the raw scores for both segment accuracy and tone accuracy revealed higher
scores in S2 than S1, which led to the observation that syllable position (pos: first vs.
second) needed to be included as a factor in the analyses. The factors frequency of
segmental sequences (segfreq: frequent vs. infrequent) and frequency of tone sequences
(tonefreq: frequent vs. infrequent), as well as their interaction, were included as fixed effects.
By-child and by-item variation were modelled with random intercepts. The initial model
[accuracy ~ segtone * pos + (1 + segfreq * tonefreq | child) + (1 | item)] also contained

random slopes for frequency of segmental sequences and tone sequences by child but it
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failed to converge. Model reduction was performed by removing both slopes and

convergence without singularity was obtained.

Following the advice of better statistical rigour of models using effect coding than treatment
coding (see recent reviews by Brehm & Alday, 2022; Schad et al., 2020), effect coding was
adopted for all (binary) fixed factors in the above models, where one level received a code of
-1 and the other a code of 1 (see Table 5.5 below). This allowed effects to be interpreted
with respect to the unweighted group mean rather than a particular base level. For all
statistical analyses, the alpha level used for significance testing is p < 0.05. Likelihood ratio
models have been built into logistic regression models (indicated by the p-values), hence no

separate likelihood ratio models were run.

Table 5.5: Correspondence of codes with levels in effect coding for fixed effects models

Factor Code: -1 Code: 1
unit of analysis ‘segtone’ segment  tone
syllable position ‘pos’ first second

frequency of segmental sequences ‘segfreq’ infrequent frequent

frequency of tone sequences ‘tonefreq’ infrequent frequent

Violin plots were drawn to display the descriptive statistics of the variables.

The effects of the units of analysis and syllable position on total segment and tone accuracy

are depicted in Figure 5.1 and Table 5.6.
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Figure 5.1: Mean accuracy of segment accuracy vs. tone accuracy by syllable position.

Horizontal lines denote median.

Tone accuracy (M = 0.50, SD = 0.50) was significantly higher than segment accuracy
(M =0.39, SD = 0.49). Responses in S2 (M = 0.49, SD = 0.50) were significantly more
accurate than those in S1 (M = 0.40, SD = 0.49).

Table 5.6: Logistic regression model for assessing the unit of analysis and syllable position

on total segment and tone accuracy

Legend: segtone = unit of analysis (segment accuracy or tone accuracy), pos = syllable position

(S1orS2)
Estimate Std.Error zvalue Pr(>|z|)
(Intercept) -0.47 0.35 -1.37 0.17
segtone 0.30 0.05 6.44 <.001 ***
pos 0.26 0.05 555 <.001 ***
segtone:pos -0.03 0.05 -0.72 0.47

Significance codes: 0 “***” 0.001 “*** 0.01 “** 0.05“.” 0.1 “”

glmer(accuracy ~ segtone * pos + (1 | child) + (1 | item), data=sample, family=binomial))
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There was a significant main effect of ‘segtone’ (B = .30, z = 6.44, p <.001) and a significant
main effect of syllable position (B = .26, z = 5.55, p < .001), reflecting the findings from the
descriptive statistics: tone accuracy was significantly higher than segment accuracy

and responses in S2 were significantly more accurate than those in S1. However, the
interaction of these two factors was not significant.

The effects of frequency of segmental sequences, tone sequences and syllable position on

segment accuracy are depicted in Figure 5.2 and Table 5.7.
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Figure 5.2: Mean accuracy of frequency of segmental sequences and frequency of tone

sequences by syllable position on segment accuracy. Horizontal lines indicate median.
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Table 5.7: Logistic regression model for assessing the frequency of segmental sequences,

tone sequences and syllable position on segment accuracy

Legend: segfreq = frequency of segmental sequences, tonefreq = frequency of tone sequences,

pos = syllable position (S1 or S2)

Estimate Std.Error zvalue Pr(>|z|)
(Intercept) -0.68 0.30 -2.25 0.02 *
segfreq -0.06 0.11 -0.61 0.54
tonefreq 0.20 0.11 1.88 0.06
pos 0.29 0.07 447 <0.001 **=*
segfreq:tonefreq -0.06 0.11 -0.61 0.54
segfreq:pos 0.19 0.07 2.96 0.003 **
tonefreq:pos -0.05 0.06 -0.80 0.42
segfreq:tonefreq:pos -0.05 0.06 -0.78 0.43

Significance codes: 0 “***” 0.001 “**” 0.01 “*” 0.05“.” 0.1 “”
glmer(accuracy ~ segfreq * tonefreq * pos + (1 | child) + (1 | item), data=sample_seg,

family=binomial))

There was a significant main effect of syllable position (§ = .29, z = 4.47, p <.001): S2 was

significantly more accurately produced than S1. There was a significant interaction of

frequency of segmental sequences and syllable position (B =.19, z =2.96, p <.01) on

segment accuracy: frequent segmental sequences were more accurately produced in S2

than in S1. None of the other factors or interactions made a significant contribution to

segment accuracy. These findings are depicted in Figure 5.3 below.

126



segfreq*tonefreq*pos effect plot

tonefreq
freg o infreg o
freq infreq
1 1 1 1
pos = first pos = second

0.6 -

0.5 -
- _ T it
3 U.4 ] h
2
8 |
® 03 - i

011 —

@ |
Drz — r’/’/,’//

I 1
infreq
segfireq

Figure 5.3: Plot showing the effect of interaction between frequency of segmental sequences

and syllable position on segment accuracy. Error bars indicate standard errors.
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The effects of frequency of segmental sequences, tone sequences and syllable position on

tone accuracy are depicted in Figure 5.4 and Table 5.8.
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Figure 5.4: Mean accuracy of frequency of segmental sequences and frequency of tone

sequences by syllable position on tone accuracy. Horizontal lines indicate median.
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Table 5.8: Logistic regression model for assessing the frequency of segmental sequences,

tone sequences and syllable position on tone accuracy

Legend: segfreq = frequency of segmental sequences, tonefreq = frequency of tone sequences,

pos = syllable position (S1 or S2)

Estimate Std.Error

zvalue Pr(>|z|)

(Intercept) -0.16
segfreq 0.04
tonefreq 0.25
pos 0.24
segfreq:tonefreq 0.01
segfreq:pos -0.04
tonefreq:pos 0.06
segfreq:tonefreq:pos -0.10

0.37
0.11
0.11
0.07
0.11
0.07
0.07
0.07

-0.43
0.32
2.21
3.58
0.09

-0.53
0.84

-1.44

0.67
0.75
0.03
<.001
0.92
0.60
0.40
0.15

*k%

Significance codes: 0 “**** 0.001 “**” 0.01 “*” 0.05 “.” 0.1 “”

glmer(accuracy ~ segfreq * tonefreq * pos + (1 | child) + (1 | item), data=sample_tone,

family=binomial))

There was a significant main effect of tone frequency (B = .25, z =2.21, p < .05) and a
significant main effect of syllable position (B = .24, z = 3.58, p < .001). Frequent tone
sequences were produced more accurately than infrequent tone sequences, and S2 was

significantly more accurately produced than S1. None of the other factors or interactions

made a significant contribution to tone accuracy. These findings are depicted in Figure 5.5.
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Figure 5.5: Plot showing the (lack of) interaction between frequency of segmental sequences

and syllable position on tone accuracy. Error bars indicate standard errors.

The summary of findings from all the logistic regression analyses is presented in Table 5.9.

Table 5.9: Summary of findings from logistic regression analyses

analyses

total segment and tone accuracy

segment accuracy

tone accuracy

findings

- position: S2 > S1

- unit of analysis: tone > segment

- position: S2 > S1
- segfreq * pos
interaction: freq +
pos2

- position: S2 > S1
- tonefreq:
freq > infreq

In sum, syllable position influenced all three analyses. In general, tone sequences were

more accurately produced than segmental sequences. The frequent segmental sequences

factor by itself did not influence segment accuracy but did when syllable position was

included alongside it, whereas the frequent tone sequences factor by itself influenced tone

accuracy.
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5.4 Discussion

The research questions addressed in this chapter relate to the production and substitution
patterns of the manner categories of word-initial consonants, word structures of the nonword
responses and frequency and accuracy of tone sequences (descriptive analyses).
Additionally, how the frequency of segmental sequences and tone sequences and
interaction with syllable position would influence segment and tone accuracy in a nonword
repetition task (statistical analyses) was also examined. Each of the analyses will be

discussed in turn.

5.4.1 Moderate precision of segmental sequences and word structures

In terms of segmental sequences, the most common responses largely matched the manner
categories of the targets, e.g., children were still producing FV-NV responses for an FV-NV
target, they were not simply substituting infrequent segmental sequences with frequent ones.
In terms of substitutions, fricatives were often substituted with plosives or omitted, and
nasals and liquids were often omitted in word-initial onsets. This pattern of frequent omission
for consonants in nonwords also follows the findings in children’s productions of words (cf. Li
& To, 2017). Words with nasal codas in S2 (half of the 32 nonword targets) were mostly
produced as such; otherwise, they were omitted. The deletion of the final consonant has
often been found in child productions in other languages (e.g., Macken, 1979/2013, on

Spanish; Demuth & Johnson, 2003, on French).

In terms of word structures, the children were also fairly precise in producing responses that
matched the word structures of the nonword targets. The nonwords were a 3:1 split between
variegated and ‘other’ forms, which is similar to the distribution in frequency of variegated
(61%) and ‘other’ (31%) words in the Singapore CDI; the remaining CDI distribution was 5%
reduplicated and 3% consonant-repeated nonword targets. Variegated nonword targets were
produced as variegated responses about 50% of the time, with 35% of the responses being
‘other’ (i.e., one consonant in the disyllabic nonword was omitted) and 6% of the responses
being harmonised. ‘Other’ nonword targets were produced as ‘other’ about 70% of the time,
and only about 10% each of the children’s responses to these nonwords were harmonised or

variegated.
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As mentioned in the discussion of the patterns found in the naturalistic data in Chapter 4.1,
in studies of child word production in other languages, harmony is usually the substitution of
choice for variegated targets (e.g., Stoel-Gammon & Stemberger, 1994; Vihman, 1978), and
reduplication and harmony are commonly used in response to challenging word structures
like variegation (for example, as ‘compensatory strategies’: Menn, 1983; O’Seaghda et al.,
2013). However, the Mandarin-learning children in the present experimental study produced
variegated responses for variegated targets, even if the children substituted either or both
consonants. This could be because of the proportion of words in the language that children
hear: variegated words make up 61% of the words in the Singapore CDI and 57% of
mothers’ input (Table 4.5 in Chapter 4). Furthermore, the nonword repetition stimuli did not
include consonant-repeated or reduplicated forms that are also present in the language, so
children were exposed to a slightly higher percentage of variegation and ‘other’ words in the
nonword repetition task than is typical. As a result, they may be stimulated to maintain
variegation in their child forms when repeating the nonwords, within the limits of the nonword

repetition task.

5.4.2 Systematic patterns in tone substitutions

The earlier sections revealed the prominence of the T1-x tone sequences in response to a
nonword repetition task, not least because the task included many nonwords with T1-x tone
sequences. The most frequent patterns of tone sequence substitutions for the nonword

repetition task are examined further (Table 5.10).

Table 5.10: Observable patterns in children’s most frequent patterns of tone sequence

substitutions

Legend: grey cells indicate infrequent tone sequences based on CDI

nonword targets | most frequent patterns in child substitutions
tone sequence T1-x (excluding T1-0) T1-0

T1-2 T1-3 T1-0

T1-3 T1-2

T1-4 T1-3 T1-0

T2-2 T1-2 T1-0

T2-3 use of T1-3=T1-2

T3-1 T1-1

T4-2 T1-2 T1-0

T4-4 T1-4 T1-0
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In analysing these substitutions, there are two findings of note. First, all the resultant tone
sequences have T1 in S1. Given that three out of the eight tone sequences (12 out of 32
nonword targets, 37.5%) in the nonword task have T1 in S1, it seems that this within-task
frequency and likely the acoustic salience of T1 itself led the resultant child substitutions to
have T1 overwhelmingly produced in S1. Additionally, the prevalence of T1-x tone
sequences is also recorded in everyday speech and has been a well-practiced tone
sequence since the babbling period (cf. Lou et al., 2018; see Chapter 4.2).

Next, most of these patterns occur infrequently in the language (see grey cells, calculated
based on the CDI): only T1-1 and T1-4 are frequent in the language, the remaining tone
sequences are infrequent. Thus, it is not that children are changing an infrequent tone
sequence to a frequent tone sequence — in fact, children are switching some of the frequent
tone sequences in the task to infrequent ones to have T1 in S1. This could be explained as a
whole-word effect of the salience of T1: the acoustic salience of T1 takes precedence over
the frequency of occurrence of the tone sequence in the language (see Chapter 4.2 and final
Chapter 6).

Within the T1-x substitutions in the nonword repetition task, two patterns can be observed:
1) T1 is the substituted tone of choice in S1; and 2) T1-0 is a general substitution tone
sequence: similar to its usage as has been discussed in Chapter 4.2, T1-0 is an adapted
‘tone template’ (cf. Mok & Lee, 2018).

5.4.2.1 T1-x pattern

From Table 5.10, the most frequently occurring tone sequences children produced were
fairly accurate and largely matched the target tone sequence (e.g., children produced T1-3
responses most frequently in response to the T1-3 nonwords), except the T4-2 and T4-4
targets (bold text in Table 5.4). For these, T4 in S1 was substituted with T1. This finding of
T4 being substituted with T1 corresponds to the finding in the naturalistic data (Chapter 4)
where T4 in S1 was especially likely to be produced as T1. For the nonwords, it seems that
this T4 - T1 substitution in S1 carried over to the nonword targets with T2 and T3 in S1 as
well: the next most frequent responses for the T2-2, T2-3 and T3-1 targets were T1-2, T1-3
and T1-1 respectively. T2-3 targets were additionally substituted with T1-2 as the next most

frequent response.
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Even the T1-x nonword targets themselves were substituted with another T1-x tone
sequence, specifically, either T1-2 or T1-3. As mentioned, T1-x tone sequences were overly
represented in the nonword task, including T1-2 and T1-3, thus the presence of these tone
sequences may have been relatively salient to the children for the duration of the nonword
task.

5.4.2.2 T1-0 tone template

It is interesting that T1-0 is also a frequent substitution response to the tone sequences; it
seems to be a general substitute tone sequence, as there is no specific pattern that can be
discerned among the tone sequences that result in the T1-0 substitution. Furthermore, it is
an infrequently occurring tone sequence in the language: T1-0 makes up only 4% of the
words in the Singapore CDI; T1-0 in mothers’ input (from Chapter 4) also made up only 4%.
From the results of the naturalistic observations in Chapter 4, T1-0 was the most frequently
produced tone sequence for words (17%), but it was also the one least precisely produced.
This is because it was the de facto substitution tone sequence for other words, as with the

nonwords in this chapter.

For the nonword repetition task, the proportion of occurrence of T1-0 in child forms was 9%
(less than half as much as the most frequently occurring T1-2, 16%), with precision being O
since there were no T1-0 targets. It seems likely that the arguments laid out in Chapter 3 for
the prevalence of T1-0 applies here too: T1-0 is an adapted tone template that children most
frequently produce, even in response to unfamiliar stimuli. This is because the tone
sequence is a falling tone contour that is fairly effortless to produce, the T1-0 tone sequence
might reflect cross-linguistic transfer from English (cf. Mok & Lee, 2018) and it is also a well-

practiced tone sequence (cf. Lou et al., 2018).

5.4.3 Independence of segment and tone; tone accuracy higher than segment

accuracy

The most striking finding from the statistical analyses was that segment and tone accuracy
were independent of one another. The frequency of segmental sequences had no effect on
tone accuracy; nor did the frequency of tone sequences have an effect on segment
accuracy. Surprisingly, syllable position played an important role in all three analyses:
whichever the analysis, there was a main effect of syllable position, such that responses in
S2 were more accurately produced than those in S1. This is probably a recency effect (cf.

Jones et al., 2004), in that the segment in the second paosition is the most recent element.
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The frequency of segmental sequences did not by itself have an effect on segment
accuracy: children performed equivalently on the nonwords regardless of the frequency of
segments. This is interesting, as the effect of frequency is pervasive in language acquisition
generally (see Ambridge et al., 2015). In this study, frequency of segmental sequences was
calculated differently from what has previously been done, which could perhaps explain the
unexpected finding. Previously, controls for frequency in nonword repetition tasks have
either used a subjective judgement measure of wordlikeness (e.g., Gathercole et al., 1991)
or a more objective method of calculating positional segment frequencies and biphone
frequencies to determine the phonotactic probability of a word (e.g., Vitevitch & Luce, 2005).
In this study, the segmental sequences were not contiguous, they were the syllable-initial
segments of a disyllabic word. Furthermore, these previous counts have also relied on adult
judgement or adult word databases (cf. Sosa, 2008; Sosa & Stoel-Gammon, 2012). The
control for the manner categories of disyllabic words in the frequent and infrequent
segmental sequences using a child corpus (Singapore CDI) has not been done before, so
this may be a reason for this difference. Future studies should explore this frequency effect
further.

The descriptive analyses of the effect of frequency of segmental sequences on segment
accuracy support this lack of effect on segment accuracy from the statistical analyses: there
did not seem to be any difference for children in producing frequent or infrequent segmental
sequences. Children did not find the frequent segmental sequence any easier to produce
than the infrequent segmental sequence; there is no clear-cut finding of infrequent
sequences being substituted with frequent sequences (cf. Table 5.1). Individual consonants
were produced, substituted or omitted — plosives were produced as plosives, fricatives were
produced as fricatives or substituted with plosives, and nasals and liquids may be omitted —

regardless of the frequency of segmental sequences.

However, there was an effect of frequency of segmental sequences on segment accuracy
when syllable position was also a factor, namely, frequent segmental sequences were
produced more accurately in S2 than S1. Here, the recency effect influenced children’s

production of frequent sequences in S2.

Comparing the findings on segment accuracy in the present study with the only previous
study of nonword repetition in Mandarin, recall that Wang and Huang (2016) commented
that the children suspected of DLD and age-matched controls scored better for high-wordlike
nonwords (cf. Gathercole, 1991) than for low-wordlike nonwords. As mentioned in section

3.2.1, some specific nonword syllables used in the nonword task in the present study were
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said to be less wordlike than others; however, there was no difference in performance
between the more and less wordlike nonword syllables. Results from the wordlikeness
judgement task with adults also confirmed that all the nonwords were comparable in terms of
(non)wordlikeness. The frequent and infrequent segmental sequences of nonword syllables
in the present study may also be equated with high and low wordlikeness, respectively;
however, as revealed by the earlier findings, there was also no difference in performance

between frequent and infrequent segmental sequences.

While there was no frequency effect of segmental sequences on segment accuracy, there
was a frequency effect of tone sequences on tone accuracy: frequent tone sequences were
produced more accurately than infrequent tone sequences. These results from the statistical
analyses parallel the findings from the earlier descriptive analyses (recall Table 5.4): the top
three most precise tone sequences, T3-1, T2-3 and T1-4, were considered frequent in the
Singapore CDI. However, children produced T1-x tone sequences most frequently, many of
which were considered infrequent in the Singapore CDI. There is thus a three-way
discrepancy: what is considered frequent in the language (as measured by the Singapore
CDI) may not be the same as what is frequently produced by the child (cf. Menn, 2013, Ota,
2013; see Tables 5.3 for the most frequently produced tone sequences), which may

furthermore not correspond to their precision level.

Comparing the findings of tone accuracy in the present study with Wang and Huang (2016),
the five disyllabic nonwords in the latter had all been produced in the T1-1 tone sequence.
Thus, tone was not a factor for their study; the influence of tone sequence on nonword
repetition tasks has not been studied till now. In this study, frequency of tone sequences was
calculated from the frequency count in the language, by means of the words in the
Singapore CDI. As mentioned earlier, frequent tone sequences were produced more

accurately than infrequent tone sequences.

Nonetheless, neither frequency of segmental sequences nor any of the two-way and three-
way interactions contributed to tone accuracy. This concurs with research that shows that
tone may be processed separately from segments (cf. toneme in revised TRACE model, Ye
& Connine, 1999 or the different neural processing patterns in the brains of people learning
tone and non-tone languages, Gandour et al., 2000; Klein et al., 2001; Wong et al., 2004).
Chen (J.-Y., 1999, 2000) has also suggested that Mandarin lexical tone production is
analogous to English stress production, where research on speech production (Levelt, 1993)

has shown that English stress is planned earlier than segmental information: the stress
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pattern provides the phonological frame for the word and the segmental information is then
inserted into the frame. Similarly, tone provides the ‘envelope’ for which segments are filled

in. Thus, neither segment nor tone influences the other.

Comparing the two elements of accuracy, tone accuracy was significantly higher than
segment accuracy. This supports previous findings that tone errors tended to occur less
frequently than segment errors in adult speech production (Chen, J.-Y., 1999). Fernald
(1989) explained that tone has an advantage over segments because it was part of vocal
prosody that children have been attentive to from young and could help the children learn
words early on. Furthermore, researchers who examined the segmental and tone error
patterns in single word production have proposed that there is a dissociation in terms of
errors depending on the location of the error (Chen, J.-Y., 1999, 2000; Wan & Jaeger, 1999).
In their error analyses on adult speech production, they claim that if the segmental error
occurs within a word, the tone may retain its accuracy, but if the segments across the whole
word are erroneously produced, the tone usually changes along with the segments. The
findings from the nonword repetition task of disyllabic words and thus tone sequences
produced by the children in this study do not support this claim — many children still
produced tone sequences accurately even if they made errors in the segments of the
disyllabic nonword target; some children were also accurate in their segmental sequences
while they made tone errors, although this latter pattern happened to a lesser extent (given
the fact that segment errors still occurred more often than tone errors). Perhaps there is a
difference between child and adult performance: for children, tone errors in tone sequences

are independent of segmental errors, no matter where the segmental error is.

In the next and final chapter, the findings from both naturalistic and experimental studies are
integrated; the evidence (or lack thereof) of templates in children’s production of Mandarin
words and nonwords and how the whole-word approach may be applied to Mandarin are

discussed.
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Chapter 6 — Phonological development in Mandarin

What do the findings regarding children’s segment and tone productions and patterns tell us
about phonological development in Mandarin? The thesis combined observational and
experimental approaches to examine children’s phonological development in Mandarin. In
the naturalistic observational study, children’s speech was observed in a play setting
monthly over six months and the words they targeted and produced were analysed
alongside their mothers’ input. In the experimental nonword repetition task, nonwords were
designed to elicit children’s imitation responses to wholly unfamiliar word forms. Across both
paradigms, production patterns and error patterns of segmental sequences and tone
sequences were noted and any templates identified.

This chapter summarises the major findings of the study in relation to the research questions
outlined in section 1.4. An overview of the research questions is provided, followed by
integration of the findings from the naturalistic and experimental tasks. The whole-word
approach is then discussed with respect to how it may apply to Mandarin, in terms of

identifying and tracking the rise and fall in templatic usage.

6.1 Overview of research questions and integrating naturalistic and experimental

findings

Three major research questions have been addressed in this thesis, as delineated in
Chapter 1 (section 1.4):

1) Is there overlap among the consonant sequences and tone sequences children hear,
target and produce?

2) Is there evidence of templatic usage in the children’s segment and tone productions?

3) How, if at all, does the frequency of occurrence of segmental sequences and tone

sequences influence the accuracy of child productions of newly encountered stimuli?

The design of the study combined naturalistic and experimental paradigms. Four children
aged 20 months were observed over a period of 6 months and their segmental and tone
patterns in their cumulative speech were analysed. Twenty children aged 24 months were
then tested on an experimental task of nonword repetition, designed to test the effects of the
frequency of occurrence of both segmental sequences and tone sequences. Naturalistic
observations provide insight into the children’s spontaneous production patterns in everyday

life. The experimental task then complements those observations by informing us as to how
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children may apply the same patterns observed in their everyday interactions in repeating

novel words, that is, words that they have never encountered before.

The findings were that the patterns of segments and tones children produced in the
naturalistic observations were also reflected in the experimental task, that some of these
patterns were different from what is found in the input, and that segment and tone were
independently represented. In general, children were more accurate in tone sequences than
segmental sequences, regardless of the lexical nature of the stimuli and the frequencies of
occurrence of the segmental sequences and tone sequences in the language. A more
detailed discussion of the segment and tone findings across the two types of production

paradigms (naturalistic speech and nonword repetition responses) follows.

6.1.1 Segmental analyses

The productions and substitution patterns of consonant sequences and word structures in
the words of children learning Mandarin were examined first. The children produced /t/-/t/ the
most and each had their own other favoured consonant sequences. Their use of /t/ was also
often substituted for the more challenging fricative and affricate sounds that they had not yet
mastered (cf. Ma et al., 2022), thus even though they were frequently used, they were not
considered templatic. When comparing across languages, while there was a higher
incidence of fricative-initial words in Mandarin relative to other languages and the proportion
of fricative-initial words mothers produced also matched the higher proportion in the
language, children still produced plosive-initial words the most often (both accurately and as
substitutes for fricatives), corresponding to findings from cross-linguistic studies (cf. Vihman
et al., 1994). This likely reflects the articulatory ease of plosives relative to fricatives (cf.
MacNeilage & Davis, 1990). A similar pattern of production of plosives and fricatives was

also found in the experimental nonword repetition task.

For word structures, the corresponding high proportion of variegation and negligible
proportion of consonant-repetition/harmony across both production tasks (naturalistic speech
and experimental nonword repetition) mirrored their respective proportions in the language,
parental input and within-target frequencies. There were some reduplications in the
naturalistic data but none in the nonword repetition task, no doubt as a result of task
demands: reduplicated words are present in the language and in the everyday speech of
mothers and children but none were included among the targets in the nonword repetition
task. In the Singapore CDI 18 of 372 disyllabic words (5%) are reduplicated, with a

prominent category being kinship terms; these are also a source of several tone templates.
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In the nonword repetition task the ratio of variegated to ‘other’ nonword targets was 3:1,
which is similar to their proportions of occurrence in the language. However, the task
excluded the reduplicated and consonant-repeated word structures also found in the
language. This means that variegated and ‘other’ words are slightly over-represented in the
task relative to the language, which may have primed children to produce more variegated
and ‘other’ responses than is typical within the limits of the nonword repetition task.
However, even in the naturalistic data the children rarely adopted reduplication and harmony
as substitutions, so it is understandable that children in the nonword repetition study failed to

produce reduplicated forms in response to the variegated and ‘other’ nonwords.

Harmony is a mechanism that children often employ to tackle variegated words. These are
said to be the most challenging type of word for a child to produce as they involve the
production of two supraglottal consonants. Yet the children in this study did not follow this
pattern. Vihman et al. (2022) propose that the overall simple syllable structure of East Asian
languages (specifically, Japanese and Mandarin) enable children to maintain variegation in
their productions at a higher rate than the children learning the other languages. Japanese
and Mandarin need only a 1:1 syllable-to-word ratio to produce disyllabic words, whereas
languages like English, Finnish and French need between a 1.2 to 1.5:1 ratio. That is, for
every 10 disyllabic words in Japanese or Mandarin these would contain on average 10
different syllables, whereas in the other languages the same number of words would, on
average, contain more (between 12 and 15) different syllables. Vihman et al. conclude that
the smaller inventory of syllables needed to learn and produce word forms may make it
easier for children learning Japanese and Mandarin to remember word patterns. leading
children to attempt more challenging variegated word forms. This could also explain why
frequent and infrequent segmental sequences in the nonword repetition task were produced
as such; practice with the simple syllable structure may have allowed children to produce
even the infrequent segmental sequences rather than needing to substitute more frequent

segmental sequences.

Nonetheless, there were differences between the findings of a recent systematic study of
Mandarin word production (Lou, 2020) and the present study. Lou found more reduplication
and less variegation than was found in the present study and a wider range of types of
reduplication (as previously presented in Table 4.9). As discussed in Chapter 4.1, the
difference is likely due to the higher lexical level of the children in the present study and their
relatively greater experience of word shapes and greater practice with production than with
Lou’s children, This may also relate to the more advanced word types mothers use with their

children. This likely resulted in the higher proportion of variegation and lower proportion of
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reduplication found in both mothers’ and children’s productions in the present study relative
to Lou (2020). This may also explain the higher proportion of ‘other’ than of reduplicated
words produced by the children in response to variegated targets here. Finally, the language
variety and cultural differences in the reduplicated input children receive from their mothers
likely also partially account for the differences between the two datasets, as was discussed.

6.1.2 Tone analyses

Next, tone was examined. The present study is the first to directly analyse the productions
and substitutions of tone sequences in the words of children learning Mandarin. Use of
systematic patterns or tone templates amongst the words was also identified. There have
been mixed findings about the mastery of single tone acquisition by age 2, mostly as a result
of inconsistent definitions of mastery/acquisition as well as the use of different experimental
paradigms. In this study, adapting from Mok et al.’s (2020) proposed definition of ‘above-
chance level’ of accuracy in monosyllabic Cantonese stimuli to suit disyllabic Mandarin tone
sequences, children may have acquired most of the tone sequences by age 2. Nevertheless,
there was a protracted period of precision for tone sequences.

There was a mismatch in terms of the tone productions children heard, targeted and
produced: the three most frequently produced tone sequences across all data sources are

summarised in Table 6.1.

Table 6.1: Top three most frequently produced tone sequences by data source (all sources

are from the naturalistic data except ‘child nonword forms’)

Legend: grey cells indicate infrequent tone sequences based on Singapore CDI

source most frequent 2" most frequent 3 most frequent
mothers’ input T2-3 T3-4 T4-4

child targets T2-3 T3-1 T1-1/T4-4

child word forms T1-0 T1-1 T1-4

child kinship term forms T1-0 T3-2 T1-1

child nonword forms T1-2 T1-4 T1-3

There are two patterns of note in Table 6.1. First, for the most part, children are targeting
tone sequences similar to those that their mothers are producing. T2-3 is a common tone
sequence across all of them, and so are some tone sequences with T3 in S1 and T1 and T4
in S2. All of these tone sequences also occur frequently in the language (based on the

Singapore CDI). However, there was no complete overlap between mothers’ input, child
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targets and child forms. Second, there is also a commonality across the most frequently
produced child forms of words and nonwords: with the exception of T3-2 in kinship terms, all
are T1-x sequences, indicating some templatic usage of T1-x tone sequences.

Of the seven tone sequences observed among the child forms, about half were frequent and
half infrequent in the language (based on the CDI), regardless of lexicality. Additionally, half
the overwhelmingly T1-x sequences were considered infrequent in the language: T1-2, T1-3,
and T1-0. However, as mentioned, frequency of use in the child forms proved to be
independent of precision in production. A further caveat needs to be added: only eight tone
sequences were included in the nonword repetition task, a restricted range of potential tone
sequences in targets compared to the range possible. Additionally, tone sequences with TO
in S2 had been intentionally excluded from the initial stimuli creation phase because prior
research had indicated a lack of use of TO in S2 in Singapore (Shang & Zhao, 2013, 2017).
Words in the CDI also show that TO in S2 did not occur frequently. In the CDI, three types of
words have TO in S2: 1) reduplicated words (mostly kinship terms); 2) nouns that end with
the affix ts70 (which occurred frequently among Fu Zhen’s words), some of which can be
omitted (e.g., peilts)0 ‘cup’ may simply be peil; even though disyllabic words make up the
majority of Mandarin words, many words and concepts can be expressed using just one
syllable), and 3) grammatical words (e.g., li0 often used with ‘here’ or ‘there’, tse0 and 180
indicate participle, te0 indicates possessive, ka0 and man0 indicate a count of items and
people respectively, ma0 is often used with ‘how’ or ‘so’, among others). Thus, most of the
words with TO in S2 are kinship terms and grammatical words, which occur less often than
other lexical content words. In examining the production data in this study, there was some
evidence of use of TO in S2 in Singapore. Mothers produced kinship terms in various tone
sequences, with some producing TO in S2 while others produced a full tone. These two
categories — nouns that end with affix ts70 and grammatical words — are said to be more
often produced with a full tone in Singapore Mandarin (Shang & Zhao, 2013, 2017). An
examination of how mothers produced these words in this study revealed a similar pattern of
variation in the tone sequences as in kinship terms: sometimes mothers produced these
grammatical words as TO, sometimes as full tones. Thus, TO in S2 might be present in
Singapore Mandarin, but more inconsistently, and with more variability, than is evident from
the CDI or than previously reported by Shang and Zhao (2013, 2017).

For the nonword repetition task, the frequent production of the infrequently occurring T1-2
and T1-3 sequences may have been influenced by the fact that they were among the tone
sequence targets in the nonword repetition task. Additionally, both sequences also

substituted for others, especially for the T4-2 and T4-3 nonword targets. Thus, while the
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T1-2 and T1-3 tone sequences may be infrequent simply because there are fewer words
with these tones in the CDI, children gain a lot of practice in producing T1 in S1 due to its
ease of production and occurrence in babble (cf. Lou et al., 2018; see further discussion in
section 6.2.1 below). This also explains why T1-1 and T1-0 could be identified as ‘tone
templates’ in the children’s speech across both production paradigms, an extension of the

original concept of the ‘phonological template’ (Vihman & Croft, 2007; Vihman, 2019).

On the other hand, children may have had less practice in producing the sequences taken
here to be frequent, based on the CDI). There is a potential tension between what the
children hear most (in the input or as estimated by the CDI) and what they produce most (in
the child forms). These two aspects end up exerting opposing influences on accuracy of tone
production: the frequently heard tone sequences are not well-practised, while the practised
sequences are infrequently heard in the input, though they may be heard in their own

production. As a result, no effect of frequency as measured in this study could be detected.

Recall that the most precisely produced tone sequences in the nonword repetition task (from
Table 5.4) are T3-1, T2-3 and T1-4. From Table 6.1 above, T3-1 and T2-3 are among most
targeted tone sequences in the naturalistic study. However, while the children targeted these
tone sequences the most frequently, they did not produce these tone sequences as such.
The forms produced were substituted with other tone sequences. It seems that in naturalistic
productions, children did not spontaneously produce these tone sequences, but when
encountering unfamiliar stimuli with the same tone sequences, they were able to imitate
them. There may thus be a difference between long-term retrieval and short-term recall for
certain tone sequences: in long-term retrieval, when children are unable to accurately recall

the tone sequence, they produce their default T1-0 or other T1-x tone sequences instead.

Specifically, T1-1 appears to be a tone template that children select and adapt to in general,
but especially for kinship terms. Kinship terms are highly relevant in a child’s life and many of
them have the sequence T1-1; kinship terms that are not T1-1 are adapted to the pattern.
Furthermore, T1-1 is a tone sequence that involves repetition of the same acoustically
salient tone, which makes it easy to produce. Meanwhile, T1-0 may be an adapted tone
template in general for both words and nonwords, and a tone template children select and
adapt in producing the kinship terms. T1-0 resembles the trochaic stress in English, which is
widely spoken in the children’s surroundings; it may reflect cross-linguistic transfer of English
to Mandarin (cf. Mok & Lee, 2018). Articulatorily, it also constitutes a high contour that falls.
In general, T4 occurs less often in S1. It is more common in S2, as the tone has a falling

contour and is more effortlessly produced in S2. Thus, the T4-x tone sequences throughout
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the present study (both naturalistic observations and experimental nonword repetition task)

were overwhelmingly produced as T1-x tone sequences.

Finally, the category of kinship terms also included a third pattern, T3-2. In Lou (2020),
parents and children did not produce T3 or T3-2 frequently at either the 4wp or the 25wp,
likely due to T3’s more challenging acoustic contour. Nonetheless, as mentioned in Chapter
2, the final rise of T3 (the 4 in the 214 tone contour, Chao, 1930 notation) may be realised
only in isolation or at the end of the sentence (Chen, C. Y., 1984; Singh & Fu, 2016). The
beginning fall portion of T3 (21) appears elsewhere (Chen, C. Y., 1984; Wang & Li, 1967).
This makes T3-2 a relatively effortless tone contour to produce: the slight 2-1 fall of T3 leads
to the 2-5 rise of T2. That is, the low FO offset in T3 transits seamlessly to the low onset in
T2 (cf. Wong, 2013). The prevalent usage of T3-2 may potentially be unique to Singapore as
a result of reciprocal cross-linguistic transfer and language mixing between Cantonese and
Mandarin as used in Singapore (unigue because the resultant tone combination of T3-2 is
different from the proposed origin in Cantonese, which is more similar to the Mandarin T3-1,
as described in the Cantonese/Mandarin discussion in section 4.2.3.2.3). As aresult, T3 is a
relatively more frequently occurring tone for the children in Singapore than for the children in
Lou’s study. A multilingual tone environment brings about tone diversity and tone mixing.
Perhaps a comparable set of analyses of language mixing in Hong Kong or Malaysia (where
there is also the use in parallel of Cantonese and Mandarin, though Mandarin may be used
to a lesser extent; additionally, the official language of Malaysia is Malay, adding yet another
language to the mix) would tell us more about whether this pattern is indeed unique to

Singapore.

6.1.3 Frequency effects on segment accuracy and tone accuracy

The influence of frequency on productions of novel stimuli was explored further with respect
to how frequencies of segmental sequences and tone sequences might have influenced
accuracy in children’s productions of newly encountered words. Segment and tone proved to
be independent: the frequency of segmental sequences did not influence tone accuracy, nor
did the frequency of tone sequences influence segment accuracy. Frequency of segmental
sequences was not significant until syllable position was included in the analysis of segment
accuracy (frequent segmental sequences were more accurately produced in S2 than in S1);

however, there was a significant effect of tone frequency on tone accuracy.

The analysis of frequency effects of the segmental sequences and tone sequences within

the words produced across both production paradigms are discussed next.
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In this section, the following abbreviations of the four frequency categories are used (first

referenced in section 5.3):

- FSFT: stimuli with frequent segmental sequences and frequent tone sequences
- FSIT: stimuli with frequent segmental sequences and infrequent tone sequences
- ISFT: stimuli with infrequent segmental sequences and frequent tone sequences

- ISIT: stimuli with infrequent segmental sequences and infrequent tone sequences

Across all types of stimuli regardless of lexicality, a frequency effect was expected, i.e.,
stimuli with both frequent segmental sequences and frequent tone sequences (FSFT) were
expected to be targeted and produced the most often and words with both infrequent
segmental sequences and infrequent tone sequences (ISIT) were expected to be targeted
and produced the least. For the remaining two categories, the following interaction was
expected: stimuli with infrequent segmental sequences and frequent tone sequences (ISFT)
were expected to be targeted and produced more than stimuli with frequent segmental
sequences and infrequent tone sequences (FSIT). This is because Singh et al. (2015)
showed that children aged 2.5-3.5 years (which is close to the age of the children in this
study) were more sensitive to tones, whereas children aged 4 -5 years were more sensitive
to consonants and vowels. Thus, children should have produced the frequently occurring
tone sequences (as measured by the CDI) more frequently. However, the opposite pattern

was found: children produced the infrequently occurring tone sequences more frequently.

Table 6.2 displays the distribution of the four frequency categories across the various modes
of vocal production elicited in this study, namely, the combined spontaneous and imitated
words in the naturalistic observations (Chapters 4) and children’s responses to the

experimental nonword repetition task (Chapter 5).
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Table 6.2: Distribution of four frequency categories across data sources

Legend: Grey cells indicate intentional design of even distribution of target nonwords by frequency
category

mothers | naturalistic experimental nonwords

input target child form | target child form*
FSFT 049 | 0.52 0.42 0.25 0.24
FSIT 0.17| 0.14 0.27 0.25 0.27
ISFT 0.23| 0.24 0.17 0.25 0.20
ISIT 0.12| 0.10 0.13 0.25 0.20

* Note: The proportions of child forms for the nonwords do not add up to 1 because miscellaneous or
one-syllable responses (<10%) are not included in this table.

The proportions of the frequency categories across mothers’ input and targets are the same,
and in the expected pattern: FSFT stimuli had the largest proportion (about half) and ISIT
stimuli had the smallest (about 10%). Stimuli with frequent tone combinations (FSFT and
ISFT) formed the majority across these three data sources. This count corresponds with the
tone combinations of mothers’ input and child targets as discussed in Chapter 4 and in Table
6.1: all the tones that mothers produced and children targeted were frequently occurring tone

sequences.

However, the pattern for child forms differed from mothers’ input and the targets: the
proportions of the FSFT and ISIT were the same as mothers’ input and the targets, but FSIT
stimuli were produced more often than ISFT, the reverse pattern of mothers’ input and the
(naturalistic) targets. Comparing between the targets and child forms, children were making
substitutions to the words they hear: they targeted the words with frequent segmental
sequence (and infrequent tone sequence, FSIT) less often but produced them twice as
often. This count also corresponds with the tone sequence of child forms discussed in
Chapter 4.2 and in Table 6.1: T1-0 is an infrequently occurring tone sequence in the
language but children produced it the most, followed by T1-1 and T1-4 (which are frequently

occurring in the language).

The children’s responses to the experimentally manipulated task of nonword repetition
produced yet another pattern of results. For this task, the proportions of the targets were
artificially manipulated to be equally prevalent in each of the frequency categories. Children
produced frequent segmental sequences (FSFT and FSIT) more than those with infrequent
segmental sequences (ISFT and ISIT), but contrary to expectations again, the proportion of

FSIT responses was greater than that of ISFT responses.
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Throughout both naturalistic and experimental tasks, frequency of occurrence in the
language has been shown not to equate directly with the frequency within the child’s
repertoire of words (cf. Menn, 2013; Ota, 2013); similarly, within-task frequencies may also
influence children’s productions for the duration of the task. As seen from the naturalistic
(Chapter 4) and experimental data (Chapter 5), some of the most frequently produced
segment and tone sequences were idiosyncratic child patterns and templates and not all
were among the most frequently occurring in Mandarin. This is crossed with yet another
factor, that of precision (i.e., the degree of match of child form to target): some of the
frequently produced segment and tone sequences were not precise at all and were used
mostly as substitutions, for example, some of the T1-x tone sequences. As mentioned in
Chapter 4.2, T1-x tone sequences have been well-practiced since the babbling stage (cf.
Lou et al., 2018). The patterns of use and prevalence of the T1-x tone sequences in the
present study suggest templatic usage; these T1-x tone sequences are further discussed in

section 6.2.1.

6.2 The whole-word approach to Mandarin

The goal of the thesis was to examine whether the whole-word approach of studying
children’s early speech forms may be applied to Mandarin and what form it might take. The
basis of the whole-word approach is that children learn word forms; knowledge of sound
categories emerges from knowledge of those forms (Vihman, 2017). Evidence of this comes
from the observation that children’s early word forms are ‘holistic’, quite accurate, and
closely similar to salient aspects of the child’s own phonological repertoire (Vihman, 2017).
The salient aspects may affect memory for non-salient aspects. As children produce more
and more words, routines and patterns may begin to emerge. The emergence of these
patterns, termed ‘phonological templates’ (Vihman & Croft, 2007; Vihman, 2019), roughly
coincide with a child’s first referential word use. The practice of speaking, regardless of
accuracy, also helps support the development of phonological memory for novel word forms
(Keren-Portnoy et al., 2010; Parra et al., 2011; Vihman, 2022).

Such systematic productions of simplified or restructured forms of words to ease the
difficulties of challenging words have been found in children learning a wide range of
languages. Templatic use may be reflected in high frequency of occurrence coupled with
moderate precision, because it indicates use and overuse, and a ‘selection’ of the chosen
shape together with an ‘adaptation’ of other words which do not have that shape to the
chosen shape (Vihman & Velleman, 2000). From the findings of Lou (2020) and the present

study, it seems that Mandarin is no exception. Templates are elaborated upon next.
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6.2.1 The rise and fall in templatic use

How may templates be represented in Mandarin? Templates are thought to be a support for
eventual accurate production of forms, so when will the templates found in the present study
start to fade? As templates are constantly being organised and reorganised based on the
children’s own lexicon, there will come a time where the patterns the children produce are,
simply, the accurate adult form. An increase in accuracy of words then corresponds with a
decrease in templatic use. For example, Vihman’s (2019) reanalysis of Priestly’s (1977)
child’s use of his favoured [CVjVC] template, presented by age of acquisition, shows a
distinct rise and then fall in the use of the template. The child selects and adapts many
words to the template between weeks 3 and 6 of recording and accurate forms alongside
templatic forms around week 4, but from week 10 onwards, most of his productions have

become much closer to the adult form and the use of the template has faded.

The findings from this study show that segment and tone templates are independent of one
another, just as segment and tone accuracy are independent (based on the experimental
findings in Chapter 5). Lou found monosyllabic but not disyllabic segmental templates at the
25wp for some children. In the present study, monosyllables were not analysed, but the
disyllabic segmental /t/-/t/ and other /t/-containing consonant sequences found involved
substitution patterns for more challenging fricative/affricate sounds and therefore were not
considered templatic. Thus findings about disyllabic segmental templates in Mandarin
remain inconclusive. Further work could study children at 2.5 to 3 years and beyond to

determine whether consonant sequence templates may be found.

However, it seems that there is a different trajectory for tone templates. At the 4wp Lou
found templatic use of T1 and T4 and she found no disyllabic tone templates at either word
point. The fact that the monosyllabic tone templates found were no longer templatic by the
25wp indicates that children were becoming more accurate in their monosyllabic
productions. This may indicate a developmental shift, in that templatic use decreases with
increase in vocal practice and accuracy. This is in line with the original idea that templates
are mostly found at the one-word stage (Vihman & Croft, 2007; Vihman, 2019). However,
even at the 25wp, Lou’s children were still inconsistently producing monosyllabic tones and
were not yet fully accurate (cf. other studies of inconsistent usage of tones even by children
aged 3 years and up by Wong and colleagues, 2005, 2012, 2017). Lou reconciled this
contrast by explaining that each of the four tones had a different developmental trajectory.
Use of T1 and T4 was far more accurate at the 25wp and these tones were less often used

as substitutes for the other tones at that stage; at the same time, T2 and T3 were
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increasingly being used and misused, but there was no longer a clear pattern in the

monosyllabic tone use.

In this study, in contrast, there were two disyllabic tone templates (and one pattern) beyond
the 25wp. The T1-x tone templates (specifically, T1-1 and T1-0) found in the present study
resemble Mok and Lee’s (2018) extension of Vihman'’s templates, given that the children in
the present study were no longer at the one-word stage and these templates were used
alongside accurate forms. T1-1 was selected for use in the lexical category of kinship terms
and adapted for use in general. T1-0 was overwhelmingly produced by children; it was
seemingly their preferred motoric routine in general, which would account for their applying it
to word and nonword stimuli alike. (T1-4 was also frequently used, but as most uses had
high levels of precision, it could not be considered ‘templatic’.) Meanwhile, T3-2 is simply a
pattern specific to the pronunciations of kinship terms (among other words, as mentioned in
section 4.2.3.2.3) in Singapore. Future work could examine the specific prevalence of

various tone sequences in other linguistically diverse communities.

The overwhelming use of T1-x tone sequences deserves more discussion. Not only is T1
acoustically salient, thus catching children’s attention from a young age (cf. Fernald, 1999),
but children have also had extended proprioceptive experience with T1. Evidence for this is
that prelinguistic children learning Mandarin make considerable use of T1 in babbling (Lou et
al., 2018). Lou (2020) has shown that at the 4wp T1 and T4 are used for production
(‘selected’) and overused for the other tones (‘fadapting’ them), again due to the high
perceptual salience of these tones and a continuation of the babbling routines children have

developed with these tones.

At the 25wp, while they were not templatic, the children in Lou (2020) also favoured tone
sequences which start out high and then fall, i.e., T1-4 and T1-0. Even though mothers and
children in the present study used a wider range of tone sequences than those in Lou
(2020), T1-x tone sequences may still have stood out in their everyday speech, thus the high
early usage is sustained through to the later lexical stage, represented by the weeks
following the 25wp of the children in this study. Evidence for the templatic use of T1-0 can
also be observed in children’s responses to novel stimuli in the experimental nonword

repetition task: T1-0 was the tone sequence of choice.

Chen (J.-Y., 1999, 2000) has suggested that Mandarin lexical tone production is analogous
to English stress production, where the stress pattern provides the phonological frame for

the word and the segmental information is then inserted into the frame. Examining the
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evidence from both production paradigms (cf. Table 6.2), it seems that children target and
produce real words with frequent segmental sequences that also have a frequent tone
sequence (FSFT). In contrast, in direct imitation of newly encountered stimuli, within a
limited set of stimuli, (FSIT), children produce more words with frequent segmental
sequences and infrequent tone sequences (FSIT; some of the T1-x sequences children
often produce are actually infrequently occurring in the language, but the salience of T1 in
S1 seems to take precedence over other frequently occurring tone sequences), but words

containing frequent tone sequences (FSFT and ISFT) were still more precisely produced.

The whole-word approach in Mandarin may thus be characterised as follows: a salient and
well-practiced tone (T1) provides a tone ‘envelope’ for segments to fill in (which may then be
the foundation for adult studies that find that tone information is processed first relative to
syllable information, especially in top-down processing, cf. Liu & Samuel, 2007; Sereno &
Lee, 2015; Ye & Connine, 1999). The high acoustic salience allows children to pick up T1
early on, leading them to practice it during babble (Lou et al., 2018). The well-practiced T1-x
motoric routines thus involve less of a cognitive load, regardless of the fact that the T1-x
tone sequence may be infrequent in the language (in line with previous findings that
children’s templates are idiosyncratic and may be independent of ambient language effects,
Menn, 2013; Ota, 2013). As a result, attention can be directed to the segmental sequences,
which are (50-60%) variegated, so that children may still be fairly precise at matching the
variegated word structures in Mandarin. Variegated word structures are the most challenging
word structures for children to produce. However, the children in this study were adept at
producing variegated responses for variegated targets, as was reported in Lou (2020) and
Vihman et al. (2022).

When may consonant sequence templates be found, then, and when will these tone
sequence templates begin to fade? Given the lack of ‘mastery’ of tone found in children even
up to 6 years of age (e.g., Wong et al., 2005, 2012, 2017; Xu Rattanasone et al., 2018), tone
templates may exist for a while yet, as support for the eventual mastery of the adult forms.
Future work with 2.5 to 3-year-olds may provide evidence from the next stage in the
production of segmental and tone sequences to see if segmental patterns emerge and tone

patterns fade or endure.
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6.2.2 Revisit: The (a)symmetry of segmental and tonal information

In the chapter on Mandarin the literature concerning the lexical access of segmental and
tonal information and error analyses of segments and tones in Mandarin was discussed, with
a consensus that there may be a dissociation in the processing of segment and tone
information. Children learning the Chinese languages have rarely been tested with
production paradigms outside of attempts to determine the age of mastery of segmental and
tonal information. It makes sense to study segmental and tonal information together and ask
whether there could also be a dissociation in the way these two pieces of information are
processed in production-based tasks in children. The findings from this study support this
conclusion: the presence of tone but not segment templates past the 25wp was noted in the
naturalistic observations; the fact that frequent segmental sequences or tone sequences had
no effect on the accuracy of the other element (tone accuracy and segment accuracy,

respectively) might also indicate independence of segmental and tonal elements.

Segments and tones can be said to develop independently and at different speeds (cf.
Noiray et al., 2019 on holistic and segmental elements in a language developing together
but “at different paces at different times”, p. 12). This may apply to Mandarin acquisition too:
the developmental trajectory for tone production seems to span a longer time period than
that for segment production: for tone, potentially 9 months (cf. Lou et al., 2018, especially for
T1) to 6 years (cf. Wong and colleagues, 2005, 2012, 2017), for segments: potentially 2 (cf.
Li & To, 2017) to 4 years (cf. Ma et al., 2022, especially for affricates). Tonal information is
available to and retained by children more quickly than segmental information (especially in
short-term recall), but children take a longer time to master it and become adult-like in its
production. In contrast, the window for segments is shorter; segments are produced later

than tones but seem to stabilise earlier.

Thus, the shift in focus between segmental and tonal information and between production
and perception as children advance lexically may be as follows: T1 is frequent in 9- to 12-
month-old children’s babbling (Lou et al., 2018), leading to templatic use of T1 and T4 at the
4wp (roughly 13 months old; Lou, 2020). Monosyllabic segmental templates are then found
at the 25wp (at roughly 18 months), while use of monosyllabic tone templates have faded
(Lou, 2020). Past the 25wp (from 20 months on, as in the present study), most consonant
segments are said to have been acquired (according to studies in Li & To, 2017). However,
not all consonant segments were found to have been acquired by the children in this study.
Many of the most frequently produced consonant sequences were used to substitute for the

more challenging fricative and affricate sounds that children have not yet mastered (cf. Ma et
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al., 2022); no disyllabic segmental templates were identified. At this point, though, disyllabic
tone templates or patterns may be found (T1-1, T1-0, T3-2). At the stage where disyllabic
tone production is templatic, perception studies are also showing children to be more
sensitive to tone mispronunciations (Wewalaarachchi et al., 2017). The proprioceptive
experience of tone use as well as perception of the corresponding auditory information and
‘kinetic feedback’ the child receives from hearing themselves speak (McAllister Byun &
Tessier, 2016; Vihman, 2022; cf. Icht & Mama, 2015) builds on and reinforces children’s
phonological memory and sensitivity to tone. The practice that children have gained from the
repertoire of consonant segments that children have acquired (given the lack of templates
found post-25wp) then allows them to perceive segment mispronunciations more readily
from age 4 years onwards (Singh et al., 2015), whereas tone is still being practiced and
takes time to master long after segment acquisition (cf. Wong et al., 2005, 2012, 2017; Xu
Rattanasone et al., 2018). Thus, there is an interchange between segments and tones and
perception and production: tone perception and production begin early but tone production is
mastered late, segment perception and production occur later but segment production may
still yet be mastered before tone is. As mentioned earlier, future work with 2.5- to 3-year-olds
could provide evidence regarding the next stage in the mastery of segment/tone production.

6.3 Implications and future directions

The objective of the study was to systematically investigate the ways in which children
learning Mandarin represent the segments and tones in the language they are learning. This
study adds to the production literature, which has been studied less, by means of two
paradigms. Specifically, both the speech forms children produce in an everyday setting and
their responses to unfamiliar stimuli were studied. The thesis integrated two complementary
strands of research: the study of short-term retrieval and production practice complemented
the study of the influences of long(er)-term knowledge on phonological development.
Evidence that segment and tone are independent of one another was presented in both
production paradigms, in line with much of the previous literature based on adult and child
perception tasks. Additionally, there was evidence of tonal but not of segmental templatic
use in the children’s words. Applying the whole-word approach to Mandarin, the salience of

T1 provided a tone envelope for the production of segmental sequences.

Perception studies have found a potential three-way asymmetry among consonants, vowels
and tones. Future researchers may want to study older children’s speech forms to ascertain
if there is a corresponding three-way asymmetry in production. Future researchers could

also study a larger sample of children to extend the naturalistic observations of this study.
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As mentioned in sections 5.3 and 6.1.3, frequency of segmental sequences was not
significant until syllable position was included in the analysis of segment accuracy (with more
accurate frequent segmental sequences in S2 than S1). Looking at the nonword stimuli, after
counterbalancing across the conditions, there were more plosive-initial syllables in S2 of the
nonwords with frequent segmental sequences, coupled with more plosive-initial syllables
in the S1 of the nonwords with infrequent segmental sequences. Future analyses might
benefit from analysing the accuracy by syllable in addition to the whole nonword. This will
address the question of whether the driving force behind the responses is simply ease of
articulation or familiarity through production experience with a given syllable type (in terms of
manner), rather than the frequency of the segmental sequences themselves. This will tie in
with the proposal in Vihman et al. (2022, 2023) that the syllable, rather than the word, may

be the basic unit of segmental representation for Mandarin.

This study contributes to the limited production literature on how children represent
segments and tones in Mandarin and the patterns and templates found in their word forms.
The linguistically diverse environment provides a rich base on which further in-depth
analyses could be conducted. The patterns of phonological development found for these
children immersed in this linguistically diverse environment may be of both theoretical and
practical interest for educators, linguists and speech language pathologists working with

children in other multilingual environments.
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Appendices

Appendix A: List of words added to the nonword repetition task

Twenty words that were familiar to 2-year-old children were selected from the Singapore CDI

and added to the repetition task to make the task less daunting (Table Al). These words

were not analysed.

Table Al: Selected words from Singapore CDI

Word Gloss
teiltan4 egg
hau3uan2 | fun to play with
hu2tie2 butterfly
thien1khon1 | sky
phu2thao2 | grape
khuai4tien3 | hurry
tsaidtgien4 | goodbye
gi3huanl like
giau3maul | kitty
heilse4 black
teien1pan3 | shoulder
ta2sau3 clean
tadgian4 elephant
khai1ginl happy
thai4ian2 sun
paniman2 | help
gioulgi2 nap
phin2kuo3 | apple
teinluan3 | tonight
kuan4thou2 | can
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