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Abstract

Studies investigating voicing in oral stops using voice onset time (VOT) in IDS and ADS,
present mixed results regarding the presence of hyper-articulation of VOT in IDS. However,
there have been no studies of VOT in IDS in a language with a four-way contrasts of voicing

in stops such as Nepali.

Sixteen Nepali speaking mother-infant dyads were recruited. Four target pictures of minimal
pair objects, each contrasting in onset consonant voicing (/ga.da/ ‘bullock cart’, /gha.{i/
‘neck’, /ka.ta/ ‘hairpin’, and /k"a.na/ ‘food’) were selected as targets. Mothers were asked to
play with their infant using the target pictures, thereby eliciting IDS. To elicit ADS, mothers
were asked to interact with the adult experimenter. Acoustic analysis was then carried out for
all word initial stops in the target words that occurred in sentence initial position or in
isolation, in both IDS and ADS. Voicing cues were measured as lead time and lag time. In
addition, the occurrence of devoicing (complete absence of lead time) in voiced consonants
was recorded as a binary variable. Vowel duration was measured to control for speaking rate.
The aim of the current study was to test two hypotheses. The first hypothesis was that there
would be hyper-articulation of devoicing, lead time, and lag time in IDS compared to ADS.
The second hypothesis was that the hyper-articulation might be a side-effect of speaking rate

differences.

The results showed the absence of hyper-articulation of devoicing, lead time, and lag time in
IDS. Rather, the higher rate of devoicing and shorter lag time led to poorer voicing contrasts
between the stop categories in IDS compared to ADS. Further, this difference between the
categories could not be explained by speaking rate differences between the registers. The
longer vowels in IDS suggest that mothers focus more on vowels while talking to infants, and

this appears to have the effect of shortening the onset consonants.

To our knowledge, this is the first time that the voicing contrast in IDS is being looked at this
way. This then has wide ranging theoretical implications for better understanding the nature

of IDS and its effects on language learning
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1. Introduction

Studies of infant-directed speech (IDS) often report hyper-articulation of phoneme contrasts
compared to adult-directed speech (ADS) (Kuhl et al., 1997). This hyper-articulation is
suggested to play an important role in infant language acquisition (Kuhl et al., 1997;

Soderstrom, 2007). However, many of these studies have focused on vowels.

Studies investigating oral stops in IDS and ADS have analysed voice onset time (VOT), a
significant acoustic correlate for voicing contrasts in word-initial stops (Lisker and
Abramsons, 1964). These studies present mixed results regarding the presence of hyper-
articulation of VOT in IDS. Some report a hyper-articulation in VOT in IDS compared to
ADS, with IDS VOT being longer in duration. This is thought to assist infants in learning
voicing contrasts (Malsheen, 1980; Sundberg, 2001; Englund, 2006; Burnham et al., 2013).
However, other studies report no hyper-articulation of VOT in IDS compared to ADS
(Synnestvedt et al.; Narayan & Yoon, 2011; McMurray et al., 2013). Furthermore, the study
from McMurray et al. (2013) suggested the hyper-articulation observed in IDS may be due to

a secondary effect of lower speaking rate in IDS leading to longer VOT.

However, when previous studies found prevoiced tokens, these were treated as outliers, since
these languages do not have obligatory prevoicing in stops (Englund, 2006; Synnestvedt et
al., 2010; Burnham et al., 2013). This may have biased the findings, particularly if voicing

hyper-articulation in IDS is realized through prevoicing.

To date, however, there have been no studies investigating VOT in IDS in a language which
has a phonemic distinction between prevoicing (negative VOT) and voicing lag (positive
VOT). Additionally, there have been no studies of VOT in IDS in a language which has a
four-way contrast in voicing, such as that found in Nepali. It therefore remains unclear how
this type of VOT contrast may be realized in IDS. For this reason, the current study
investigats IDS in Nepali, a language with a four-way contrast of voicing in oral stops:
prevoicing (voiced unaspirated and aspirated) and voicing lag (voiceless unaspirated and

aspirated).

In the current study, instead of using VOT, voicing cues will be measured as lead time and
lag time, similar to what Davis (1994) used for Hindi stops. The realization of lead time and
lag time of all word initial stops in target words in sentence initial position or in isolation will
be analysed to investigate two hypotheses. The first is the hyper-articulation hypothesis,

which predicts the lead time and lag time differences in stop categories in IDS will be larger



than in ADS. The second is the speaking rate hypothesis, which predicts longer lead time and

lag time in the register with a slower speaking rate (IDS).

The current thesis is organized as follows: the review of literature is presented first (section
2), leading to the hypotheses (section 2.4). Secondly, section 3 describes the methodology
employed in the study, followed by the results (section 4), discussion (section 5) and

conclusion (section 6).



2. Literature review

2.1 Language experience in infants

The language experience of infants in most cultures is not the same as adults, as adults in
most cultures are reported to modify their speech while talking to infants (Ferguson, 1977).
This modified register is said to serve three possible functions: communicating affect,
eliciting attention, and language learning (Fernald and Simon, 1984; for detail see
Soderstrum, 2007). This special register is known by various terms such as motherese, baby
talk, child-directed speech, or infant-directed speech. Hereafter, we will refer to this special

register as infant-directed speech (IDS).

IDS is reported to have simple syntactic structure and to be lexically simpler, with the use of
more affect words (for detail see Ferguson et al., 1977). In terms of acoustics, it is also
reported to show differences at both prosodic (Fernald et al., 1989) and segmental (vowels
and consonants) levels of structure (Kuhl et al., 1997; Sundberg & Lacerda, 1999) compared
to adult-directed speech (ADS). The following section will first review the literature on the

prosodic characteristics of IDS, and then the vowels and then the consonants in IDS.

2.1.1 Prosodic characteristics of IDS

IDS typically has higher pitch, a wider pitch range, slower rate of speech, and longer pauses
compared to ADS (Fernald et al., 1989). The prosodic aspects of IDS are observed cross-
linguistically (Fernald et al., 1989) and are considered as one of the most salient differences

between the two registers (Fernald & Simon, 1984).

It has been suggested that the exaggerated prosody in IDS serves various functions. It is
thought that it helps in communicating affect, as high pitch and wider pitch range conveys
positive affect (Fernald & Simon, 1984). The prosodic changes in IDS are also shown to
assist in the elicitation and maintenance of attention (Fernald & Simon, 1984). It is used as a
feature to regulate the arousal level of the infants (Fernald & Simon, 1984). Furthermore, it
suggested to play an important role in language learning as the exaggerated prosodic

boundaries may assist in segmentation of continuous speech stream (Fernald & Simon, 1984).



2.1.2 Vowels in IDS

The studies investigating vowels have usually used vowel space as a measure to show the
difference between the two registers (Kuhl et al., 1997; Benders, 2013). For the vowel space
measurements the first formant (F1) and second formant (F2) frequencies of the three
cardinal vowels (/a/, /i/, and /u/) are typically measured. Then the F1 and F2 of vowels are

plotted in a graph on the X and Y axes respectively to produce an F1x F2 vowel space.

Cross-linguistically, vowel space in IDS is reported to be larger in comparison to ADS (Kuhl
et al., 1997). The increased vowel space is suggested to increase the contrast between the
vowel categories. This cross-linguistic phenomenon, referred as hyper-articulation, was
suggested to be universal feature of IDS (Kuhl et al., 1997). Kuhl et al. (1997) reported from
their cross linguistic study of point vowels (/a/, /i/, and /u/) in American English, Russian,

and Swedish a hyper-articulation of vowels in IDS compared to ADS. They found that, across
all languages, vowels in IDS showed exaggerated formant values, leading to larger contrast

between vowels in IDS compared to ADS.

The hyper-articulation in IDS is suggested to play an important role in infants' learning of
language (Kuhl et al., 1997), where the increased separation of vowel categories in IDS
allows the speaker to produce more variability in vowels with less risk of overlap between the
categories. Thus, hyper-articulation makes it is easier for the learner to learn these vowel
categories, as the smaller the degree of overlap, the greater the contrast between the vowel

categories.

This idea of hyper-articulation and language learning facilitation is further supported by
studies such as Liu et al. (2003) who associated hyper-articulation in IDS with better speech
discrimination in infants. Song, Demuth, and Morgan (2010) also have suggested that vowel

hyper-articulation may facilitate word learning.

However, the idea that hyper-articulation is a universal feature of IDS is contested. Studies of
Dutch vowels (Benders, 2013), Norwegian vowels (Englund & Behne, 2005), and Japanese
vowels (Martin et al., 2015) have reported no hyper-articulation in IDS compared to ADS.
Further, Dutch vowels show greater separation in ADS than IDS. In addition, Cristia & Seidl
(2014) suggest that even within a language, hyper-articulation may be a phoneme specific

phenomenon.
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The absence of hyper-articulation and reports of hypo-articulation of contrasts in IDS in some
studies raises questions about the importance of hyper-articulation for language learning.
Furthermore, there are suggestions that hyper-articulation is an unintended side-effect of
smiling when talking to infants (Englund & Behne, 2005). Englund and Behne (2005)
suggested that smiling raises the formant frequencies, giving the impression of hyper-

articulation in vowels.

In summary, there is evidence suggesting hyper-articulation of vowels in IDS (Kuhl et al,
1997). However, there is also contradicting evidence suggesting the absence of vowel hyper-
articulation in IDS (Englund & Behne, 2005; Benders, 2013). Additionally, Benders (2013)
reported vowels in ADS show enhanced contrasts in comparison to IDS. Hence, it is unclear

whether or not acoustic contrasts between vowels in IDS are universally enhanced.
2.1.3 Consonants in IDS

Unlike vowels, studies comparing the acoustic phonetic features of consonants between IDS
and ADS have received less attention. Sibilant and plosive consonant contrasts have been
studied. Readers interested in sibilant contrasts are referred to Cristia (2010). In this paper we
focus on studies investigating stops (specifically oral stops) which have compared voicing

contrasts between the two registers using voice onset time (VOT).

Voice onset time is the durational difference between the initiation of laryngeal voicing and
the release of articulatory closure (Likser & Abramson, 1964). VOT is a well-established
acoustic correlate which differentiates word initial stops of various languages such as
English, Spanish, and Cantonese with a two-way contrast, and Thai and Armenian with a
three-way contrast, in both production (Lisker & Abramson, 1964) and perception
(Abramson & Lisker, 1970).

An example of VOT of word initial velar stops in English is shown in Figure 1. As shown in
Figure 1, if the laryngeal vibration starts before the articulatory release (left side of Oms
point), the VOT value is negative: this is also referred as lead time or pre-voicing. If the
laryngeal vibration starts after the articulatory release (right side of Oms point), the VOT
value is positive: this is also referred to as /lag time. In the case of English, both the
phonologically voiced stops /b, d, g/ and the phonologically voiceless stops /p, t, k/ have
positive VOT, meaning the laryngeal vibration starts after the articulatory release. In

addition, the difference in VOT of voiced vs. voiceless stops is approximately 30ms.
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Stop release

/g/ /k/ English
I I | |
| | | - | | \
Time - -60ms -25ms 0 25ms 60ms +
| | | |
[ 10 |
Lead time Lag time

Figure 1: VOT of word initial velar stops in English (Lisker & Abramsons, 1964). The
horizontal axis represents the time in milliseconds (ms) which ranges from negative to
positive. The Oms point refers to the point of onset of articulatory release of a stop
consonant. Negative VOT, onset before Oms point, is referred as lead time. Likewise, positive
VOT, onset after Oms point, is referred as lag time.

2.1.3.1 VOT studies in IDS

Studies investigating VOT in IDS compared to ADS present mixed results. These mixed
results can be classified into three groups, with one reporting hyper-articulation of VOT in
IDS (Malsheen, 1980; Sundberg, 2001; Englund; 2005), the second reporting no hyper-
articulation of VOT in IDS (McMurray et al., 2013), and the third reporting reduced VOT
contrasts in IDS to compared to ADS (Narayan & Yoon, 2008; Synnestvedt et al., 2010).
However, except for one study with a three-way contrast (Korean- Narayan & Yoon, 2011),
all the previous studies were based in two-way contrast languages (American English-
Malsheen, 1980; Burnham et al., 2013; McMurray et al., 2013; Synnestvedt et al., 2010;
Swedish- Sundberg and Lacerda, 1997; Norwegian- Englund, 2005 ). It is not known how

voicing contrasts manifest in a language with a four-way contrasts.

Studies from Norwegian (Englund, 2005), Swedish (Sundberg and Lacerda, 1997; Sundberg,
2001) and English (Malsheen, 1980; Burnham et al., 2013) have supported the idea that VOT
contrasts in IDS are hyper-articulated compared to ADS. This means that the two-way
voicing of stops in these languages shows enhanced contrast of VOT between the stop
categories in IDS compared to ADS. However, studies investigating VOT in IDS compared
to ADS in American English (McMurray et al., 2013) suggest the absence of hyper-
articulation in IDS. Furthermore, the Narayan & Yoon (2011) study on Korean stops and the
Synnestvedt et al. (2010) study on American English stops have shown hypo-articulation of
VOT in IDS compared to ADS.

Each study has their own explanation regarding the presence or absence of hyper-articulation
in their findings. The studies explaining hyper-articulation base their assumptions on the
effect of infant’s age on IDS (Malsheen, 1980; Sundberg & Lacerda, 1999). In contrast, the

studies suggesting no hyper-articulation in IDS suggest only a prosodic difference between

12



the two registers (McMurray et al., 2013). These explanations are discussed further in the

following section.
2.1.3.1.1 Hyper articulation of VOT

The first explanation for hyper-articulation of voicing contrasts was proposed by Malsheen
(1980). Malsheen (1980) suggested that the hyper-articulation of VOT in IDS is due to the
mother’s intention of teaching language to their infants. This explanation derives from her
cross-sectional study comparing VOT in word initial stops in mothers' speech addressed to
infants with mothers' speech addressed to an adult. She reported that among the three groups
of mother-infant dyads (6-8 months; 15-16 months; 2.5-5.2 years), only the mothers talking
to their infant aged 15-16 months showed hyper-articulation of VOT.

Malsheen (1980) proposed that mothers tailor their speech to facilitate the learning of voicing
contrasts. Thus, hyper-articulation is observed in IDS only to infants who are expected to be
learning such contrasts (15-16 months) and not in the IDS to pre-linguistic infants (6-8
months), who are not expected to learn voicing contrasts, and not to older children (2.5-5.2

years) who have already acquired voicing contrasts.

However, a recent study in American English investigating the difference in VOT in IDS and
ADS has reported an absence of correlation between VOT in IDS and mothers' linguistic
expectations (Synnestvedt et al., 2010). This longitudinal study compared the VOT of 15
American English-speaking mother-infant dyads with infants aged 7.5-11 months in IDS and
ADS. They reported longer VOT only for voiced stops in IDS throughout this period.
Furthermore, they reported no correlation between the VOT in IDS and mother’s linguistic
expectations of her infant, measured using MacArthur-Bates Communicative Development
Inventories (MCDI). In conclusion, the study reported reduced VOT contrasts in IDS due to
the longer VOT lag time of voiced stops, resulting in an increased overlap between the

voicing categories.

In contrast, Sundberg and Lacerda (1999) and Sundberg (2001) proposed that the acoustic
phonetic features of IDS, such as vocalic features (e.g. formants of vowels), consonantal
features (e.g. VOT of oral stops), and prosodic features (e.g. pitch) are related to the
communicative intention of the mothers, which changes with the age of the infant. Thus,
Sundberg and Lacerda (1999) reported the absence of hyper-articulation in six Swedish
speaking mothers' speech to their 3-month-old infants compared to speech to an adult. In

contrast, Sundberg (2001) reported hyper-articulation of VOT for both voiced and voiceless
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stops in the speech of six Swedish mother-infant dyads of infants aged 11-14 months
compared to ADS. The authors argued that this difference in VOT in IDS across the two age
groups was due to mothers’ adaptation of speech depending on her communicative intent.
While talking to pre-verbal infants (3-month olds), mothers intend to communicate affect and
direct the infant’s attention and arousal. Thus, the phonetic features of IDS addressed to
young infants shows exaggerated prosodic characteristics such as higher pitch and wider
pitch range associated with affect. Mothers communicating with pre-verbal infants have no
intention of teaching language. This may have resulted in lower differentiation of VOT.
However, as the age of the infant increases in age, the mothers’ communicative intent
gradually focuses on language teaching. This change towards language teaching is reflected
iin the hyper-articulation of voicing contrasts in the IDS of older infants (11-14 months) to

facilitate the learning of voicing contrasts.

However, Englund (2005) conducted a longitudinal study investigating the word initial stops
of six Norwegian mothers’ interacting with their infants and adults throughout the first six
months of the infants’ lives. She reported that hyper-articulation of VOT in IDS was
observed throughout the study. Furthermore, she reported that the observed difference in
VOT between the two registers was independent of speaking rate differences between IDS

and ADS.
2.1.3.1.2 No difference in VOT contrasts

However, McMurray et al. (2013) suggested that the hyper-articulation observed in IDS
compared to ADS may be due to the speaking rate difference between the two registers. They
examined the VOT of 18 mother-infant dyads (9-13 months) of American English-speaking
mothers reading to their infants compared to mothers reading to an adult. They reported
hyper-articulation, which was due to longer VOT for the voiceless stops in IDS than in ADS.
However, they also reported that the observed hyper-articulation was due to the slower
speaking rate in IDS. This slower speaking rate led to an increased VOT of stops, giving an
impression of hyper-articulation. Thus, when the two registers were normalized for speaking
rate, there was no hyper-articulation effect. Based on this evidence, McMurray et al. (2013)
argued that the reported hyper-articulation may be due to the speaking rate differences
between the two registers. However, this explanation fails to account for the longer VOT

observed in Norwegian mothers' speech to their infants, where there was no difference of
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speaking rate when mothers were speaking to their infants compared to an adult (Englund,

2005).

In conclusion, there is disagreement regarding the presence of hyper-articulation of voicing
contrasts in IDS. Studies from Sundberg and Lacerda (1999) and Malsheen (1980) suggest
that voicing contrasts in IDS are hyper-articulated. However, the study from McMurray
(2013) suggests that the difference in speaking rate between the two registers can account for
the difference in voicing contrasts. This highlights the need for further research to determine

the factors that give rise to these conflicting results.

Except for Korean (Narayan & Yoon, 2011), which has a three-way stop voicing contrast, all
the previous studies of voicing contrasts in IDS compared to ADS have been carried out in
languages with only a two-way contrast (American English- Burnham et al. 2013; McMurray
et al. 2013; Synnestvedt et al., 2010; Malsheen, 1980; Norwegian- Englund, 2005; Swedish-
Sundberg & Lacerda, 1999; Sundberg, 2001). None of the studies have reported the voicing
contrasts in IDS in a language with a four-way voicing contrasts in stops, such as Nepali.
Furthermore, when previous studies found prevoiced tokens, they were treated as outliers,
since these languages do not have obligatory prevoicing in stops (Malsheen, 1980; Englund,
2006; Synnestvedt et al., 2010; Burnham et al., 2013). If it was the case that voicing
exaggeration in IDS is realized through prevoicing, then the exclusion of prevoiced tokens
may lead to a misrepresentation of the effect, biasing the results. To date, however, there
have been no studies of VOT in IDS in a language which has a phonemic contrast between
prevoicing (negative VOT) and voicing lag (positive VOT). It therefore remains unclear how
this type of voicing contrast may be realized in IDS. For this reason, the current study
investigates IDS in Nepali, a language with a four-way contrast of voicing in oral stops:
prevoicing (voiced unaspirated and aspirated) and voicing lag (voiceless unaspirated and

aspirated).

In languages with a four- way voicing contrasts such as Hindi (Lisker & Abramson, 1964),
Bengali (Lisker & Abramson, 1964), and Nepali (Poon & Mateer, 1985) (see Figure 3), VOT
does not contrast the four categories. The reports from these studies have shown that VOT
shows a clear contrast with distinct VOT values for three categories (voiced unaspirated,
voiceless unaspirated, and voiceless aspirated). However, the VOT of voiced aspirated stops
largely overlaps with the VOT of voiced unaspirated stops in Hindi and Bengali (Lisker &

Abramson, 1964), and overlaps with both voiced unaspirated and voiceless unaspirated stops
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in Nepali (Poon and Mateer, 1985). The following section presents a brief overview of the

Nepali language, with implication in research design.
2.2 Nepali

Nepali is the lingua franca of Nepal. There are 42 million speakers of Nepali word-wide
(“Nepal-Ethnologue-2016). Of the total population of Nepal, 44.6% speak Nepali as a
mother tongue, and the rest of the population speaks it as their second language (National
census (2011), c.f. statistical year book of Nepali (2013)). The following section will present
a brief descriptions of Nepali phonology and morphology (for details see Pokharel (1989);
Acharya (1991); Manders (2007)).

2.2.1 Phonology
2.2.1.1 Consonants

Nepali, similar to other Indo-Aryan languages such as Hindi and Bengali, has a series of
stops and affricates (Table 1) which show a contrast in both aspiration (extent of glottal
opening) and voicing (laryngeal vibration) (/dfam/ ‘pilgrimage’ vs. /dam/ ‘money’ vs. /tham/
‘stop’ vs. /tak/ ‘button’).

Table 1: Consonants in Nepali (Khatiwada, 2009).

Bilabial | Dental Alveolar | Retroflex | Palatal Velar Glottal

Stops p b |t d t d k g
ph bﬁ th dﬁ th QH kh g A

Affricate ts dz
tsh dzf

Nasals m n 1

Tap or Flaps r

Fricative S f

Lateral

Approximant (W) ()

2.2.1.1.1 Voicing contrasts in Nepali

Voicing contrasts, measured for all word initial stops using VOT, show contrast only for
three stop categories (Poon and Mateer, 1985). Poon and Mateer (1985) investigated VOT in
word initial stops of ten adult male speaker of Nepali from a repeated elicitation of citation
words. The study reported that voiced aspirated stops had longest negative VOT (-67.55ms),
whereas the longest positive VOT was reported for voiceless aspirated stops (83.56ms). The

mean VOT for both voiced unaspirated (24.47ms) and voiceless unaspirated stops (26.79ms)
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were positive (Figure 2). Note the resulting partial VOT overlap between voiced aspirated

stops and the two voiceless stop categories. In addition, the study reported devoicing, i.e. the
absence of (optional) pre-voicing, in voiced aspirated stops. Thus, both prevoicing (negative
VOT or lead time) and aspiration (positive VOT or lag time) need to be measured to provide

a complete picture of the acoustic characteristics of voiced aspirated stops.

Stop release

K/
k! I l
¢ |
oy | |
gy [ 1
T

] ___________ ‘ _______________ | e | |
Voice Onset Time - -100ms -50ms 0 S0ms 100ms +

Figure 2: Mean VOT values (ms) for Nepali word initial velar stops (Poon and Mateer,
1985): ‘kh’- voiceless aspirated stop, ‘k’- voiceless unaspirated stop, ‘gh’- voiced aspirated
stop, ‘g’- voiced unaspirated stop.

As VOT is a one-dimensional measure it either measures the prevoicing or the aspiration of a
stop, and can never characterize both simultaneously. Thus, in cases of voiced aspirated
stops, which show both prevoicing and aspiration, VOT fails to capture both aspects. Davis
(1994) therefore measured voicing cues in Hindi stops using the two independent duration
cues of lead time and lag time, which measure prevoicing and aspiration, respectively. The
present study will also utilise lead and lag time instead of VOT to measure voicing in Nepali

stops.
2.2.1.1.2 Other phonological features of Nepali

There are 11 contrastive vowels in Nepali (/1/, /u/, /e/, /™, /o/, /al, /1, I&/, A/, [0/, /a/). Syllable
structure of Nepali is (C) (G) V (G) (C) (Acharya, 1991), where “C” stands for consonants,
“V” for vowels (monothongs and dipthongs) and “G” for glides. Stress in Nepali is non-

distinctive. There is fixed stress on the word initial syllable (Acharya, 1991).
2.2.2 Morpho-syntax

Nepali is a morphologically rich language. Various grammatical morphemes are used in
Nepali to indicate properties such as case, gender and number on nouns and verbs (for details
see Chen, 2014, Acharya (1991)). Nepali can be also considered a ‘free word’ order
language. Due to case marking, all word orders such as SOV, SVO, VOS, VSO, OSV, and

OVS (where “S” refers to subject, “O” refers to object and “V” refers to verb) are allowed
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(Chen, 2014). Case marking is usually shown by addition of a suffix to the noun. For

example:

hari-le dzantsha gar-Q

Hari-ERG! go-1SG.NPST?>  house-NOM?

‘Hari eats rice’
2.3 Role of linguistic experience in language learning
Infants are thought to learn language from their language experience (Kuhl et al., 2006; Maye
et al. 2002). There are studies suggesting that mere exposure to input may be adequate for
learning (Maye et al., 2002). Other studies suggested that not only the exposure, but the
social interaction between the infant and adult plays a role in infants’ language learning
(Kuhl, Tsao, and Liu, 2003). Kuhl, Tsao, and Liu (2003) exemplified the role of social
interaction in infants’ language development. They investigated phonetic perception in
infants learning English and Mandarin between six and twelve-months. The findings
suggested that English-learning infants exposed to Mandarin in an interactive session could
perceive the Mandarin contrasts (an alveolo-palatal affricate /tc"/ vs an alveolo-palatal
fricative /C/). However, the English-learning infants exposed in a non-interactive session for
the similar duration performed no better than the infants who were not exposed to Mandarin.
Therefore the study suggests that IDS, due to its interactive nature, plays a vital role in

language learning.
2.3.1 Language experience and acquisition of voicing contrasts

Studies suggest that 10-11-month-old infants may use VOT cues to discriminate between the
voicing contrasts in stops in their native language (Eimas, Siqueland, Jusczyk, & Vigorito,
1971). Furthermore, laboratory learning experiments suggests that infants are sensitive to the
distribution of VOT in the language input they receive (Maye et al., 2002). This suggests that
it is vital to investigate how these voicing contrasts are represented in the input to the infants,
and the implications this may have for learning voicing contrasts. A study of Hindi voicing
acquisition reported that, even by six years of age, children could not produce all the four-
way voicing contrasts (Davis, 1995). This may indicate that children learning Nepali may
face similar difficulty in learning Nepali voicing contrasts. Given that infants are sensitive to

voicing cues in the input (Maye et al., 2002), this suggests that infants learn voicing contrasts

! ERG-ergative case
2 SG- singular and NPST- not a past tense
* NOM- nominative case

18



in their language based on the distribution of voicing cues in input (Eimas, Siqueland,
Jusczyk, & Vigorito, 1971). It is therefore of significant interest to look at infants’ input in

Nepali, as it may inform us about the acquisition of Nepali voicing contrasts.
2.4 Hypothesis of the current study

The aim of the current study was therefore to investigate the realization of four-way voicing
contrasts of Nepali oral stops in IDS compared to ADS. Voicing cues were measured as lead
time and lag time. In addition to voicing cues, the occurrence of devoicing in voiced stops
and the duration of vowel following the target stop was measured. These measures were then

used to test the following two hypotheses.

1. The hyper-articulation hypothesis predicts that voicing contrasts in IDS will be enhanced
compared to ADS. This hypothesis has the following predictions for each measure of

devoicing, lead time, and lag time.

The occurrence of devoicing will be lower in IDS, since the presence of lead time signals the
contrast between voiced and voiceless stops. If lead-time is hyper-articulated in IDS, we

should observe less devoicing of voiced stops in IDS than in ADS.

Lead time will be longer in IDS. Additionally, the lead time contrast between the voiced
aspirated and unaspirated stops should be larger in IDS. Again, as the presence of lead time
signals the difference between voiced and voiceless stops, if IDS enhances these contrasts
this should lead to longer lead time and a larger contrast between voiced consonants in IDS

compared to ADS.

Lag time contrasts in IDS will be larger for voiced and voiceless and aspirated and
unaspirated stops. Lag time is the other cue that signals the contrast between voiced and
voiceless stops as well as aspirated and unaspirated stops. Hyper-articulated IDS will have
larger difference of lag time between the voiced and voiceless as well as between the

aspirated and unaspirated stops in IDS compared to ADS.

2. The speaking rate hypothesis predicts no enhancement of voicing contrasts in IDS
compared with ADS conditions. This hypothesis attributes the longer lead time and lag time,
which may give an impression of hyper-articulated voicing contrast, to slower rate of speech.
Thus, according to this hypothesis, when the two registers are normalized for speaking rate,

there will be no difference in lead time and lag time between the registers.
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If this hypothesis is true, we should observe that the register with longer vowel duration
(attributed to lower speaking rate) will have longer lead time as well as lag time. The
difference between the registers for lead time and lag time will disappear when normalized by

vowel duration.
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3. Method

In this study, 16 mother-infant and mother-adult dyads were recorded. At first,
mothers were familiarized with the selected target pictures. Later, mothers were asked to play
with their infant using pre-selected target pictures to elicit IDS. Finally, to elicit ADS,
mothers were asked to interact with the adult-experimenter. All word initial stops in target
words in sentence initial position or isolation in both registers (IDS and ADS) were analysed

for lead time, lag time, and vowel duration.
3.1 Participants

Participants included 16 mother-infant dyads. Mothers who grew up as monolingual eastern
dialect Nepali speakers (Acharya, 1991) were selected. The age of the infants ranged from 10
to 18 months (M= 14.1 months; SD= 2.4 months; 8 males and 7 females). Mothers ranged
from 26 to 34 years (M= 30 years; SD= 2.8 years) (see Appendix A for details of
participants). An additional six mother-infant dyads were excluded from analysis. The
reasons for exclusion were as follows: mother with different mother tongue (n=1), mother
who grew up as simultaneous bilingual (n=1), mother with premature infant (n=1), and dyad
did not yield enough target tokens (i.e. fewer than five repetitions) at utterance initial position

for data analysis (n=3).

Participants were recruited via advertisement in Sunday community schools across the
Sydney area and on the Facebook page of the Macquarie University Nepali Student
Association. Interested participants contacted the experimenter through the email address

advertised.
3.2 Design
3.2.1 Stimuli and other materials

Target words were four disyllabic CV.CV words of child-friendly picturable object nouns
(see Table 2 for details). Each target word had a velar stop at onset position followed by low
back vowel /a/ in the first syllable. The onset of second syllable was never an approximant
consonant. In addition, there were two other words /gi.dza/ (gums) and /gu.p"a/ (cave) with

different vowels which were not of interest to this study.
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Table 2: List of target words.

Unaspirated Aspirated
Voiced /ga.da/ /gha.ti/

(bullock cart) (neck)
Voiceless /ka.ta/ / kha.na/

(hair pin) (meal)

Pictures were used in order to facilitate spontaneous elicitation of target words across
subjects while simultaneously limit the possible word choices available. The provision of
near minimal pairs of picturable object nouns and the allophonic variation in Nepali stops
limited the choice of target words to words with initial velar stops with following vowel /a/.
Although Nepali has a four-way voicing contrast in oral stops in bilabial, alveolar, retroflex,
and velar place of articulation, only words with initial velar stops can yield a near minimal
pair with child-friendly pictures. In addition, in bilabial position there is free variation
between /pt/ (bilabial voiceless aspirated stops) and /f/ (labiodental voiceless fricative)
(Pokharel, 1989). Hence, VOT of /pt/ cannot reliably be measured as these are not always

realised as stops.

An approximant was avoided in the onset position of the second syllable of target words to
facilitate segmentation of the vowels’ acoustic cues. This is because in spectrogram analysis,
the formants and the amplitude of vowels show minor changes for the initiation of
approximants (Ladefoged & Maddieson, 1996). This suggests an increased difficulty in the
identification of a vowel boundary preceding an approximant. Hence, in order to facilitate the
extraction of acoustic information of vowels in the spectrogram, approximant consonants

were avoided in the onset position of the second syllable.

Three different pictures for each target word were selected (see Appendix B for the pictures).
In total, eighteen pictures (i.e. six words including two filler words x three pictures each)
were used. The use of different pictures for each word aimed to make it more interesting for

the participants in order to elicit more repetitions.

Pictures were selected based on the ratings of a series of pictures by ten adult Nepali

speakers. Each picture was rated for the representativeness of the target word on a seven-
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point rating scale where a score of one referred to ‘does not represent the target word’ and a
score of seven referred to ‘exactly represents the target word’. In each category of target
word, the three pictures with the highest score were selected. In addition, a questionnaire was
used to collect information of participants such as demographic data, language proficiency,

and language use history (see Appendix C).
3.2.2 Procedure
3.2.2.1 Testing room and Equipment

All mother-infant dyads were recorded in the Macquarie University Child Speech Production
Lab. To help reduce participants’ possible anxiety from being in an unfamiliar place, items
typically found in Nepali living rooms, such as pictures, rugs, and table cloths were used to
alter the recording room ambience. The entire recording was carried out using a head-set
microphone (AKG-C520) worn by the mother. The microphone was connected to a recorder
(Marantz Professional-PMD661 MKII) which recorded an uncompressed WAV file with a
44.1 kHz sampling rate and 16-bit quantization.

3.2.2.2 Familiarization

Initially, mothers were familiarized with the pictures being used. This was done to facilitate
the production of the target word instead of other synonyms, picture descriptions, or
onomatopoeic words. Put differently, the familiarisation aimed to ensure that the same words
were used across speakers. During familiarisation, only the experimenter and the mother were
present in the recording room. For this task, all the pictures were placed in a bag, and were
picked one at time for naming. The mother was asked to name each of the eighteen pictures
presented one at a time (see Appendix D for details of instructions). The order of presentation
of pictures was not controlled. Feedback was then provided regarding the selected name for
each picture. This task was recorded and the mother’s production of target tokens were used

in analysis of adult-directed speech.
3.2.2.3 Infant-directed speech

The familiarisation was followed by elicitation of infant-directed speech, in which mothers
were asked to play with their infants using the target pictures. For this task, the target pictures
were divided into three bags, each contained one picture from each word (i.e. one bag had six
pictures). Bags were used to assist in randomizing the order of presentation of target words.

Mothers were instructed to interact as naturally as they would do at home (see Appendix D
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for details of instructions). Mothers were allowed to use any bag and any picture for the
interaction. They were not informed that their speech will be analysed in order to reduce
mother’s focus on her speech. During this task, only mother and infant were present in the

recording room.
3.2.2.4 Adult directed session

For the third task, the experimenter interacted with mothers to elicit adult directed speech
(see Appendix D for details of instructions). The experimenter interacted with the mother
using topics and questions which would facilitate the production of target words by the

mother (see Appendix E for examples of topics and questions).
3.2.2.5 Language background questionnaire

After the recording sessions, the mother was then asked to complete the language background

questionnaire (see Appendix C for the questionnaire).

On average it took around 45 minutes for the entire recording including all three tasks. For

their participation mothers were given $40 and a balloon animal was presented to the infant.
3.3Analysis

The entire acoustic analysis of the data was carried out in Praat (Boersma & Weenink, 2016).
Initially, the recording was screened for the selection of the target word. This was then
followed by the acoustic annotation of word initial stops and following vowel of each

selected target word.
3.3.1 Data selection and screening

All tokens selected for analysis were disyllabic target words in isolation or sentence initial
position. In Nepali, voiced consonants can have lead voicing. Thus, in situations where a
voiced consonant has a continuous voicing from previous segment, it becomes difficult to
delineate the onset of voicing. As the investigation of lead voicing is a part of the focus of
current study, target tokens which were not in isolation or sentence initial position were
excluded from analysis (1019 tokens excluded for this reason; see Appendix H for details).
This was done to facilitate the segmentation of lead voicing. The exclusion of words in
sentence medial and final position also implied that the sentence position, which could have
effects such as phrase final lengthening, did not impact the lead time and lag time measures.

The other criteria for exclusion from the analysis were: tokens with overlap of vocalizations
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from infant or experimenter (40), targets in isolation or sentence initial position tokens with
continuous voicing from the previous segment (20), tokens not produced with modal voice
(20), tokens produced in sing-song (5), tokens with no observable bursts (10), and tokens that
are case-marked by addition of another suftix (155). All repetitions of tokens produced by
each participant which passed the screening criteria were selected for further analysis (in total

1423 tokens).
3.3.2 Acoustic annotations

As discussed in Section 2.2.1.1.1, similar to Hindi (Davis, 1994), VOT alone fails to capture
the voicing in Nepali voiced stops which shows both prevoicing and aspiration. Hence, in the
present study, voicing cues in stops were measured as the lead and lag time similar to Davis’
(1994) use for Hindi. In addition, the occurrence of devoicing in voiced consonants (voiced
consonants without lead voicing) was noted. The duration of the vowel following the target
stop consonants was measured to control for speaking rate (McMurray et al., 2013). Hence,
for each selected target token devoicing and three duration measures (lead time, lag time,

vowel duration) were measured.

Lead time was measured as the time between the first zero crossing of the pre-voicing period
until the beginning of the burst (see Figure 3A). If there was a break in voicing before the
burst release, lead time was measured as the duration between the first zero crossing of the

pre-voicing period until the last zero crossing of voicing.

Lag time was measured as the duration between the onsets of burst release to the onset of the
second formant of the following vowel (see Figure 3B.). In the case of stops with double
bursts, measurements were taken from the start of the first burst release. Likewise, onset and
offset of the second formant (F2) of the vowel following the target stop was annotated to

measure vowel duration (see Figure 3).

Annotations were made by examining the spectrograms and waveforms simultaneously with
the auditory percept of each segment to increase the accuracy of the measurement.
Furthermore, in the case of difficulty with annotation, such tokens were flagged and later
examined by an expert phonetician. Inter-rater reliability and intra-rater reliability was
assessed by the remeasuring one third of the tokens by the experimenter in the former and
another trained phonetician in the latter. Inter-rater reliability was found to be within 3.5 ms

and the intra-rater reliability was found to be within 4.5 ms.
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Figure 3: Figure ‘A’ is an example of the measurement of lead time, lag time, and vowel
duration in a token of the word /ga.da/. As /ga.da/ starts with a voiced unaspirated stop,
measures for both lead and lag time can be taken. Figure ‘B’ in an example of the
measurement of lag time and vowel duration in a token of the word /kta.na/. As /kha.na/ starts
with a voiceless stop, no measurement for lead time is taken. In both Figures A and B, the x-
axis shows the time (seconds). The upper panel shows the acoustic waveform, with amplitude
on the y-axis. The lower panel shows the spectrogram, with frequency (Hz) on the y-axis.

3.4 Statistical analysis

Prior to running the statistics, the outliers were removed. Any repetition with a value 1.5
times below the interquartile range or above the interquartile range for a given token within a
given stop category within the register was judged to be an outlier and was removed from the

analysis. In total less than 5% of the data was removed from the analysis (see Appendix F for

the details).

The data were analysed using hierarchal linear regression, using the Imer function in the Ime4
package (Bates, Maechler, & Bolker, 2012) in the R (R development Core Team, 2004)
statistical programming environment. Mixed-effects regression models are considered best
suited for these data as they make use of the multiple tokens per speaker rather than
aggregating to a mean. Each dependent measure (i.e. devoicing, lead time, lag time, and
vowel length) was analysed separately to test various hypothesis resulting in following four

analysis.
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3.4.1 Devoicing analysis

First the frequency of occurrence of devoicing (absence of lead time) in voiced tokens
(voiced aspirated and voiced unaspirated) across the register was analysed. This was done to
test the hypothesis that devoicing in IDS will be less than devoicing in ADS. As occurrence
of devoicing is a binominal variable (devoiced: 0 or voiced: 1), it was analysed in a fully
crossed logistic regression linear mixed-effects model. The fixed factors were voiced
consonant categories (voiced unaspirated: -1 & voiced aspirated: 1) and register (ADS: -1 &

IDS: 1). Random effects are addressed in separate section below.
3.4.2 Lead time analysis

Lead time of voiced consonant categories in both registers was analysed to test two
predictions of the hyper-articulation hypothesis. First, it was predicted that the lead time in
IDS will be longer compared to ADS. Secondly, the difference in lead time between the
voiced aspirated and voiced unaspirated was predicted to be larger in IDS compared to ADS.
Voiced tokens produced with devoicing were excluded from this analysis. To test these
predictions, lead time was modelled in a fully crossed linear mixed-effects model. The fixed
factors were voiced consonant categories (voiced aspirated: -1 & voiced unaspirated: 1) and

register (ADS: -1 & IDS: 1). Random effects are addressed in separate section below.
3.4.3 Lag time analysis

Lag time of all four stop consonant categories in both registers was analysed to test two
hypotheses. First, it was predicted that the lag time difference between voiced and voiceless
stops in IDS will be larger compared to ADS. Secondly, the lag time difference between the
aspirated and unaspirated stops was predicted to be larger in IDS compared to ADS. To test
these predictions, lag time was modelled in a fully crossed linear mixed-effects model. The
fixed factors were voicing categories (voiceless: -1 & voiced: 1), aspiration categories
(unaspirated: -1 & aspirated: 1), and register (ADS: -1 & IDS: 1). Random effects are

addressed in separate section below.
3.4.4 Vowel duration analysis

The duration of the vowel following the target stops in the first syllable of the target words in
both registers was analysed to test the hypothesis that the register with the longer lead and lag
time would be spoken at a slower rate as reflected by longer vowel duration. To test this

hypothesis, the log vowel duration was modelled in a fully crossed linear mixed-effects
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model. The fixed factors were voicing categories (voiced: 1 & voiceless:-1), aspiration
(aspirated: 1 & unaspirated:-1), and register (ADS: -1 & IDS: 1). Random effects are

addressed in separate section below.
3.4.5 Testing significance of fixed factors

To test the significance of a fixed factors, the full model was compared to a reduced model
which was created by eliminating from the full model the fixed factor of interest. Difference
in fit was computed and evaluated against a %> (Chi-square) distribution with one degree of
freedom using ANOV A function. The factor of interest was considered significant only if the
p-values associated with removing the fixed effect was lower than the alpha level p=0.05. In
cases, when the reduced model did not converge, the fixed effects were considered significant

only when pmemc values were lower than pmeme = 0.05.
3.4.6 Selection of random factors

Random factors for a model were selected on the basis of model convergence. First, a full
model with random intercept by subject was fitted. If the model converged, then by subject
random slopes for all fixed factors (including interactions) were added. If the new full model
converged, then it was used for the analysis. However, in the case with three fixed predictors
(i.e. voicing, aspiration, and register) the full models with by-subject random intercepts and
all by-subject random slopes did not converge. The selection of random factors for the full
model with three fixed predictors were then based on the trials with variable combination of
random slopes. These trials were carried out in the following order until model convergence

was found.

1. Full model with by-subject random intercept and by-subject random slopes of all the

effects (main effects, two way interactions, and three way interaction).

2. Full model with by-subject random intercept and by-subject random slopes of main effects
(voicing, aspiration, and register) and the two way interaction effects. The three way

interaction was excluded.

3. Full model with by-subject random intercept and by-subject random slopes of main effects
(voicing and aspiration) and the two way interaction effects. The main effect of register, two
way interaction of register with aspiration and voicing, and three way interaction were

excluded.
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4. Full model with random intercept of subject and random slopes of main effects (aspiration
and register) and the two way interaction effects. The main effect of voicing, two way

interaction of voicing with aspiration and register, and three way interaction were excluded.

5. Full model with by-subject random intercept and by-subject random slopes of main effects
(voicing and register) and the two way interaction effects. The main effect of aspiration, two
way interaction of aspiration with voicing and register, and three way interaction were

excluded.

In cases where models converged with two random main effects (models 3, 4, and 5) but not
with three random main effects (models 1 and 2), the model with random factor with random
intercept of subject and random slope of aspiration and register by subject was preferred. The
choice was made based on hypothesis testing; as the study investigates the difference
between the register, the register was used as random slope. Likewise, the random slope of
aspiration was selected instead of voicing, as there was more variability in regards to

aspiration than voicing.
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4. Results

The aim of the current study was to compare Nepali ADS and IDS on the realization of a
four-way stop contrast, which contrasts for both aspiration and voicing. The voicing cues of
word initial stops were measured as lead time in voiced consonants and lag time in both
voiced and voiceless consonants. In addition, the occurrence of devoicing (complete absence
of lead time) in voiced consonants was recorded as a binary variable. Duration of the vowel
following word initial stops in the target words was measured to assess speaking rate. These

measures were used to test two hypotheses.

1. The hyper-articulation hypothesis: which predicts that IDS would be hyper-articulated
compared to ADS. If lead time is hyper-articulated in IDS, we should observe less devoicing
of voiced stops in IDS than in ADS. Additionally, an overall, longer lead time in voiced
categories, a larger lead-time difference between voiced aspirated and unaspirated stops. If
lag time is hyper-articulated in IDS, we should observe larger lag time difference between

voiced and voiceless stops, as well as between aspirated and unaspirated stops.

2. The speaking rate hypothesis: IDS will have a lower speaking rate, which explains that this

register has a longer lead time, and a longer lag time.

The first subsection 4.1 presents the descriptive results. The second section presents the
results from the inferential statistical models that are aimed at testing the predictions from the
two hypotheses. The final section presents the results from an exploratory analysis that

compares the consonant-to-syllable ratio between IDS and ADS.

4.1 Descriptive results

In both the registers, devoicing of voiced consonants was observed (Table 3). Devoicing was
more frequent in voiced aspirated than voiced unaspirated stops, and more frequent in IDS
than ADS.

Table 3: Count and percentage of devoiced voiced unaspirated and devoiced voiced aspirated
tokens in ADS and IDS.

ADS IDS

Count | Percentage | Count | Percentage

Devoiced | Unaspirated 3 2.61 15 8.77

Aspirated 39 37.14 68 47.55

Overall 42 19.88 73 28.16
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In Figure 4, the lead time distributions of voiced unaspirated and voiced aspirated stops show
strong overlap in both ADS and IDS. Although the peaks of the distribution are not far apart

in ADS, the lead time of voiced aspirated stops is on average 21ms shorter than the lead time
of voiced unaspirated stops (Table 4). In IDS, the distributions of voiced aspirated and voiced

unaspirated stops show considerable overlap with a mean difference of only 3ms.
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Figure 4: Distribution of lead time and lag time across voicing categories between registers.
The x-axis shows two time scales in milliseconds. The centre line at 0 ms in horizontal scale
refers to point of burst release. The time prior to Oms on the negative scale (0 to -240ms)
shows the measure of lead time; the time after ms on the positive scale (0 to 130ms) shows
the measure of lag time. The y-axis shows the density of the number of observations. The
upper panel shows ADS and the lower panel shows IDS. As there are only two categories
with lead time, there are only two distribution on the lead time scale, whereas all four stops
had lag time and are represented with a distribution on the lag time scale.

The lag time distributions of all four stop consonant categories in both ADS and IDS show
two general peaks: for the voiceless aspirated stops and for the other three categories
combined. The lag time distribution of the voiceless aspirated stops has a mean value of
100.3ms in ADS and a mean of 77.58ms in IDS (Table 5). The distribution of voiced
unaspirated, voiced aspirated, and voiceless unaspirated showed considerable overlap in both
ADS and IDS. The mean lag times of these three consonants fell within a close range of 23-

32ms in ADS and 16-23ms in IDS.
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Overall, the distributions of lead time and lag time across the four stop categories are similar

in IDS and ADS, although both lead times and lag times are lower in IDS compared to ADS.

In terms of vowel duration, the average vowel duration in IDS was 39ms longer than vowel

duration in ADS (Table 6).

Table 4: Mean lead time (ms) and SD of voiced stops in ADS and IDS.

ADS IDS
Mean SD Mean SD
Voiced Unaspirated -104.75 50.97 -79.04 48.52
Aspirated -82.43 40.92 -76.41 56.01
Table 5: Mean lag time (ms) and SD of stops in ADS and IDS.
ADS

Mean SD Mean SD

Voiced Unaspirated 23.19 8.11 16.27 5.06
Aspirated 27.04 11.78 18.19 7.98

Voiceless Unaspirated 32.24 8.54 23.56 8.47
Aspirated 100.03 20.33 77.58 22.70

Table 6: Mean vowel duration (ms) and SD of vowel following stops in target words in ADS

and IDS.
ADS
Mean SD Mean SD
Voiced Unaspirated 177.60 38.16 221.09 117.97
Aspirated 130.96 22.24 169.47 75.02
Voiceless Unaspirated 117.75 27.33 155.53 109.98
Aspirated 88.01 28.51 127.56 102.45

4.2 Statistical results

This section presents the results from the statistical models that tested how the dependent

variables (occurrence of devoicing, lead time, lag time, and vowel duration) differed between
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the stop categories (voicing and aspiration) and registers (IDS and ADS). The first section
(section 4.2.1) presents the results from the analysis of devoicing, lead time, and lag time
across the stop categories and the registers. The second section presents the analysis of vowel
duration. The final section presents the results from the exploratory analysis investigating the

consonant-to-syllable ratio between IDS and ADS.

4.2.1 Register difference in devoicing, lead time, lag time, and vowel duration

4.2.1.1 Devoicing of voiced stops between registers

The hyper-articulation hypothesis predicts that voiced consonants are realized with fewer
instances of devoicing in IDS compared to ADS and would be confirmed by a significant

main effect of register.

A logistic regression model was run with the dependent variable devoicing (devoiced: 0 &
voiced: 1), and the fixed factors aspiration (voiced unaspirated: -1 & voiced aspirated: 1) and
register (ADS: -1 & IDS: 1). The model contained a by-subject random intercept and a by-

subject random slope of register.

The results (Table 7) showed a significant main effect of aspiration (B=-2.50; SE= 0.38;
p<0.001): the likelihood of devoicing was larger in voiced aspirated than in voiced
unaspirated stops. There was also a significant main effect of register (= -0.98; SE=0.43;
Pmemc=0.02): the likelihood of devoicing in IDS was higher than in ADS. Finally, the
interaction between aspiration and register was also significant (= 0.81; SE= 0.38;
Ppmemc=0.03). Further post hoc analyses was carried out by testing the effect of register in the
‘aspirated’ and ‘unaspirated’ subsets, and then testing the effect of aspiration is the ‘ADS’

and ‘IDS’ subsets (see Appendix G for details on the post hoc analysis).

Within both ‘aspirated’ and ‘unaspirated’ subsets, neither test showed a significant difference
of register between the rate of devoicing. On the other hand, within both ‘ADS’ and ‘IDS’
subsets, a significant effect of aspiration was observed (IDS: f=-1.37; SE=0.31; p<0.001.
ADS: p=-2.98; SE= 1.44; p= 0.4). This indicates that in both registers, the likelihood of
devoicing was higher in voiced aspirated than voiced unaspirated stops (cf. Figure 5). The
post-hoc tests thus fail to identify the source of the Register X aspiration interaction.
Numerically, it appears as if the interaction may be due to a particularly high rate of

devoicing of voiced aspirated stops in IDS, but we cannot draw final conclusions.
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Table 7: Results from logistic regression model examining devoicing between the two voiced
stop categories and between registers.

Devoicing~ Aspiration*Register+(1+Register|Subject)

B SE z Pmeme x2 df p
Intercept 2.50 0.65 3.81 <0.001™"
Aspiration -2.24 0.38 -5.83 <0.001™" 134.48 | 1 <0.001"""
Register -0.98 0.43 229 0.02" 15.04 | Model failed to converge
Register x 0.81 0.38 2.17 0.03" Model failed to converge
Aspiration

100%

Percentage of voiced tokens with lead time

savy

sal

Unaspirated

Aspirated

Figure 5: Percentage of voiced aspirated and voiced unaspirated stop tokens with lead time in
ADS and IDS.

At the level of devoicing in individual participants, we observed that the 9 out of 16

participants showed at least one instance of devoicing in both the voiced aspirated and the

voiced unaspirated stops. Across the entire sample of 16 participants, we observed a positive

correlation between the devoicing rate for voiced aspirated and voiced unaspirated stops

(r*=0.72; p=0.002) (Figure 6).
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Overall, the finding that voiced consonants are realized with more instances of devoicing in

IDS compared to ADS contradicts the hyper-articulation hypothesis.

[}

G 40% corr=0.72

™

[=]

8

°

2

©

=

230%

©

c

=

°

[

k=]

[=]

>20%

k-

[

o°

[=]

-

@

k-]

S 10%

-]

[=]

©

&

c

[

=

[

 0%7 -
0% 25% 50% 75% 100%

percentage of devoiced voiced aspirated tokens

Figure 6: Scatterplot showing relation between the devoicing in voiced aspirated with
devoicing in voiced unaspirated across entire sample of 16 participants. The x-axis shows the
percentage of devoiced voiced aspirated tokens. The y-axis shows the percentage of devoiced
voiced unaspirated tokens. The corr shows the result of Pearson correlation coefficient which
is equal to 0.72.

4.2.1.2 Lead time of voiced stops between registers

The hyper-articulation and the speaking rate hypotheses both predict that voiced stops are
produced with longer lead time in IDS compared to ADS. The hyper-articulation hypothesis
additionally predicts a larger lead time difference between voiced unaspirated and voiced
aspirated stops in IDS compared to ADS. The corresponding predictions are a significant

main effect of register, and a significant interaction of register with aspiration.

A linear mixed effect model was run with the dependent variable lead time and the fixed
factors aspiration (voiced unaspirated: -1 & voiced aspirated: 1) and register (ADS: -1 & IDS:
1). The model contained a by-subject random intercept and by-subject random slopes of

aspiration, register, and the interaction between aspiration and register.

The results (Table 8) showed a significant main effect of aspiration ( = 9.50, SE=2.61,
p=0.004), where lead time in voiced unaspirated stops (Mean= -89.83ms; SD= 51.07ms) was
longer than in voiced aspirated stops (Mean= -79.16ms; SD = 46.84ms). There was no
significant main effect of register, nor a significant interaction between aspiration and

register, which is also observed in Figure 7.
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Overall, the hyper-articulation hypothesis and the speaking rate hypothesis are not supported

by the present results, as these do not show a lead time difference between IDS and ADS

predicted by both hypotheses, nor a larger difference between voiced unaspirated and voiced

aspirated stops in IDS compared to ADS predicted by the hyper-articulation hypothesis.

Table 8: Results from the linear mixed effects model examining lead time between two stop

categories and between registers.

LeadTime~Aspiration*Register+(1+Aspiration*Register|Subject)

B SE t Prmeme e df [ p

Intercept -80.99 10.21 -8.00 <0.001™"
Aspiration 9.50 2.61 3.65 0.004™ 8.98 1 [0.003"
Register 5.23 3.75 1.39 0.19 1.82 11 |0.18
Aspiration x 33.10 1.99 156 |0.15 2241 ]0.13
Register

o

™ |
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Figure 7: Boxplots showing lead time (ms) in y-axis of each voiced consonants: unaspirated
and aspirated in x-axis for ADS (upper panel) and IDS (lower panel).

4.2.1.3 Lag time of all four stop categories

The hyper-articulation hypothesis predicts a larger lag time difference between the voiced
and voiceless categories, as well as between the aspirated and unaspirated categories. The
corresponding predictions are a significant main effect of register, a significant interaction of

voicing and register, and a significant interaction of aspiration and register. The speaking rate
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hypothesis predicts all four stop categories are produced with a longer lag time in IDS

compared to ADS and would be confirmed by a significant main effect of register.

A linear mixed effect model was run with the dependent variable lag time and fixed factors

aspiration (unaspirated: -1 & aspirated: 1), voicing (voiceless: -1 & voiced: 1), and register

(ADS: -1 & IDS: 1). The model contained a by-subject random intercept and by-subject

random slopes of aspiration, register, and the interaction between aspiration and register.

The results (Table 9) showed a significant main effect of aspiration (f = 16.31, SE=1.02,

p<0.001): aspirated stops (Mean=61.21ms; SD= 36.34ms) had longer lag time than

unaspirated stops (Mean = 23.26ms; SD= 9.27ms). There was a significant main effect of

voicing (= -18.22, SE= 0.36, pnemc<0.001): voiceless stops (Mean= 55.86ms; SD=34.45ms)

had longer lag time than voiced stops (Mean= 20.39ms; SD=9.13ms). There was a

significant main effect of register (p = -5.28, SE=0.63, p<0.001): lag time in ADS (Mean=
47.01ms; SD= 34.86ms) was longer than in IDS (Mean= 39.26ms; SD= 30.79ms). All 2-way

and 3-way interactions were significant as well.

Table 9: Results from the linear mixed effects model examining lag time between all four
stop categories and between registers.

LagTime~ Aspiration*Voicing*Register+(1+ Aspiration*Register|Subject)

2

B SE t Pmeme X df p
Intercept 40.18 | 1.35 29.82 <0.001™"
Aspiration 16.31 | 1.02 15.88 <0.001™" 46.26 1 <0.001™"
Voicing -18.22 1 0.36 -50.00 <0.001™" Model did not converge
Register -5.28 | 0.63 -8.42 <0.001™" 27.63 1 <0.001™"
Aspirationx | -14.14 | 0.36 -38.85 <0.001™" 1014.7 |1 <0.001™"
Voicing
Aspirationx | -1.70 | 0.43 -3.91 <0.001™" 11.00 1 <0.001™"
Register
Voicing x 2.27 0.36 6.23 <0.001™" 38.44 1 <0.001™"
Register
Aspiration x 1.80 0.36 4.94 <0.001™" 24.18 1 <0.001™"
Voicing x
Register
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To identify the source of the 3-way interaction, altogether twelve post-hoc analyses were
conducted, four each evaluating the effect of aspiration, voicing, and register. First results
from post-hoc analyses investigating the effect of aspiration are presented, followed by
results from post-hoc analyses investigating the effect of voicing and register (see Appendix

G for details of post hoc).

Four post-hoc analyses were conducted that evaluated the effect of voicing in the four subsets
of unaspirated stops in ADS, aspirated stops in ADS, unaspirated stops in IDS, and aspirated
stops in ADS.

Within all four subsets ‘ADS unaspirated’, ‘ADS aspirated’, ‘IDS unaspirated’, and ‘IDS

aspirated’ subsets, a significant effect of voicing was observed (‘ADS unaspirated’: B=-4.82;
SE=0.71; p<0.001. ‘ADS aspirated’: p=-36.041; SE=2.14; p<0.001. ‘IDS unaspirated’: p= -
3.91.62; SE=0.59; p<0.001. ‘IDS aspirated’: = -29.79; SE= 1.61; p<0.001): voicing led to a

shorter lag time in both unaspirated and aspirated stops.

Four post-hoc analyses were conducted that evaluated the effect of register in the four subsets
of unaspirated stops in voiced stop categories, aspirated stops in voiced stop categories,

unaspirated stops in voiceless stop categories, and aspirated stops voiceless stop categories.

Within all four subsets ‘voiced unaspirated’, ‘voiced aspirated’, ‘voiceless unaspirated’, and
‘voiceless aspirated’ subsets, a significant effect of register was observed (‘voiced
unaspirated’: = -2.96; SE= 0.70; p=0.001. “voiced aspirated’: = -4.50; SE=0.78; p<0.001.
‘voiceless unaspirated’: f=-4.00; SE=0.71; p<0.001. ‘voiceless aspirated’: p=-11.14; SE=
1.09; p<0.001): IDS led to a shorter lag time in both unaspirated and aspirated stops.

Four post-hoc analyses were conducted that evaluated the effect of aspiration in the four
subsets of voiced stops in ADS, voiceless stops in ADS, voiced stops in IDS, and voiceless

stops in ADS.

Within both the ‘ADS voiced’ and ‘ADS voiceless’ subsets, a significant effect of aspiration
was observed (‘ADS voiced’: f=2.30; SE= 0.95; p=0.03. ‘ADS voiceless’: f=33.512;
SE=1.831; p<0.001): aspiration led to a longer lag time in both voiced and voiceless stops.
Within the ‘IDS voiced’ and ‘IDS voiceless’ subset, a significant effect of aspiration was
observed only for the ‘IDS voiceless’, and not for 'IDS voiced' (IDS voiced: = 1.28; SE=
0.58; p=0.05. IDS voiceless: f=27.35; SE=1.59; p<0.001). The 3-way interaction between

Aspiration x Voicing x Register can thus be ascribed to the fact that aspiration may not have
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an effect on lag time in the voiced stops of IDS, whereas it has an effect in voiceless stops of

IDS as well as across both voiced and voiceless stops in ADS (cf. Figure 8).

150+

sav

1
:

Aspiration
Ed Unaspirated
=] Aspirated

Lag Time (ms)
S o

-
o
o

Il

50

Voiced Voiceless

Figure 8: Boxplots showing lag time (ms) along the y-axis of all four stop categories. The x-
axis shows the voicing categories (voiced & voiceless). The grey scale shows the aspiration
categories (white=unaspirated & grey=aspirated). The upper panel shows the ADS and the
lower panel shows IDS.

Overall, the hyper-articulation hypothesis and the speaking rate hypothesis are not supported
by the present results. The data do not show a larger lag time difference between the voiced
and voiceless categories, between aspirated and unaspirated categories, nor do they show

longer lag time in IDS compared to ADS.

4.2.1.4 Vowel duration between registers

The speaking rate hypothesis predicts longer lead and lag times in IDS as a result of the
slower rate of speech in this register (McMurray et al., 2013). Even though the previous
analyses did not reveal the predicted lead time differences between IDS and ADS and

actually revealed unpredicted shorter lag time in IDS, it was decided to still analyse the
speaking rate measure to fully evaluate the speaking rate hypothesis. The main assumption of
the speaking rate hypothesis is that speaking rate is lower in IDS than in ADS. In the current
study, vowel duration was measured as proxy for speaking rate. The assumption that

speaking rate is lower in IDS than in ADS, would be supported by a significant main effect of

register on vowel duration.

A linear mixed effect model was run with the dependent variable log vowel duration and
fixed factors voicing (voiceless: -1 & voiced: 1), aspiration (unaspirated: -1 & aspirated: 1),

and register (ADS: -1 & IDS: 1). The model contained a by-subject random intercept and by-
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subject random slopes of aspiration, voicing, and the interaction between aspiration and

voicing.

The results (Table 10) showed a significant main effect of aspiration ( = -0.14, SE=0.03,
2<0.001): log vowel duration was longer in unaspirated (Mean= 5.01ms; SD= 0.46ms) than
in aspirated stops (Mean= 4.72ms; SD=0.51ms). There was a significant main effect of
voicing (B = 0.22, SE=0.01, p<0.001): log vowel duration was shorter in voiceless (Mean=
4.71ms; SD= 0.51ms) than voiced stops (Mean= 5.11ms; SD= 0.38ms). There was also a
significant main effect of register (B = 0.1, SE= 0.03, p<0.01): log vowel duration was shorter
in ADS (Mean= 4.78ms; SD= 0.36ms) than in IDS (Mean= 4.91ms; SD= 0.56ms). There

were no significant 2-way or 3-way interactions.

These results support the assumption of slower speaking rate in IDS, as vowel duration is
longer in IDS than ADS. However, the key prediction of the speaking rate hypothesis, which
predicted longer lead and lag time in IDS as a result of the slower speaking rate is not
supported by the results, as these are shorter in IDS than in ADS.

Table 10: Results from the linear mixed effects model examining log vowel duration between
all four stop categories and between registers.

LogVowelLength~ Aspiration*Voicing*Register+(1+ Aspiration*Register|Subject)
B SE t Pmeme Xz df p

Intercept 4.90 0.04 133.90 <0.001""
Aspiration -0.14 | 0.02 -5.73 <0.001"" 18.651 |1 <0.0017*"
Voicing 0.22 0.01 19.68 <0.001"" 337.33 |1 <0.0017""
Register 0.10 0.03 3.07 0.008" 7.86 1 <0.0017""
Aspirationx | 0.01 0.01 0.96 0.34 0.92 1 0.34
Voicing
Aspirationx | 0.01 0.02 0.52 0.61 0.29 1 0.59
Register
Voicing x 0.00 0.01 0.29 0.77 0.01 1 0.77
Register
Aspiration x | 0.00 0.01 0.45 0.64 0.21 1 0.64
Voicing x
Register
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4.2.1.5 Summary of confirmatory results

In summary, the two voiced stops showed a higher rate of devoicing in IDS than in ADS, but
there was no difference in lead time between IDS and ADS. Lag time was overall shorter for
all four stop categories in IDS than in ADS. In addition, the lag time difference between
voiced and voiceless stops, as well as between aspirated and unaspirated stops was smaller in
IDS compared to ADS. These findings do not support and in some instances contradict the
hyper-articulation hypothesis, which predicted that IDS would be hyper-articulated compared
to ADS by having a lower rate of devoicing, an overall longer lead time in voiced categories,
a larger lead-time difference between voiced aspirated and unaspirated stops, and larger lag
time differences between voiced and voiceless stops, as well as between aspirated and

unaspirated stops.

According to the speaking rate hypothesis, longer lead times, longer lag times, and a larger
lag time difference between aspirated and unaspirated stops, in IDS may be an automatic side
effect of the generally lower speaking rate in this register. Vowel duration, which was
measured as a proxy for speaking rate, was longer in IDS, suggesting that IDS had the
expected lower speaking rate. Despite this low speaking rate in IDS, this register did not have
the predicted longer lead time than ADS, and even had an opposite-to-predicted shorter lag
time, and smaller lead-time difference between voiced aspirated and unaspirated stops. Both

current hypotheses of segmental adaptations in IDS thus fail to explain the current data.
4.2.2 Consonant-to-syllable duration ratio

As discussed above, IDS is characterized by shorter lag times and longer vowel durations
than ADS. This raises the possibility of a different trading relationship between consonant
and vowel duration in IDS compared to ADS. The present section therefore explores whether
IDS and ADS differ in regards to the proportion of time in a syllable that caregivers dedicated
to the consonant rather than the vowel. Given the observed shorter lag times and longer
vowel durations in IDS, it could be expected that within a syllable, proportion of time

allocated to consonants would be smaller in IDS.

To test this possibility, the ratio of consonant duration to the total syllable duration was
measured. This ratio indicated the proportion of consonant duration within a syllable. The
computation of consonant duration for voiced and voiceless stops was necessarily different,
as our analysis was based on tokens only in isolation and sentence initial position. In isolation

and sentence initial position, except for voiced tokens with lead time, the closure duration of
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stops could not be captured for the devoiced voiced stops and the voiceless stops. Therefore,
the data were separated into two subsets based on voicing (voiced and voiceless). In addition

the analysis of voiced stops excluded any devoiced tokens.

4.2.2.1 Voiced-stops-to-syllable ratio between registers
The analysis of voiced consonants excluded any devoiced consonants because the absence of
prevoicing made it impossible to capture the closure duration of the stop. The computation

was as follows:

Voiced-stop-to-syllable ratio= voiced consonant duration / syllable duration
Voiced consonant duration = lead time + lag time

Syllable duration = lead time+ lag time+ vowel duration

The consonant duration of all voiced stops with lead time was measured from the onset of
voicing until the onset of F2 (lead time + lag time). The syllable duration was measured from
the onset of voicing until the end of F2 (lead time+ lag time+ vowel duration). This is
proportional measure, which thus corrects for speaking rate differences between the register.

Inspection of Figure 10 suggests a lower consonant ratio in IDS than ADS.

A linear mixed effects model was run with the dependent variable voiced-stop-to-syllable
ratio and fixed factors aspiration (unaspirated: -1 & aspirated: 1) and register (ADS: -1 &
IDS: 1). The model contained a by-subject random intercept and by-subject random slopes of

aspiration, register, and the interaction between aspiration and register.

The results (Table 11) showed a significant main effect of register (f=-0.06; SE= 0.01;
p<0.001): the proportion of time within a syllable allocated to the consonant is smaller in IDS
(Mean= 0.28, SD=0.10) compared to ADS (Mean= 0.34, SD=0.8). There was no significant
effect of aspiration and no significant interaction between aspiration and register (cf. Figure

9).

These findings reveal that speakers in IDS allocate relatively less time within a syllable to the
voiced consonant, and conversely, allocate relatively more time to the vowel. This finding
suggests that there is a trading relationship between the duration of the consonant and the

duration of the vowel within the syllable, and that these vary as a function of register.
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Figure 9: Boxplots showing voiced-stop-to-syllable duration ratio in y-axis. The x-axis
shows the stop categories (voiced unaspirated & voiced aspirated). The colour shows the
register (white- ADS & grey-IDS).

Table 11: Results from the linear mixed effects model examining voiced-stop-to-syllable
ratio between two stop categories and between registers.

Voiced-stop-to-syllable ratio~ Aspiration*Register + (1+Aspiration*Register|Subject)

B SE t Prmeme ¥ df P
Intercept 0.33 0.12 29.94 <0.001™""
Aspiration <0.001 |0.001 0.40 0.70 0.11 1 0.73
Register -0.06 | 0.01 -6.96 <0.001™" [ 23.04 |1 <0.001"""
Aspiration x | -0.001 | <0.001 |-1.23 0.23 1.17 1 0.28
Register

We further wanted to explore whether within the duration of a voiced consonant, speakers
allocated time differently to the lead and lag time, and whether this allocation was different
between the registers. This question relates to the hyper-articulation hypothesis as lead time is
cue to voicing, relatively longer lead time within the consonant duration in IDS would show

that parents use the restricted consonant time economically for the more distinctive cue.
To explore this, we first computed the lead-to-consonant ratio:

Lead-time-to-voiced-consonant duration ratio= lead time / voiced-consonant duration
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A linear mixed effect model was run with the dependent variable lead-time-to-voiced-
consonant ratio and fixed factors aspiration (unaspirated: -1 & aspirated: 1) and register
(ADS: -1 & IDS: 1). The model contained a by-subject random intercept and by-subject
random slopes of aspiration, register, and the interaction between aspiration and register. The
results (Table 12) showed a significant main effect of aspiration (= 0.02; SE= 0.01; p =
0.01): the lead-to-consonant ratio was larger for unaspirated stops (Mean= -0.74, SD=0.13)
than aspirated stops (Mean= 0.71, SD=0.14). There was no significant difference between the

registers nor an interaction between aspiration and register.

These results show that lead time was longer than lag time in both voiced aspirated and
voiced unaspirated stops, but the trade-off differed between the categories, resulting in a
longer lead-to-consonant ratio in voiced unaspirated stops. However, this trade-off is
consistent between the registers, which does not support the hyper-articulation hypothesis. If
there was a hyper-articulation, we would have seen that the mothers when talking to infant
show the contrasts in voiced consonants with higher proportionate duration of lead time
within a consonant duration.

Table 12: Results from the linear mixed effects model examining lead time ratio between two
stop categories and between registers.

Lead-time-to-voiced-consonant ratio~ Aspiration*Register +
(1+Aspiration*Register|Subject)

B SE t Prmeme xz df p
Intercept -0.72 0.02 -41.64 <0.001""
Aspiration 0.02 0.01 2.81 0.02" 6.28 1 0.01°
Register -0.01 0.02 -0.81 0.44 0.68 1 0.41
Register x -0.01 0.01 -0.83 0.43 0.72 1 0.40
Aspiration

4.2.2.2 Voiceless-stop-to-syllable ratio between registers
For the analysis of voiceless consonants, consonant to syllable duration ratio was computed

as follow:

Voiceless-stop-to-syllable ratio = voiceless consonant duration/ syllable duration
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Voiceless consonant duration = lag time
Syllable duration= lag time + vowel duration

The consonant duration of voiceless stops was measured from the onset of burst release until
the onset of F2 (lag time), syllable duration was measured from the onset of burst release

until the end of F2 (lag time+ vowel duration).

A linear mixed effect model was run with voiceless-stop-to-syllable ratio as the dependent
variable. Fixed factors were aspiration (unaspirated: -1 & aspirated: 1) and register (ADS: -1
& IDS: 1). The model contained a by-subject random intercept and also by-subject random

slopes of aspiration, register, and the aspiration and register interaction.

The result (Table 13) showed a significant main effect of aspiration (= 0.15; SE= 0.01;
p<0.001): voiceless-stop-to-syllable ratio was smaller in voiceless unaspirated stops (Mean=
0.37, SD=0.93) compared to voiceless aspirated stops (Mean= 0.41, SD=0.91). There was a
significant main effect of register (= -0.04; SE= 0.01; p<0.001): voiceless-stop-to-syllable
ratio was smaller in IDS (Mean= 0.29, SD=0.17) compared to ADS (Mean= 0.38, SD=0.18).
There was a significant interaction between aspiration and register (f= -0.01, SE=-2.28,
p<0.001).

Table 13: Results from the linear mixed effects model examining voiceless-stop-to-syllable-
ratio between all four stop categories and between registers.

Voiceless-stop-to-syllable ratio~ Aspiration*Register + (1+Aspiration*Register|Subject)

B SE t p
Intercept 0.33 0.01 35.43 <0.001""
Aspiration 0.15 |0.01 24.69 <0.001™"  [59.44 |1 <0.0017""
Register -0.04 | 0.01 -6.66 <0.001™"  [22.12 |1 <0.001™
Aspirationx | -0.01 | 0.00 -2.28 0.03" 456 |1 0.03"
Register

Inspection of Figure 10, suggests the effect of register was larger for aspirated stops than
unaspirated stops. Further, post hoc analysis was done by separating the data first into an
‘aspirated’ and an ‘unaspirated’ subset to analyse the effect of register, and then separate the

data into an ‘ADS’ and ‘IDS’ subset to analyse the effect of aspiration (for details on post
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hoc, see Appendix G). Within both the ‘aspirated’ and the ‘unaspirated’ subset, there was a
significant effect of register: The voiceless-stop-to-syllable ratio was smaller in IDS
compared to ADS for both voiceless aspirated stops (B=-0.06; SE=0.01; p<0.001) and
voiceless unaspirated stops (= -0.03; SE=0.00; p<0.001) (cf. Figure 10).
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EJADS
EJIDs

Voiceless-stop-to-syllabe ratio
o o
o o
O.I o

—

0.001
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Voiceless consonant

Figure 10: Boxplots showing voiceless-stop-to-syllable ratio in y-axis of voiceless stop
categories. The x-axis shows the stop categories (voiceless unaspirated & voiceless
aspirated). The colour shows the register (white- ADS & grey-IDS).

4.2.2.3 Summary of exploratory results

In summary, both voiced and voiceless stops had a smaller consonant-to-syllable ratio in IDS
compared to ADS. This result indicate that there is a trading relationship between the
duration of the consonant and vowel with the syllable. The longer vowel duration in IDS may
be responsible for the shorter stop durations in IDS than in ADS. The full implications of this

finding will be addressed in the discussion.
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5. Discussion

This study investigated the difference between the ADS and IDS in the realization of the
four-way voicing contrast in Nepali oral stops. These voicing cues, which contrast in both
voicing and aspiration, were measured using lead time and lag time. The aim of the study was
to test two hypotheses. The first hypothesis predicted there would be hyper-articulation of
devoicing, lead time and lag time in IDS compared to ADS. The second hypothesis predicted

that these effects might be a side-effect of speaking rate differences between the two register.

In this discussion, the results from devoicing, lead time, and lag time differences of stop
categories between the register will be discussed, addressing the hyper-articulation
hypothesis. The second section discusses the findings from vowel duration analysis
addressing the speaking rate hypothesis. This is then followed by a discussion of results from
the further analysis of consonant/vowel duration ratios. Finally, the last section of the
discussion presents the limitations of current study and possible directions for further

research.
5.1 Register difference in devoicing, lead time, lag time, and vowel duration

Recall that the hyper-articulation hypothesis predicted that consonant durations might be
longer for IDS than for ADS. Except for lead time, all other variables showed a clear effect
of register. However, devoicing was higher in IDS compared to ADS, and IDS had shorter
lag times for all the stop consonant categories compared to ADS. As might be expected from
other studies, the vowel duration in IDS was longer than in ADS. These results are discussed

below in detail.
5.1.1 Devoicing between the registers

In the current study, devoicing of voiced consonants was observed to be higher in IDS than in
ADS, making them more similar to the voiceless consonants. According to hyper-articulation
hypothesis, the voicing contrasts in IDS should be larger than in ADS. This implies that the
devoicing in IDS should be lower than the devoicing in ADS. However, results from the
current study showed that devoicing of voiced consonants was higher in IDS than ADS. This

raises many question for how the learner might distinguish voiced from voiceless categories.

The increased devoicing in IDS, suggests that the variability in voicing of voiced consonants
in IDS is higher compared to ADS. In addition, although small, it was also observed that

mothers who devoice more in one consonant also devoice more in the other, meaning that
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these speakers do not contrast voiced consonants via lead voicing consistently. This may
present challenges for the infant, who when exposed to other speaker, such as the father or
aunty, may confuse the number of consonant categories present in the language. This
suggests that this type of IDS, with its increased variability, may not be advantageous for the
infant trying to learn voicing contrasts in stop consonant categories, especially in this

complex type of four-way voicing system.
5.1.2 Lead time between registers

The results of the lead time analysis between registers, showed no significant difference in
the lead time between the registers. This can be taken as negative evidence for the hyper-
articulation hypothesis which predicted longer lead time, and a larger difference of lead time

between the voiced aspirated and voiced unaspirated.
5.1.3 Lag time between registers

Lag time showed a clear effect of IDS. IDS led to shorter lag time in IDS compared to ADS
for all stop consonant categories. Lag time was shorter for both voiced and voiceless as well
as aspirated and unaspirated stops in IDS compared to ADS. Furthermore, the effect of

register difference was larger for voiceless than voiced stops, and larger in aspirated than in

unaspirated stops.

These results again go counter to the hypothesis proposing hyper-articulation of voicing
contrasts in IDS. The hyper-articulation hypothesis predicted a larger lag time difference
between the voicing categories in IDS compared to ADS. However, the shorter lag time in
IDS resulted in lower contrasts of voicing categories in IDS compared to ADS. These lower
contrasts in IDS suggest that the separation between the voicing categories is larger in ADS

than in IDS. These smaller contrasts in IDS may again have an implication for the learner.

The smaller separation of stop categories in IDS compared to ADS suggests an increased
chance of overlap between the categories. High variation in the production of stop categories,
may lead to significant overlap. Although the density plot in Figure 4 does suggest overlap
between the categories in both registers, it does not measure the variance in the production of

register. It will be valuable to have this information, which is suggested for future research.
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5.1.4 Vowel duration between registers

In the current study, vowel duration was measured as a control for speaking rate differences
between the two registers. The speaking rate hypothesis states that the register with a lower
speaking rate will have longer lead time and lag time. So, perhaps the reduction in lag time in
IDS is the result of faster speaking rate in IDS. However, our analysis of vowel duration
indicated lower speech rate in IDS, as IDS had longer vowel duration than ADS. This is
contrary to speaking rate hypothesis. Thus, despite the fact that the mothers exhibited lower
speaking rate to their infants, lag time are shorter compared to the mothers faster speech to

the adult.

Overall, the results showed that neither the hyper-articulation nor the speaking rate
hypothesis can account for the current observations. The lag time was shorter and vowel
duration was longer in IDS. On the other hand, lag time was longer and vowel duration was

shorter in ADS.

These findings raise an interesting question as to why consonant duration is shorter and
vowel duration longer in IDS? To investigate the possibility that proportionate duration of
consonants within a syllable is shorter in IDS compared to ADS, we measured the ratio of
consonant to syllable duration. Due to the difference in computation of consonant to syllable
duration for voiced and voiceless stop categories, separate analyses were carried out on each
subset of the data. In the following section, findings from voiced categories are discussed

first, then the findings from voiceless categories.
5.2 Voiced-stop-to-syllable ratio between registers

Within a syllable, the proportional duration of the consonant was shorter in IDS compared to
ADS. This indicated that, within the syllable, vowel duration was enhanced more than
consonant duration in IDS compared to ADS. The results indicate that, within a syllable,

mothers allocated less time to consonants than vowels in IDS.

This raised another interesting issue; within consonant duration, do mothers allocate more
time in lead voicing than lag voicing? Given that lead voicing is an important cue to stop
contrasts, if mothers are hyper-articulating, we expected to observe a longer proportion of
lead time in IDS. The results showed no difference in the proportion of duration of lead
voicing within the consonant duration of voiced stops. However, between the voiced

consonants, realization of voiced unaspirated consonants had larger proportion of lead time
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than the voiced aspirated. This suggests that, with a voiced consonant, either a focus is on

lead voicing or on lag voicing.

There seems to be a trade-off between lead and lag voicing. This trading relationship suggest
the variability in the realization within the voiced stops. This then raises a question about the
learning of the voicing contrasts between voiced and voiceless. For a learner, the two voiced

categories may seem inherently different as they have different realization.
5.3 Voiceless-stop-to-syllable ratio between registers

Similar to voiced categories, within the syllable, the proportional duration of the consonant
was shorter in IDS compared to ADS. This indicates that, even for voiceless categories,
vowel duration was enhanced at the cost of consonant in IDS. This indicates that, within the

syllable, mothers allocated less time to consonants than to vowels.

Overall our results suggest that mothers focus more on the vowel while talking to infants.
This appears to have the effect of shortening the onset consonants. Vocalic features of IDS
are reported to be exaggerated to convey affect and direct attention (Fernald & Simon, 1984).
This suggest that Nepali mothers may do the same, focusing more on the communication of

affect or in directing their infant’s attention.

To our knowledge, this is the first time that the voicing contrast in IDS is being looked at this
way. This then has major theoretical implications for better understanding the nature of IDS
and its implication for the learning of consonant contrasts, and for language learning more

generally.
5.4 Alternative interpretations of the data

An alternative possibility is that difference in lead time and lag time observed between the
registers may be attributed to the method of elicitation of tokens between the registers. This
would mean that mothers during ADS produced the target tokens in focus position, which
may have resulted in longer voicing lead and lag times. However, if this were the case, then
the vowels should also have been longer in ADS as well, whereas vowels were in fact longer

in IDS.

As a follow up, we tested the possibility that the inclusion of tokens produced during the
familiarization task might have contributed to the above results. In the familiarization,

mothers were asked to name the pictures presented to them one at a time. The possibility that
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mothers noticed that a key difference between the picture names was the onset of their first
syllables, and that this might have led to exaggeration of voicing contrasts in ADS (resulting
in longer lead and lag time) is improbable for two reasons. First, the order of presentation of
pictures was not controlled, pictures were pulled out from the bag and neither the
experimenter nor the mother was aware of the next picture. In addition, the stimulus set
contained two additional words with different vowels in the first syllable. Furthermore, the
comparison of lead time and lag time between the tokens elicited during the familiarization
and the mother-experimenter interaction after IDS revealed no difference. Lastly, it was
observed that mothers were naming pictures in focus position to their infants during IDS. The
possibility that adults were producing the token words in focus position in ADS and not IDS

will thus not account for this phenomenon.

A second possible explanation for the lack of clear voicing contrasts in IDS is the possibility
that lead time and lag time are not the main voicing cues used for distinguishing voicing
categories in Nepali. It may be that the contrast, although very clear in ADS, may be realized
by some other means in IDS. Compare for example Korean, where pitch is now used rather
than simply VOT (Silva, 2006). To explore this possibility, future research must look at other
cues to voicing contrasts in Nepali. This is therefore a limitation of the current study and an

obvious area for future research.

A third possibility may be that the context of recording, i.e. a laboratory recording with the
instruction to label objects instead of a naturalistic spontaneous recording of IDS in the home,
lead to a reduced stop contrast in IDS.. However, numerous studies comparing IDS and ADS
elicited in laboratory settings using labelling of objects have reported hyper-articulation in
IDS for both vowels (Kuhl et al., 1997) and consonants (Sundberg, 2001, Burnham et al.,
2013). This previous literature suggests that hyper-articulation instead of hypo-articulation
can be observed in IDS that is recorded in a laboratory environment. Although the preference
may be to record natural mother-child interaction in the home environment, this is also a
challenge due to issues such as controlling the acoustic environment and controlling the
linguistic context in which the target segments appear. Future studies can investigate the

possible difference of voicing cues between laboratory and home elicitations.
5.5 Devoicing, lead time, and lag time in ADS

The devoicing in voiced consonants showed lower likelihood of devoicing in voiced

unaspirated that voiced aspirated. Additionally, the lead time analysis of voiced consonants
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showed longer lead time of voiced unaspirated compared to voiced aspirated stops. Thus, the

two voiced consonant categories were different in-terms of devoicing and lead time.

In terms of lag time, voiceless stops had longer lag time than voiced stops, and aspirated
stops had longer lag time than unaspirated stops. Furthermore, the effect of aspiration was
larger in voiceless stops than voiced stops and in aspirated stops than unaspirated stops.
Among the four stop consonant categories, the lag time of voiceless unaspirated stops was
longer than the other three categories (i.e. voiced unaspirated, voiced aspirated, and voiceless

unaspirated), which showed a smaller lag time difference.

The pattern of voicing contrasts shown by the results of current study is similar to the Nepali
pattern shown by Poon and Mateer (1985). This was observed despite the fact that the current
study measures voicing cues as lead time and lag time and the Poon and Mateer (1985) study
measured voicing cues as VOT. In both the studies, voiced unaspirated consonants had the
longest negative voicing cue (lead time and negative VOT), and voiceless aspirated had the
longest positive voicing cue (lag time and positive VOT). In addition, the devoicing in voiced

aspirated consonants was higher than in voiced unaspirated.

The voiced aspirated stops in Nepali show high inconsistency with lead time, as well as a
weaker aspiration effect compared to Hindi. This may suggest that voiced aspirated stops in
Nepali may be unstable in terms of pre-voicing. This inconsistency in pre-voicing of voiced
aspirated stops was also observed within the same speaker. Previous literature suggests that
unstable contrasts in a language tend to be lost in the language over time (Hombert, Ohala, &
Ewan, 1979). This is especially interesting given that a four-way voicing contrast of stops in
Punjabi has been reduced to a three-way contrast due to a loss of the voiced aspirated
consonants (Kanwal & Ritchart, 2015). This raises many interesting questions about how the
Nepali voiced aspirated stops are perceived by both adults and infants, and if this contrast is

now being lost. It will be valuable to address this in further research.
5.6 Limitations

The current study targeted only velar stop consonants in word-initial position of disyllabic
words. In addition, only target tokens in isolation or sentence initial position which were not
case marked with additional suffixes were analysed (see Appendix H for details of words in
all sentence position). The focus on word-initial stops in utterance-initial position was
motivated by the need to facilitate the segmentation of voicing lead, which can occur in

Nepali, voiced stops. When a stop with voicing lead has continuous voicing from previous
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segment, it becomes difficult to delineate the onset of voicing. As voicing lead was a part of
the focus of current study, target tokens which were not in isolation or sentence initial
position were excluded from analysis. This restriction to word-initial velars in disyllabic
word in only one utterance position leaves open the possibility that the realization of voicing
lead time and lag time may be different in stops at other places of articulation, stops in word

with different number of syllable, or other sentence positions.

With respect to the measurement of voicing cues, we have limited ourselves to lead time and
lag time. There may be other cues to voicing such as burst duration, change in fundamental
frequency or voice quality of the following vowel (Lisker, 1986). There is a possibility that
the voicing contrasts may be hyper-articulated in the other cues, especially if the lead time
and lag time are not the main cues to voicing (Cristia, 2010). However, the current study
utilized the durational cues of lead and lag time due to two reason. Firstly, there are no
perception studies reporting voicing cues in Nepali, so there is no information about the main
cue to voicing. Secondly, the only study reporting the realization of voicing contrasts in
Nepali has measured VOT which is reported to be inefficient in showing Nepali four-way
contrast. For this reason, lead time and lag time which are suggested to capture the voicing

contrasts in all four stop categories (Davis, 1994), were used in the present study.

In addition to only measuring a subset of the possibly relevant voicing cues, only the mean
lead time and lag time of stop categories were compared between IDS and ADS. The
variation in these cues was not directly assessed. We concluded that IDS is not hyper-
articulated because we observed a reduced difference between the means in IDS compared to
ADS. However, the variation in the production of stop categories may be lower than ADS.

Such lower variation may imply that the stop contrasts are still enhanced in IDS than ADS.

The input children hear is the full distributions which are characterized by means and
variance. Hence to fully characterize the input, variances are required. Moreover, contrasts
are defined by both means and variances (Cristia & Seidl, 2013). Maybe variances are equal
in IDS and ADS- then the conclusions about difference actually mean differences in contrast.
Maybe variances are larger in IDS as well, as reported by Kuhl et al. (1997). If so, then the
contrasts in IDS are even more reduced than we think on the basis of present data. This
further implies the contrasts in IDS may not be hyper-articulated or even hypo-articulated.
The final conclusion about hyper-articulation in Nepali IDS (or the reverse thereof) requires

further research.
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A final limitation of this study relates to the selection of participants. The study was
conducted in Sydney, Australia. These speakers may probably all use English on a daily
basis. This might have an impact on their Nepali VOT (see for example Flege, 1987). It
would therefore be interesting to replicate this study with Nepali-speaking mothers residing

in Nepal.

The Nepali community in Sydney has only a relatively small number of native speakers of
Nepali. As a result, it was difficult to get a sample of infants that were all the same age, and
we reported on a sample in which infant age ranged from 10-17 months. One of the
limitations of this study is we did not explore the possibility of age effects. With the reports
that age of the infants may affect hyper-articulation (Sundberg & Lacerda, 1999), there is a

possibility that infant’s age may have an effect on the results.
5.7 Future directions

Given the limitations identified above, there are many future directions which could be
explored. The present study is the first to suggest that the trading relationship between
consonant and vowel duration in a syllable is different in IDS than in ADS. It would be
important to establish to what extent this difference in the trading relationship also exists in

other languages than Nepali.

A related area for future research would be to analyse vowel space in Nepali IDS. Especially,
given that vowels are longer in IDS, it would be valuable to know, we anticipate that vowel
space may be hyper-articulated. If the vowels are hyper-articulated, it would show not only a
trade-off in time spent in the duration of various constituents of the syllable, but it would
actually show that they choose to hyper-articulate vowels at the expense of the hyper-
articulation of consonants. This would mean that hyper-articulation is not an all-or-nothing

situation, but may be subject to trade-offs.

To determine whether age of infant has an effect on the lead time and lag time, follow up
study with large number of infants from different age groups could be compared. Given
findings from Sundberg & Lacerda (1999) that the acoustic phonetic feature of IDS change
with the age of the infant, it would be interesting to explore if the lead time and lag time show
any effect of infants age. This could be examined with further analysis here and/or with a

more restricted age group in Nepal.
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It would also be interesting in future research to compare the amount of variance in
production of the stop categories between the two registers. Although the results suggests
smaller separation of stop categories in IDS compared to ADS, there may be less variability
in the production of stops in IDS. If this is the case, then voicing contrast in IDS may still be

enhanced compared to ADS.

Follow up research investigating infant’s perception of voicing contrast would shed light on
how Nepali infants acquire voicing contrasts. It would also be interesting to investigate when

infants learn to produce these contrast.

It may be the case that mothers are enhancing the stop contrasts using other acoustic cues.
Thus, it would also be interesting to examine other acoustic cues to voicing contrasts, such as
fundamental frequency or vowel quality (cf. Clements and Khatiwada, 2007) in future

studies.

Eliciting target words in isolation or in sentence initial position was more difficult in ADS
than in IDS. In IDS mothers spontaneously repeated numbers of target words in isolation or
in sentence initial position while interacting with their infants. However, in ADS target words
were usually uttered in sentence medial or sentence final position. Moreover, the target
tokens in sentence medial or final position were case marked, leading to additional suffixes
and thus, were excluded from the analysis. However, children will typically encounter many
words in utterance medial position or case marked, and therefore many stop consonants they
hear will not occur at the beginning of utterances. Thus, the acoustics of these stop categories
will vary across these different contexts. In further research it would be interesting to explore
what the acoustics of such items are in mother’s speech in IDS and how they are perceived

and produced by children.
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6. Conclusion

In summary, this study investigated the difference between the ADS and IDS in realization of
a four-way voicing contrast in Nepali stops. Voicing cues in Nepali stops, which contrast in
both voicing and aspiration, were measured using lead time and lag time. In addition, the
occurrence of devoicing (complete absence of lead time) in voiced consonants was recorded
as a binary variable. Vowel duration was measured to control for speaking rate. The aim of
the current study was to test two hypotheses. The first hypothesis was that there would be
hyper-articulation of devoicing, lead time, and lag time in IDS compared to ADS. The second
hypothesis was that the hyper-articulation might be a side-effect of speaking rate differences

between the register.

The results showed the absence of hyper-articulation of devoicing, lead time, and lag time in
IDS. Rather, the higher rate of devoicing and shorter lag time led to hypo-articulation of
voicing contrasts between the stop categories in IDS compared to ADS. Further, this
difference between the categories could not be explained by speaking rate differences
between the registers. The longer vowels in IDS suggest that mothers focus more on vowels
while talking to infants, and this appears to have the effect of shortening the onset

consonants.

To our knowledge, this is the first time that the voicing contrast in IDS is being looked at this
way. This then has a wide ranging theoretical implications for better understanding the nature

of IDS and its effects on language learning.
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Appendix A

Table: Participant mother age (years) and infants age (months) and gender

Subject | Mother’s age Infants age Infant’s gender
1 26.5 15.5 Male

2 31.6 10.12 Male

3 26 14.2 Male

4 33 14.3 Female
5 31 12.26 Male

6 29.1 14.3 Male

7 33.6 15.19 Female
8 26.8 15 Male

9 28.5 17.5 Female
10 34.8 14.22 Female
11 29.11 17.4 Female
12 32.5 17.28 Male
13 34.4 14.4 Male
14 28.6 10.21 Female
15 28.7 10.22 Female
16 32.1 12.08 Female

61



List of picture stimuli used

Bullock cart

Neck

Hair pin

Appendix B
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Meal

Cave

Gums
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Appendix C

Questionnaire in English version

Language History Questionnaire

Participant ID:

Gender:

Date of Test:

Section I- Information about participant

1. What is your date of birth?
2. Where do you live? (suburb and postcode)

3. Where is your birth place? (city and country)

4. Which other countries than Nepal you lived in, and for how long? (in chronological

order):

5. What is your native language?
6. Which language(s) did you speak when you were growing up?
7. Which language(s) do you speak at home?

8. Please fill the following table regarding your language background.

What languages do
you speak?

At what age did you
begin to learn?

How often do you
use it? (1(rarely) to 9
(very often))

How fluent are you in this
language? (1(not fluent at
all) to 9(very fluent)

9. Please tick the appropriate boxes for education attainment

Mother

Primary School

High School (year 10)

High School (year 12)
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10
11
12

TAFE Certificate

University Degree

Postgraduate Degree

. Do you/your child have any hearing difficulties?

. Have you/your child had any ear infections?

. Do you/your child have any language difficulties?

Section II- Information about participants’ child

13.
14.
15.

16.

17.

18.

19.

What is your child’s date of birth?
What is the gender of your child?

What language(s) do you speak to the child?

Mother: Father:

Who is the child’s main caregiver during the daytime? (I.e. father, mother,
grandmother, etc.)

If the main caregiver is not the mother/father, what language(s) do they speak to the
child?

If your child is exposed to languages other than Nepali, which ones, and how many
hours per week?
Language 1: Hours/week:
Language 2: Hours/week:
Please fill the following table regarding child’s siblings.
How many siblings | What is the age of What language does the sibling
does your child sibling? use with the child?
have?
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20. What date (approx.) did your child begin attending childcare?

21. How many hours per week is your child in childcare?

Questionnaire in Nepali version

HIYT IR SIHBRI BRA

WUS - AEHIT SMHT IR SIHBRI
1. o @fd -

2. I -

3. OFF I (TER X <2):

4. UT ST 3% H1 <=M i D! AT TFHAT (FHHIT Iad T gh):

5. HETHTT:-

6. giohal H1- H HTST TRANT 7T 212
7. ORHT H1 HISTH! T 7T §67?

8. HTNT AR YR SHBR Ur3-eh] AR dd fAUdhT Tegsd] $udl Saih

fagetar |

TRPIPIUN  |[FASR A RTF] | FABI TN T | T U Bid DI HED (3

T THgs? UTH 2 §9 (R (UPEH | (T 313) A
&H) SRa R (TSI 3MT3D)) ?
(e &))?
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9. 3TN RI&T SFIHR daieh SIoT It fas eraIeIy |

SITHT

? G R DA Ugdh]
S.L.C. T U¢d!

+2 T Ugdh!

TAFE ST YHTU U feTueh!
Bachelors TR&®!

Masters TR@®!

10. & TR 1 SOR®| TATATS YATs T F THAT B2
11. & BoR d1 GoRa| TP| Digd BT Ul T )7

12. & TR a1 R SATCTs TS a1 SfeT TSR o THR B2
QUS ?- g g1 T SHeRY

13. o fafd -

14. forg -

15. 3{THI-JAT TR H- P U Sleges?
S{THT: qdl:

16. TTao! fo3! geTdh! &R [9aR Ha Te? (SR : 31T, T, TIR-31HT,)

17. 9f¢ ST TIWeR [dAR T AT HTHT §d7 S8 D 3% DS 8l U, IgTevd
SR F -F1 HIST TN T §787

18. & TUTSH! Sl AUTCH dledh 3% HTHT Sler] IR §672 §8 HA, $T U X
SWITh] Hid UUe 6 Iidd 7T g
HIST 2: ST SHid YueT:

TS : ST Hid YUeT:
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19. TTD! 2T HTs fafe e TR SHaRI

SH] Hid ST | I1gSd] SR BIA | Iesd TR H U
gy i fofe afght | e TN T2

B2 (HETTT

ETH)

20. & &= child/day care SITH TRPI B2 @ Y, $1 dIRGSIC S UTAD! §1?

21. eWITHI SlHH] id gUeT F=d] chid/day careHl g-?
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Appendix D
Instructions
1) Familiarization

Instruction: “Now, I am going to show you some pictures. There are several names of these
pictures. However, for the purpose of this study I want all the mothers to use the same name
of these selected pictures while interacting with their infants. Hence, I have already selected a
name for each. Now, I am going to show you each of these pictures one by one, I want you to
name each picture when I show it to you. I will let you know if the selected name of the
picture is what you have said or is it different than what you have said. Please remember
there is no correct or wrong name, for the purpose of this study we want all the mothers to
use the same name.”

2) IDS

“I have placed the pictures into these three bags. I want you to play with your child using
these pictures. You can open the bag and take out one picture at a time or go as you like.
Introduce these to your child as you would when you are introducing a new item or a new
person to your child at home or at any other situations. You can share your past experiences
about these. Try to be as natural as possible. Take your own time and pace but try to use as
much pictures as you can while you are interacting. We don’t expect the child to produce
these words in this session. Our aim is to look how infant in Nepali culture react to learning
via pictures. ”

3) ADS

“This is the last recording task. I would like to ask you few questions regarding your
experience today.”
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Appendix E
Examples of questions used in ADS
1. Did you like the pictures? Which picture you liked the most?
2. Which pictures do you think you child liked the most?

3. Do you think a child raised in Australia will learn about all the words? If not, which are the
ones s/he will have difficulty knowing?

4. Among these pictures, can you name three which you think your child likes the most?
5. Among these pictures, can you name three which you think your child did not like?

6. Among these pictures, can you name those which you think a child growing up in Australia
will have difficulty learning compared to child in Nepali?

7. Among these pictures, can you name those which you think as a child growing up you had
learnt earlier?

8. Among these pictures, can you name those which you think as a child growing up you had
learnt later?

9. What do you think about these teaching language from these pictures? Which pictures are
clear and which are not?

10. Do you think you child liked any of these pictures?
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Appendix F

ADS

IDS
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Figure showing number of outliers across 13 subjects between the two registers for each
token. The panel on the left shows ADS and the panel on right shows IDS. The grid on top
shows voiced unaspirated stops ‘/g/°, followed by voiced aspirated /g"/, followed by voiceless
unaspirated ‘/k/’, and finally voiceless aspirated’/k"/” on the bottom. X-axis in both the panel
shows number of subjects. Y-axis shows the number of outliers. The three subjects: ‘14°,
‘15, and ‘16’ did not have any outliers.

71



Appendix G
Post hoc analysis of interaction between aspiration and register

Results from ‘aspirated’ subset

Devoicing~ Register+(1+Register|Subject)

B SE z Pmeme X2 df |y

Intercept 0.33 0.56 0.61 0.54

Register -0.19 ] 0.31 -0.60 | 0.55

Results from unaspirated

Devoicing~ Register+(1+Register|Subject)

B SE Z pmcmc Xz df p

Intercept 4.09 1.56 3.15 0.002™

Register -1.94 | 1.38 -1.40 | 0.16

Results from ‘ADS’

Devoicing~ Aspiration+(1+Aspiration|Subject)

B SE z Pmeme xz df p

Intercept 3.49 1.64 2.12 0.03"

Aspiration -298 | 1.44 -2.074 | 0.04"

Results from ‘IDS’

Devoicing~ Aspiration+(1+Aspiration|Subject)

B SE z Pmeme x2 df p

EXE)

Intercept 1.49 0.44 3.41 <0.001

EXE)

Aspiration | -1.37 ] 0.31 -4.413 | <0.001

Three way interaction
Post hoc analysis of three-way interaction between aspiration, register, and voicing

‘ADS voiced’
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LagTime~ Aspiration+(1+Aspiration|Subject)

B SE t Pmeme df
Intercept 2491 | 1.43 17.43 | <0.001""
Aspiration [ 2.30 | 0.95 |2.42 0.03"
‘ADS voiceless’
LagTime~ Aspiration+(1+Aspiration|Subject)
B SE t Pmeme df
Intercept 65.83 | 1.73 37.98 | <0.001""
Aspiration | 33.51 | 1.83 18.30 | <0.001™"
‘IDS voiced’
LagTime~ Aspiration+(1+Aspiration|Subject)
B SE t Pmeme df
Intercept 17.70 | 0.84 21.20 | <0.001""
Aspiration 1.28 0.59 2.18 0.05
‘IDS voiceless’
LagTime~ Aspiration+(1+Aspiration|Subject)
B SE t Prmeme df
Intercept 51.29 |2.15 23.89 | <0.001""
Aspiration | 27.35 | 1.59 17.24 | <0.001""

Voiceless-stop-to-syllable ratio
Post hoc analysis of interaction between aspiration and register

Results from ‘aspirated’ subset

Voiceless-stop-to-syllable ratio ~ Register+(1+Register|Subject)




B SE t Pmeme e df
Intercept 0.48 0.01 30.49 | <0.001""
Register -0.06 | 0.01 -9.19 | <0.0017""
Results from unaspirated
Voiceless-stop-to-syllable ratio ~ Register+(1+Register|Subject)
B SE t Pmeme x df

Intercept 0.19 |0.01 23.74 | <0.001"""

Register -0.03 |[<0.01 |-8.70 |<0.001""
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Appendix H

ADS IDS
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Figure showing number of target tokens across various sentence position (isolation, initial,
medial, and final) between the two registers for each token. The panel on the left shows ADS
and the panel on right shows IDS. The grid on top shows voiced unaspirated stops ‘/g/’,
followed by voiced aspirated /gf/, followed by voiceless unaspirated ‘/k/’, and finally
voiceless aspirated’/k"/” on the bottom. X-axis in both the panel shows the sentence position.
Y-axis shows the number of words.

75



Appendix I

Dear Professor Demuth,

Re: "Acquisition of geminates and VOT contrasts for stops in
Nepali-speaking children" (5201600078)

Thank you very much for your response. Your response has addressed the
issues raised by the Faculty of Human Sciences Human Research Ethics
Sub-Committee and approval has been granted, effective 5th April 2016.
This email constitutes ethical approval only.

This research meets the requirements of the National Statement on Ethical
Conduct in Human Research (2007). The National Statement is available at
the following web site:

http://www.nhmrc.gov.au/ files nhmrc/publications/attachments/e72.pdf.

The following personnel are authorised to conduct this research:

Dr Anne Titia Benders

Mr Sujal Pokharel

Ms Elaine Schmidt
Professor Katherine Demuth

Please note the following standard requirements of approval:

1. The approval of this project is conditional upon your continuing
compliance with the National Statement on Ethical Conduct in Human Research
(2007).

2. Approval will be for a period of five (5) years subject to the provision
of annual reports.

Progress Report 1 Due: 5th April 2017
Progress Report 2 Due: 5th April 2018
Progress Report 3 Due: 5th April 2019
Progress Report 4 Due: 5th April 2020
Final Report Due: 5th April 2021

NB. If you complete the work earlier than you had planned you must submit a
Final Report as soon as the work is completed. If the project has been
discontinued or not commenced for any reason, you are also required to
submit a Final Report for the project.

Progress reports and Final Reports are available at the following website:

http://www.research.mg.edu.au/current_research_staff/human_research ethics/a
pplication_resources

3. If the project has run for more than five (5) years you cannot renew
approval for the project. You will need to complete and submit a Final
Report and submit a new application for the project. (The five year limit

on renewal of approvals allows the Sub-Committee to fully re-review
research in an environment where legislation, guidelines and requirements
are continually changing, for example, new child protection and privacy
laws).


http://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/e72.pdf
http://www.research.mq.edu.au/current_research_staff/human_research_ethics/a

4.  Allamendments to the project must be reviewed and approved by the
Sub-Committee before implementation. Please complete and submit a Request
for Amendment Form available at the following website:

http://www.research.mg.edu.au/current_research_staff/human research ethics/m

anaging_approved_research_projects

5.  Please notify the Sub-Committee immediately in the event of any adverse
effects on participants or of any unforeseen events that affect the
continued ethical acceptability of the project.

6. Atall times you are responsible for the ethical conduct of your
research in accordance with the guidelines established by the University.
This information is available at the following websites:

http://www.mg.edu.au/policy

http://www.research.mg.edu.au/for/researchers/how to obtain_ethics approval/
human_research ethics/policy

If you will be applying for or have applied for internal or external

funding for the above project it is your responsibility to provide the

Macquarie University's Research Grants Management Assistant with a copy of
this email as soon as possible. Internal and External funding agencies will

not be informed that you have approval for your project and funds will not

be released until the Research Grants Management Assistant has received a
copy of this email.

If you need to provide a hard copy letter of approval to an external
organisation as evidence that you have approval, please do not hesitate to
contact the Ethics Secretariat at the address below.

Please retain a copy of this email as this is your official notification of
ethics approval.

Yours sincerely,

Dr Anthony Miller

Chair

Faculty of Human Sciences

Human Research Ethics Sub-Committee

Faculty of Human Sciences - Ethics
Research Office
Level 3, Research HUB, Building C5C

Dear Professor Demuth,

RE: 'Voicing contrasts in Nepali infant-directed speech ' (Ref:
5201600078)

Thank you for your recent correspondence regarding the amendment request.
The request has been reviewed and the amendment has been approved.

Please accept this email as formal notification of approval and find the
attached for your records. Please do not hesitate to contact us in case of
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http://www.mq.edu.au/policy
http://www.research.mq.edu.au/for/researchers/how_to_obtain_ethics_approval/human_research_ethics/policy
http://www.research.mq.edu.au/for/researchers/how_to_obtain_ethics_approval/human_research_ethics/policy

any further queries.
All the best with your research.
Kind regards,

FHS Ethics

Faculty of Human Sciences - Ethics
Research Office

Level 3, Research HUB, Building C5C
Macquarie University

NSW 2109
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