Authors’ copy accepted MS — in press, Infancy (accepted Dec 2020)

Sing for me, Mama!

Infants’ discrimination of novel vowels in song

Falk, Simone!?; Fasolo, Mirco®; Genovese, Giuliana*; Romero-Lauro, Leonor*> & Franco,
Fabia®

"Department of Linguistics and Translation, University of Montreal, Canada
2Laboratory for Brain, Music and Sound Research (BRAMS), University of Montreal, Canada
3 Department of Neuroscience, Imaging, and Clinical Sciences, University "G. d'Annunzio" of
Chieti-Pescara, Italy
“Department of Psychology, University of Milan-Bicocca, Milano, Italy
SNeuromi, Milan Center for Neuroscience, Milano, Italy

®Department of Psychology, Faculty of Science and Technology, Middlesex University
London, UK

Conflict of interest statement: The authors do not have a conflict of interest to declare

Acknowledgments: Preliminary conceptual work to this study was funded by a grant from the
Deutsche Forschungsgemeinschaft (DFG; program: initiation and enhancement of bilateral

cooperation UK-Germany). The authors do not have a conflict of interest to declare.

Keywords: infant-directed communication, singing, speech development, phonetic

discrimination



Authors’ copy accepted MS — in press, Infancy (accepted Dec 2020)

Abstract
When adults speak or sing with infants, they sound differently than in adult communication.
Infant-directed (ID) communication helps caregivers to regulate infants’ emotions, and helps
infants to process speech information, at least from ID-speech. However, it is largely unclear
whether infants might also process speech information presented in ID-singing. Therefore, we
examined whether infants discriminate vowels in ID-singing, as well as potential differences
with ID-speech. Using an Alternating-Trial-Preference-Procedure, infants aged 4-6 and 8-10
months were tested on their discrimination of an unfamiliar non-native vowel contrast presented
in ID-like speech and singing. Relying on models of early speech sound perception, we
expected that infants in their first half year of life would discriminate the vowels, in contrast to
older infants whose non-native sound perception should deteriorate, at least in ID-like speech.
Our results showed that infants of both age groups were able to discriminate the vowels in ID-
like singing, while only the younger group discriminated the vowels in ID-like speech. These
results show that infants process speech sound information in song from early on. They also
hint at diverging perceptual or attentional mechanisms guiding infants’ sound processing in ID-

speech vs. -singing towards the end of the first year of life.
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When adults address infant listeners, their speech is clearly different than when they
speak with adults. Characteristic acoustic modifications distinguish infant-directed (ID) from
adult-directed (AD) speech. Caregivers of infants speak with higher pitch, use a larger pitch
range and display an ID-specific set of pitch contours (e.g., Fernald, 1989; Fernald et al., 1989;
Fernald & Simon, 1984; Liu et al., 2007). They expand vowel sounds and use more distinct
vowels compared to AD-speech (e.g., Burnham et al., 2002; Hartman et al., 2017; Kuhl et al.,
1997; Weirich & Simpson, 2019). They also Utterances are shorter, pauses are longer and more
frequent in ID-speech and pre-boundary vowels and syllables are lengthened (Albin & Echols,
1996; Bernstein Ratner, 1986; Fernald et al., 1989; Ludusan et al., 2016; Martin et al., 2016).
Spectral modifications include a more emotional, happy-sounding tone of voice comparable to
what adults use in romantic relationships (Bombar & Littig, 1996; Fernald, 1989; Piazza et al.,
2017; Trehub et al., 2016). Overall, these acoustic modifications attract infants’ attention to ID-
vs. AD-speech (e.g., Cooper & Aslin, 1990; Soderstrom, 2019). They communicate caregivers’
emotional availability (e.g., Bornstein et al., 2011), foster early caregiver-infant interaction
(e.g., Gratier et al., 2015; Senju & Csibra, 2008), and can even impact infants’ physical well-
being (e.g., in preterm infants, Filippa et al., 2013). Higher amounts of ID-speech that infants
receive in dyadic interactions with their caregivers were found to promote infants’ general
language development (e.g., lexical development, Ramirez-Esparza et al., 2014; Weisleder &
Fernald, 2013).

ID-speech is not the only register used in early ID-communication. In fact, it is often
produced on a continuum with ID-singing (Van Puyvelde & Franco, 2015) which forms an
integral part of child rearing (e.g., Trehub, Becker, et al., 2015). Caregivers around the world
frequently sing lullabies and playsongs to soothe and engage infants in early interactions
(Trehub & Trainor, 1998). Thereby, they effectively modulate their arousal level and emotional
state (Cirelli et al., 2020; Cirelli & Trehub, 2020; Corbeil et al., 2016). As the vast amount of

ID-singing comes with lyrics set to a tune, infants are exposed to an additional source of
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language input (e.g., comprising phonetic/phonological, lexical, & morpho-syntactic
information). Acoustically, ID-singing displays similar alterations compared to AD-singing as
ID- vs. AD-speech. Caregivers prolong vowels, use higher pitch register in ID-singing, a loving
tone of voice and an inventory of melodic pitch contours which is similar to ID-speech (e.g.,
Falk, 2011; Trainor et al., 1997; Trehub et al., 1993).

Besides the multiple benefits of ID-speech and -singing in early infancy in modulating
infants’ attention and arousal, fostering social and emotional development, evidence is scarce
about the effects of both ID-registers on infants’ early speech perception. During their first year
of life, infants make immense progress in learning about the sounds of speech (Kuhl et al.,
2005). Long before they start producing words, they have acquired fine-grained perceptual
information about the characteristics of speech sounds. According to the ‘perceptual
reorganization’ model (Werker & Tees, 1984), speech sound perception undergoes significant
changes during the first year of life.

Infants in their first months of life have the ability to discriminate many speech sounds,
across languages. For example, a classical study of Werker and colleagues (Werker et al., 1981)
showed that 6-8 months old English-learning infants were able to discriminate two phonemic
Hindi plosives (i.e., /t/-stops with retroflex vs. dental place of articulation), a contrast which is
not present in English. Towards the end of the first year of life, 10-12 months old English-
learning infants, like adults (Pruitt et al., 2006), no longer showed discrimination of the non-
native contrast (Werker & Tees, 1984). For vowels, a similar reorganization is observed, which
is supposed to start a little earlier (e.g., Kuhl et al., 1992; Polka & Werker, 1994). For example,
English-learning infants discriminated the German front vs. back vowel contrast (e.g., /dut/ vs
/dyt/) at 4 months, but no longer at 10 months of age (Polka & Werker, 1994). Since, many
studies with infants from different language backgrounds have provided further evidence that
speech sound discrimination towards the end of first year of life improves for many native

sound contrasts, accompanied by decreasing discrimination for non-native sounds (overviews
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in e.g., Byers-Heinlein & Fennell, 2014; Mattock et al., 2008; Maurer & Werker, 2014; Tsuji
& Cristia, 2014).

To explain this process of perceptual attunement to the native language sound
inventory, models of early speech sound perception such as PRIMIR (Processing Rich
Information from Multidimensional Interactive Representations, Werker & Curtin, 2005)
propose that infants’ observable speech discrimination is the result of a dynamic reorganization
of speech sound representations shaped by contextual needs and language experience.
According to PRIMIR, infants’ earliest speech perception is organized on a general perceptual
level. Here, phonetic information is encoded following primary auditory processing
mechanisms (see also, McCarthy et al., 2019) and modulated by initial biases (e.g., preference
for ID-speech, point vowels, a.0.). With growing language experience, these early sound
representations are reorganized as a function of the frequency and distribution of features
(including acoustic, auditory-visual and articulatory information) encountered in the
environment, and the contextual needs (e.g., word learning). Perceptual attunement effects (i.e.,
increasing native, decreasing non-native discrimination) arise, when infants match incoming
instances of vowels based on their similarity with these preliminary experience-driven
templates (Werker & Curtin, 2005).

Sound representations continue to undergo important changes as infants build a lexicon
(Best et al., 2016; Werker & Tees, 2005). As with non-native contrasts, infants in their late
months of the first year show a decline in sensitivity to native sound contrasts that do not
differentiate meaning (i.e., allophones, Seidl et al., 2009). Neurally, perceptual attunement
parallels a process of ‘neural commitment’ (Zhang et al., 2005) associated with infants building
the sensory-motor schemata for native speech sounds that will allow them to efficiently parse
and produce speech and language later on (Kuhl et al., 2005; Kuhl et al., 2014).

Besides language experience, infants’ speech sound perception is modulated by a

number of factors. First, discrimination ability varies depending on the acoustic properties of
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sounds themselves. For example, durational differences are discriminated later than spectral
differences (e.g., Mugitani et al., 2009; Sato et al., 2010; see also Falk & Tsang, 2020, for a
discussion). Discrimination ability is also modulated by linguistic contexts, such as
immediately surrounding sounds (Fort et al., 2017; Ko et al., 2009), sound position in the
syllable (Archer et al., 2016) or syllabic stress (Floccia et al., 2011). Second, discrimination is
influenced by the situational context in which sounds are presented to infants. Infants’
discriminate sounds better when they are embedded in multimodal contexts (audiovisual vs.
audio or visual only, Ter Schure et al., 2016), and in live interactions vs. videotaped stimuli
(Kuhl et al., 2003).

With regard to context, it is largely unknown whether and how infants perceive speech
sounds in ID-singing. Indeed, no study to date has addressed this question specifically, and only
a few existing studies have attempted to examine 1) whether infants’ might at all process verbal
information from sung stimuli, and if yes, 2) whether there are developmental differences
between speech and song. As to the first question, all four existing studies (Frangois et al., 2017;
Lebedeva & Kuhl, 2010; Snijders et al., 2020; Thiessen & Saffran, 2009) suggest that, from
very early on, infants extract and process verbal information from stimuli featuring song
properties. For example, newborn infants can detect co-occurrences of syllables (i.e., forming
pseudo-words) in a syllable stream when every syllable is paired with a different pitch resulting
in a melodic contour as in a musical tune (Frangois et al., 2017). However, they fail to do so
when syllable streams are presented with flat pitch (Francois et al., 2017). Older infants (7, 11
months old) detect changes in syllable order when the syllables are presented within musical
melodies (Lebedeva & Kuhl, 2010; Thiessen & Saffran, 2009), and extract novel words from a
song (Snijders et al., 2020).

As to the second question, however, results are less clear, when comparing speech and
song conditions. For word segmentation, Snijders et al. (2020), using ID-like sung children’s

songs as stimuli, did not find differences between song and speech conditions, and in the study
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by Lebedeva & Kuhl (2010) on syllable order, a song effect was only close to significance.
Thiessen & Saffran (2009) were the only ones to find a difference in speech perception when
comparing AD-sung vs. AD-spoken syllables. They familiarized infants aged 6.5-8 months
with AD-spoken and AD-sung word sequences (i.e., numbers) which were scrambled in the test
phase. Infants listened longer to novel sequences in the sung condition, while no difference
between familiar and novel strings were noticeable in the spoken condition. Thiessen and
Saffran (2009) interpreted this result as evidence that singing can foster infants’ speech
processing capacities, possibly because it provides redundant acoustic cues to higher-order
structures through consistent mappings between musical and verbal features. For example,
many children’s songs feature notes that are mapped in a one-by-one manner onto syllables and
this mapping forms both higher-order musical (i.e., melodies) and verbal structures (i.e., phrases
and utterances). When considering naturalistic ID-singing, acoustic redundancy is even
enhanced by the fact that musical features such as pitch, tempo and rhythm are very consistently
reproduced by mothers across repeated performances, even more so than in ID-speech
(Bergeson & Trehub, 2002). Hence, it is one possibility that consistent co-variation of musical
and speech information, as well as consistent reproduction of musical elements over time assist
infants’ verbal processing in ID-singing and may boost associated learning (e.g., Volkova et
al., 2006).

It is another possibility that ID-singing, unlike AD-singing, but similarly to ID-speech,
may influence infants’ speech processing simply because it attracts infants’ attention. A vast
amount of literature shows that higher attention to a stimulus typically leads to better processing
and learning in infants (e.g., Papageorgiou et al., 2014; Yu et al., 2019). As with ID-speech,
infants show more sustained attention to ID-singing than to singing that is not directed at infants
(e.g., Trainor, 1996). Infants attend at least as much to ID-singing as to ID-speech (Corbeil et
al., 2013; Costa-Giomi & Ilari, 2014), and even prefer to listen to ID-singing compared to ID-

speech between 5 and 10 months of age (Nakata & Trehub, 2004; Tsang et al., 2017). Aiming
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to determine which acoustic features may drive infants’ attention to ID-registers, research
points towards pitch structure rather than duration or intensity as a particularly powerful
acoustic attractor (Fernald & Kuhl, 1987; Rasénen et al., 2018; Thiessen et al., 2005; Thiessen
& Saffran, 2009). Expanded pitch contours within vowels and across syllables considerably
contribute to infants’ higher attending to ID- vs. AD-speech (e.g., Fernald & Kuhl, 1987), and
are associated with better outcomes in infants’ later attentional and linguistic development (see
overview in Spinelli et al., 2017). In ID-singing, flat pitch slopes within vowels forming discrete
tonal categories (i.e., notes within a systematic tonal framework) may particularly appeal to
infants (Thiessen & Saffran, 2009).

Rhythmic properties such as rhythmic regularity (i.e., temporally predictable
occurrences of notes and syllables/words) may as well enhance infants’ attending to ID-
registers, and particularly to ID-singing. Even foetuses and newborns are sensitive to rhythmic
regularity of sounds (Provasi et al., 2014; Winkler et al., 2009), and infants between 5 and 8
month attend longer to regular, structured tone sequences than to irregular ones (Nakata &
Mitani, 2005). Although ID-speech may feature more temporally regular word and syllable
organisation than AD speech (Malloch, 1999), rhythmic regularity is still more pronounced in
ID-singing even when compared to ID-spoken rhymes (Bergeson & Trehub, 2002). Children’s
songs from the Western tradition mostly display clear metrical structure (e.g., Falk, 2009), that
is, the presence of a regular pulse (i.e., beat) and simple recurrent patterns of perceived strong
and weak pulse times (i.e., meter: London, 2012). In adults, rhythmic regularity enhances the
predictability of speech sounds and thereby, their processing (Cason & Schon, 2012). To date,
it remains an open question whether this might apply to infants’ processing of speech sounds
as well.

In light of the above literature, the present study examined infants’ speech sound
perception in ID-song compared ID-speech. As stimuli, we chose vowels as these carry many

of the pitch, duration and spectral features that help identifying ID-registers which infants prefer



Authors’ copy accepted MS — in press, Infancy (accepted Dec 2020)

compared to AD registers (Fernald, 1985; Pegg et al., 1992). Moreover, vowels convey essential
information distinguishing speech and singing (e.g., Falk & Tsang, 2020; Sundberg, 1987). For
example, the pitch slope within a sung vowel is typically flatter than in speech in order to
indicate discrete pitches that form the musical melody within a tonal framework (e.g., Koelsch
& Siebel, 2005). Durations of intervocalic intervals play an important role in conveying the
rhythmic structure of song (Falk et al., 2014; Sundberg, 1989), whilst inter-syllabic intervals
appear to be more relevant for speech (Cutler, 1991). Finally, in some artistic singing styles
such as operatic singing, spectral properties of vowels may greatly differ from spoken vowels
(e.g., by adding an additional “singer’s formant™), due to altered vocal tract constellations (e.g.,
Sundberg, 1987, 2001).

Generally, vowel intelligibility can be decreased by Western operatic singing style,
either because of higher vowel category overlap (Bradley, 2018), or as a result of high-pitched
singing (e.g., such as soprano singing, Hollien et al., 2000). In ID-singing, though, which is
produced on a continuum with ID-speech (Van Puyvelde & Franco, 2015) and which is deeply
rooted in oral lore and song traditions (Mehr et al., 2018), alterations of vowel intelligibility are
less likely (e.g., similar to folksong, see Sundberg & Romedahl, 2009). Yet, more corpus
research is needed to pinpoint spectral differences of vowels in ID-singing vs. ID-speech (e.g.,
lesser within-vowel category variability, Audibert & Falk, 2018).

A few studies on ID-speech suggest that ID vowel acoustic characteristics may foster
infants’ speech sound discrimination. For example, 6-8 and 10-12 months old infants whose
mothers display more distinct vowels in ID-speech also show better speech sound
discrimination of consonants (Liu et al., 2003). Trainor & Desjardins (2002) tested 6-7 months
old infants on their discrimination of the subtle English vowel contrast /I/ (as in 4id) and /i/ (as
in heed). They found that the presence of wide pitch range within the intonation contour of a
vowel (i.e., similar to saying “Wow!”), a typical prosodic feature of ID-speech (e.g., Fernald &

Kuhl, 1987), helps infants to discriminate these fine vowel quality differences. Along similar
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lines, Adriaans and Swingley (2017) presented evidence from a simulation study that vowels in
naturalistic ID-speech, characterized by higher pitch, large pitch range and longer durations,
were more likely to enhance infants’ phonetic category learning compared to vowels with less
extreme values of these acoustic features.

However, not all acoustic ID-features may support infants’ vowel sound perception.
Trainor & Desjardins (2002) point out that high pitch, as found in both ID-speech and -singing,
and flat pitch slope within a vowel, as found specifically in ID-singing, may rather hinder
infants’ discrimination of fine vowel differences. Several corpus studies also reported higher
spectral within-category vowel variability in naturalistic ID- compared to AD-speech, thereby
leading to larger overlap of vowel categories (Cristia & Seidl, 2014; Martin et al., 2015). It is
thus so far a matter of debate, whether there are sound characteristics of ID-registers that could
also negatively influence infants’ phonetic learning (Eaves et al., 2016; Martin et al., 2015).

The aim of the present study was twofold. First, given the lack of studies on infants’
speech sound perception in ID-singing, we investigated the question of whether infants in their
first year of life can discriminate vowels presented in stimuli with typical ID-singing acoustics
displaying musical melodic and metrical organization. Previous results suggested that these
musical features may assist infants’ speech processing either because of consistent structural
mappings between speech and musical structure or because they generally enhance infants’
attending to the stimulus (e.g., Thiessen & Saffran, 2009). Although we will be unable, at this
stage, to disentangle these two possibilities, both suggest that infants should indeed show vowel
discrimination in ID-singing. The second aim was to examine whether vowel discrimination in
ID-singing differs from discrimination in ID-speech. Here, infant age may play a crucial role.
Infants younger than 6 months are equally interested in ID-speech and -singing (Corbeil et al.,
2013). They are also capable of discriminating a wide range of native and non-native language
speech sounds (e.g., Chladkova & Paillereau, 2019, Tsuji & Cristia, 2014, for overviews).

Provided that both types of ID-acoustics are adequate to help infants’ vowel discrimination, we

10
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expect that this group of infants may show similar patterns of vowel discrimination when
listening to either ID-speech or ID-singing.

However, in the second half year, as infants become attuned to language- as well as
music-specific perception (e.g. Soley & Hannon, 2010), discrimination may diverge. On the
one hand, language-specific sound processing may be more relevant to infants’ ID-speech
perception as ID-speech interactions in their daily lives become guided by joint attentional
exchanges and increasingly centred around linguistic functions of sound contrasts (e.g., such as
distinguishing words in referential contexts, e.g., Fennell & Waxman, 2010). On the other hand,
increasing musical proficiency may heighten older infants’ processing abilities of musical
structure resulting in higher attending towards ID-singing (as found in Tsang et al., 2017).
Hence, the effects of perceptual attunement (e.g., decrease in non-native vowel discrimination)
may be more visible with ID-spoken than ID-sung stimuli. In sum, infants’ perception in the
second half year of life may be increasingly affected by linguistic and / or musical experience
and associated functions, and thereby bias infants’ vowel discrimination, and the perceptual
attunement effects we observe in ID-speech and -singing.

In two experiments, using a preferential listening task (Best & Jones, 1998), we
presented ID-like spoken and sung stimuli featuring typical ID-acoustics (e.g., speech contour
with expanded pitch range, sung contour featuring a clear melodic and metrical pattern) to
Italian-learning infants in their first and second half year of life, i.e., before and after the start
of language-specific vowel perception (i.e., around 6 months, see Tsuji & Cristia, 2014). The
stimuli contained a novel non-native (German) vowel contrast which was chosen to allow us to
observe potential perceptual attunement effects in younger and older infants, and to exclude
any familiarity effect. For infants under 6 months of age (Exp.1), we predict discrimination of
the novel vowel in both ID-like singing and speech, along the lines of well-established previous
research on infants’ early sound perception in speech (e.g., Tsuji & Cristia, 2014; Werker &

Tees, 2005). Such a result would suggest that acoustic ID-characteristics, whether sung or

11
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spoken are well-suited to sustain infants’ attention and associated early auditory perception
skills. For infants in their second half year of life (Exp. 2), however, the perceptual attunement
literature suggests that the discrimination of the non-native vowel contrast will deteriorate
(Kuhl et al., 2008; Maurer & Werker, 2014). We examine if this will be indeed the case in both
ID-speech and -singing, or whether, based on potential effects of musical / linguistic experience
on infants’ perception, older infants will continue to discriminate the contrast in ID-singing, but

not ID-speech.

Experiment 1

Method
Participants

As there were no previous studies available on infants’ speech sound perception in
speech vs. singing using naturalistic stimuli, we ran a Power analysis after having collected data
from a small sample to decide on final sample size. Data from 14 infants were collected who
listened either to the familiar and novel vowels presented in the ID-sung stimuli (n = 7), or
presented in the ID-speech stimuli (z = 7). In order to obtain an estimation of effect size, a
mixed factorial Analysis of Variance (ANOVA) was run with the between-subject factor
Register (i.e., ID-speech/singing) and Trial (familiar vs. novel vowel) as a within-subject factor.
We found a large effect size, 7,° = 0.387, for the hypothesized within-subject effect of Trial
(i.e., discrimination between familiar and novel vowels) which was entered into G*Power
3.1.9.4 (Faul et al., 2007) with alpha = .05. Suggested overall sample size was n = 22, with a
Power of .92.

Hence, our final sample consisted of 24 infants, randomly assigned to the speech or
singing condition. Five additional infants were tested, but excluded from the analyses due to
fussiness. All participants were healthy full-term infants from monolingual Italian households

aged between 4 and 6 months (M = 4.7; SD = 0.64). Infants lived in predominantly white

12



Authors’ copy accepted MS — in press, Infancy (accepted Dec 2020)

middle-class households in Milano, Northern Italy. Infants in the two conditions were similar
in age, sex, maternal education, and on their familiarity with singing at home (see Table 1). The
latter was assessed by caregivers’ answers to the Italian adaptation of the Music@Home
questionnaire (Politimou et al., 2018) on family musical interactions at home. The Exposure to
singing scale score from the questionnaire was used to match infants’ in both groups according
to familiarity with ID-singing in their everyday life. Based on both this score (p = 0.65) and

maternal education (p = 0.2), the experimental groups were equivalent.

Ethics

The present study was conducted according to guidelines laid down in the Declaration
of Helsinki, with written informed consent obtained from a parent for each child before any
assessment or data collection. All procedures involving human subjects in this study were
approved by the Psychology Research Ethics Committee at Milan-Bicocca University. Parents
received an information sheet, signed written consent and were provided with debriefing at the

end of their participation.

Stimuli

To test phonetic discrimination with Italian-learning infants, the German vowel contrast
/u/ - /y/ was chosen, a contrast that has been previously studied in English-learning infants (see
overview in Polka & Bohn, 2011). Figure 1 displays the quality of the German /u/ and /y/ vowels
used in the experiment in relation to vowels in the Italian variety of the region where parents
were recruited (Savy & Cutugno, 1997). The vowel /u/, such as in the English word “shoe”, is
a native-like vowel that resembles the quality of Italian /u/ (see Fig. 1). In Italian, at least adult
speakers easily assimilate this vowel into the native vowel category (Missaglia, 2004).
Differently, /y/ (pronounced in English as “e” with rounded lips, as in the German city name

“Miinchen”) is a novel sound for Italian-learning infants as it is not part nor resembles the

13



Authors’ copy accepted MS — in press, Infancy (accepted Dec 2020)

standard or regional Italian vowel system (Kréamer, 2009; Savy & Cutugno, 1997). As displayed
in Fig. 1, formant values of /y/ are outside the range of other Italian vowel categories.

Vowels were embedded in simple open syllables starting with the plosive /g/ (i.e., “gu”
or “gii”’) to enhance sonority contrasts (i.e., the vowel was clearly more sonorous than the
consonant). Unlike previous studies on phonetic discrimination which mainly used single
isolated syllables and monotone melodic and rhythmic contours, we embedded the vowel
contrast in a contour modelled after ecological ID-singing and -speech. The ID-like singing
stimuli were musically more elaborate than the ID-like speech stimuli. Melodic and rhythmic
differences are displayed in Fig. 2.

In both the ID-like speech and the ID-like singing versions, the syllable sequences
formed a smoothly rising and then falling (i.e., bell-shaped) melodic contour which parents use
when they communicate approval or appraisal of their child’s behavior (Papousek et al., 1991,
see Fig. 2). In the ID-like singing version, syllable sequences featured clear melodic structure
implemented as systematic recurrences of stable pitch relations (i.e., musical intervals)
constrained by a tonal framework (i.e., the western tonal system based on scales of 12
semitones). Each syllable had a discrete pitch value corresponding to a note in order to create a
three-syllable ascending-descending melodic contour progressing in intervals of thirds and
spanning the range of a perfect fifth (D4-F#4-A4-A4-F#4-D4). In the ID-like speech version,
the pitch contour (with the peak on the third syllables, as in ID-like singing) was achieved by
dynamic pitch variation inside each syllable and an overall extended pitch range as in
naturalistic ID-speech (Fernald & Kuhl, 1987). ID-like sung versions also featured a clear
musical rhythm (a triple meter), implemented as recurring triples of one strong (i.e., longer) and
two weak (i.e., shorter) syllables (imagine steps in a waltz, ONE—two-three). As a consequence,
one /u/ and one /y/ vowel were associated to these prominent positions in song. ID-like speech
stimuli did not have a clear metric structure. Note that these rhythmic manipulations induced a

significant difference in durational variability of vowels (i.e., ID-like song > ID-like speech,
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see Fig. 2). Both types of stimuli displayed similar final lengthening on the last syllable of the
contour (see Fig. 2).

A female native speaker of German was recorded (at 44 kHz sampling rate, 16 bit) in a
sound-proof booth while singing and speaking sequences of six “gu” and “gii” syllables.
Uniform sequences exclusively contained the native-like vowel (6 sung or spoken /gu/-
syllables). Varied sequences contrasted the non-native with the native-like vowel (6 sung or
spoken syllables in the order /gy-gu-gy-gu-gy-gu/, see Fig. 2). The speaker was instructed to
sing and speak both types of sequences as if an infant was present, in an engaging ID-like
manner, but without overt smiling in order to preserve vowel qualities. We chose one uniform
and one varied syllable sequence (2.45 s long) from the recordings per speech and singing
condition to construct the trial structure of the experiment (see Mattock et al., 2008). All
sequences were normalized in amplitude. Uniform sequences (i.e., exclusively /gu-gu-gu-gu-
gu-gu/) were repeated 10 times with a pause of 0.5 sec between sequences to form a non-
alternating trial (~ 30s total duration). An alternating trial consisted of the alternation of the
varied with the uniform sequence (in the order /gy-gu-gy-gu-gy-gu/ followed by /gu-gu-gu-gu-
gu-gu/) until 30s with, again, a 0.5s pause between sequences.

Acoustic variables (measured with PRAAT, Boersma & Weenink, 2019) of ID-like
speech and singing are displayed in Table 2. ID-like-speech and -singing stimuli displayed
typical pitch range differences observed in naturalistic interactions between parents and babies.
That is, overall pitch range was smaller in sung than in spoken stimuli (e.g., Tsang et al., 2017).
Mean inter-syllable interval and mean vowel duration were comparable in ID-like speech and
singing. Thus, we made sure that, in the test phase, infants were exposed to each vowel for an
equal amount of time in both conditions. As noted above, vowel duration variability (as
evidenced by higher SD, Table 2) was considerably higher in ID-like singing compared to
speech, due to the strong metric structure of song. Vowel quality was determined by measuring

the first two formants (F1, F2; see Table 2 for a summary) at the midpoint of each /u/ and /y/

15



Authors’ copy accepted MS — in press, Infancy (accepted Dec 2020)

vowel (using the Burgh algorithm combined with visual inspection in PRAAT). Quality of /u/
(i.e., F1 and F2) in uniform (F1: M = 394 Hz, SD= 22 Hz; F2: M= 922 Hz, SD= 57 Hz) vs.
varied sequences (F1: M =404 Hz, SD= 18 Hz; F2: M= 968 Hz, SD= 35 Hz) in either condition
did not significantly differ nor did quality of /u/ in speech vs. singing (see Fig. 1 and mean
values in Table 2). Vowel quality of /y/ was clearly different from /u/ (i.e., fronted articulation
of /y/, as indicated by a clearly higher second formant F2, see Fig. 1, and Table 2) in both

spoken and sung stimuli (Mann-Whitney, Z= 2.50, p =.009, in both conditions).

Procedure

Vowel discrimination was tested using the Preferential Listening with Alternating Trial
Procedure (Best & Jones, 1998), modeled on the protocol described by Mattock et al. (2008).
In the standard Alternating Trial Procedure, infants are familiarized with a single syllable /
sound. Sound discrimination is tested by presenting a single syllable that contains a sound (non-
alternating trial) on half of the trials, and in the remaining trials presenting two syllables in
alternation (alternating trial), one of which contains a novel sound. Infants’ longer looking times
to one of the trial types, typically the alternating trial, are interpreted as discrimination of the
sound contrast. Our novel manipulation consisted in presenting the syllables as sequences
grouped under an ID-like spoken or sung contour (see stimuli and Fig. 2).

Familiarization consisted of non-alternating sequences presenting only /gu/ syllables
with the native-like /u/ vowel sound in either the ID-like speech or the singing condition, until
30 cumulative seconds of listening time were accrued. Note that the order of /u/ in the
familiarization with a subsequent introduction of /y/ in the Test phase should make the task
more difficult for infants unfamiliar with German than the reverse order (e.g., Polka & Bohn,
2011). After Familiarization, the Test phase immediately started. Infants listened to four

alternating and four non-alternating trials (e.g., Alt, Non-Alt, Alt, Non-Alt, and so on). The trial
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type with which infants started the Test phase (alternating vs. non-alternating) was
counterbalanced across participants.

The experiment was run using E-Prime 2.0-SP2 software in an anechoic chamber.
Caregivers were wearing headphones playing sound-masking white noise throughout the
experiment while their infants were sitting on their lap. Infants faced a computer screen
displaying a colorful geometrical pattern. Loudspeakers were localized behind the screen. The
experimenter monitored infant gaze from outside the chamber, via a muted video-link with a
close-up camera and entered information about infant looking behavior by button press. Infant
looking time towards the screen was recorded as listening time for each trial. When the infant
looked away for more than 2 seconds, the trial was interrupted, and an attention getter (i.e., a
bright red expanding circle) appeared in the center of the screen; when the infant looked back

towards the screen, the next trial started.

Results

Statistical analyses were conducted using a 2 (Register: ID-like speech/singing) X 2
(Trial: familiar/novel vowel) mixed factorial Analysis of Variance (ANOVA) on listening time
per trial. As shown in Fig. 3, infants were able to discriminate the sound contrast. They were
listening considerably longer to the alternating trials containing the novel, non-native vowel
than to the non-alternating trials, with a large effect of Trial, F(1,22) = 11.48, p = .003, 5,° =
0.34. Neither the effect of Register, F(1,22) =0.149, p = .7, n,° = 0.007, nor the Register x Trial
interaction, F(1,22) = 0.654, p = .43, 5,° = 0.029, became significant, that is, discrimination
rates in the ID-like speech and -singing conditions were not statistically different. Overall, 18
(7 in the ID-like speech, 11 in ID-like singing condition) out of 24 infants showed a strong

preference for novelty (i.e., greater listening time during alternating trials).

Experiment 2
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Using the same design as in Experiment 1, Experiment 2 aimed to assess whether infants

at 8-10 months of age were still able to discriminate the vowel contrast used in Experiment 1.

Method
Participants

Twenty-four healthy and full-term 8 to 10 months old infants (M = 8.4 months, SD =
0.65) from monolingual Italian, predominantly white middle-class households from the Milano
region (Northern Italy) were randomly assigned to a Speech or Singing condition. The groups
were similar on key background variables including Exposure to singing (p = 0.68) and
maternal education (p = 0.75; see Table 3). Again, participant recruitment was guided by an
estimated sample size based on a Power analysis (ANOVA, 2 x 2 mixed factorial design) from
data of n=7 participants in each Register (i.e. ID-like speech/singing). Based on this preliminary
data, we found a large effect size, 5,° = 0.347, for the crucial within-between subject interaction
Trial x Register. The results provided by G*Power (with alpha = .05) suggested an overall

sample size of n=24, with a Power of .90.

Stimuli & Procedure, Ethics
The same stimuli, experimental setting, and ethics procedure were used as in

Experiment 1.

Results

Statistical analyses were conducted using a 2 (Register: ID-like speech/singing) X 2
(Trial: familiar / novel vowel) mixed factorial ANOVA on listening time during the trials. The
analysis revealed a significant moderate Register X Trial interaction, F(1, 22) =4.38, p = .048,
n,° = 0.166 (see Fig. 4), with non-significant main effects of both Trial, F(1, 22) = 3.44, p =

077, n,* = 0.135, and Register, F(1, 22) = 0.002, p = 0.96, 7,°< 0.001. Decomposing the
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interaction using planned t-tests showed that only infants listening to ID-like singing
discriminated between the novel and familiar vowel (ID-like singing: #11) =-2.81, p =.017, d
= 0.82; ID-like speech: #(11) = .17, p = .87, d = 0.049). As in Experiment 1, the majority of
infants (15 out of 24; 6 in the speech, 9 in the singing condition) showed a preference for novelty

(i.e., greater listening time during alternating trials).

Discussion

The first aim of the present study was to test whether infants in their first year of life
can discriminate speech sounds in stimuli featuring properties of ID-singing, a musical input
which plays an important role in early parent-infant interactions (Falk & Tsang, 2020; Malloch
& Trevarthen, 2009; Trehub & Gudmondsdottir, 2015). The second aim was to test whether
infants’ sound discrimination in sung stimuli would differ from stimuli featuring ID-speech
acoustics in the first or second half year of life. We presented a vowel contrast including a
familiar, native-like vs. a novel, non-native vowel in stimuli modeled after the melodic and
rhythmical structure of ecological ID-singing and ID-speech. Infants of two age groups listened
to the stimuli, one group in the first half of their first year of life, and one group in the second
half, in order to test potential effects of perceptual attunement (i.e., loss of non-native vowel
discrimination in the second half of the first year of life, see Tsuji & Cristia, 2014) on infants’
sound perception in both conditions.

As to our first aim, results revealed that infants in both age groups discriminated vowels
in ID-like singing. This finding adds to recent evidence (Francois et al., 2017; Lebedeva &
Kuhl, 2010; Snijders et al., 2020; Thiessen & Saffran, 2009) that infants do process speech
information, and more specifically speech sound information, in singing. As to the second aim,
we found differences in vowel discrimination between ID-like speech and singing depending
on age group. Consistently with the literature on vowel discrimination in speech (e.g., Tsuji &

Cristia, 2014), infants in the first half year of life discriminated the novel from the familiar
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vowel in both ID-like singing and ID-like speech. This result indicates that the acoustics of both
ID-like sung and spoken stimuli were appropriate for infants’ vowel sound processing.
Although some of the features were present that were previously found to decrease vowel
discrimination (Trainor & Desjardins, 2002), such as high pitch (particularly present in our
spoken stimuli) and discrete pitches (particularly present in our sung stimuli), infants in the
younger age group successfully discriminated the vowel contrast in both types of stimuli.

Older infants in their second half year of life, however, who typically are attuning to
native sounds (e.g., Kuhl et al., 2008), only discriminated the novel vowel in the sung, but not
in the spoken condition. For ID-like speech, this finding replicates the well-established
developmental pattern of non-native sound discrimination (Kuhl et al., 2008; Werker & Tees,
1984, 2005, amongst others). However, it does so with a new type of stimulus that was
acoustically more elaborate (i.e., possessing an intonational and rhythmic contour) compared
to monotone, isolated syllables typically used in similar tests on infants’ speech sound
discrimination (e.g., Kuhl et al., 2008). This finding may be useful to pave the way to new
studies employing more naturalistic stimuli, thus enhancing the ecological validity of infant
discrimination experiments. Importantly, the finding for ID-like singing reveals that infants can
discriminate novel speech sounds in sung stimuli even past the typical time window for non-
native sound discrimination in speech.

These results open interesting questions about the contribution of musical
characteristics to speech sound discrimination, and about potential processing differences
between ID-speech and ID-singing. First, we will address the question of which of the musical
ID-acoustics in the sung stimuli could have influenced the pattern of discrimination found in
both age groups. Second, potential underlying mechanisms of infants’ vowel sound perception
in ID-singing vs. ID-speech will be discussed.

Following the argument of Thiessen and Saffran (2009), some musical features

contained in our ID-like sung stimuli may have made the differences between vowels more
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available to infants’ discrimination, or at least have enhanced attending towards sung stimuli.
Similarly to many traditional and modern songs for babies and children, our ID-like sung
stimuli featured discrete pitch-syllable associations (1 syllable — 1 note) forming a simple
memorable melody. These one-to-one mappings which enhance redundancy of acoustic cues to
both verbal and musical structure (Thiessen & Saffran, 2009), have been reported to appeal to
infants and to enhance their processing of verbal information (see Francois et al., 2017).
Although our stimuli were composed of repeated syllables instead of words, it is a possibility
that the consistent mapping between melodic and syllabic structure has influenced infants’
perception of syllables and vowel sounds therein in both age groups.

Increasing musical experience may have facilitated older infants’ attending and
processing of musical features in the ID-like sung stimuli. As a result, the musical interval
structure and some rhythmic characteristics of our ID-like sung stimuli may have elicited the
interest of the older infants, in particular. As they become more proficient in processing musical
melodies, musical interval structure is more appealing to infants in their second half than in
their first half year of life (Schellenberg & Trehub, 1996; Trainor & Trehub, 1992; Trehub et
al., 1984).

Concerning rhythmic features, our ID-like sung stimuli displayed a clear metrical
pattern (a triple meter, as in a waltz rhythm) compared to the ID-like spoken stimuli (no specific
metrical pattern). Although infants can discriminate melodies with different metrical properties
from 4 months on (e.g., Soley & Hannon, 2010), only in their second half year of life do they
use metrical patterns in music and speech to efficiently process these sound sequences. For
example, from 7.5 months on, infants start relying on metrical syllable patterns to segment their
first words from continuous speech (e.g., Jusczyk et al., 1999). Stronger metrical structure in
musical sequences also enhances older infants’ perception of fine temporal and melodic

changes (Bergeson & Trehub, 2006; Trehub & Hannon, 2009). Future studies could further
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explore whether this perceptual advantage pertains to spectral changes in speech sounds
associated with a musical sequence.

In addition to these musical features, there are some other features that could have
contributed to infants’ vowel perception in ID-like singing. One novel vowel was presented in
a metrically strong position, which could have made this particular vowel more prominent and
easier to process for infants in ID-like singing compared to ID-like speech. Durations of vowel
sounds were also more variable in ID-like singing compared to ID-like speech, which could
potentially have attracted more attention. Note that both properties (metrical strength, higher
durational variability of syllables) are a consequence of the naturalistic metrical structure that
is typical of children’s playsongs (Trehub & Trainor, 1998). However, there were also several
naturalistic ID-speech characteristics in our stimuli such as higher pitch and larger pitch range
that infants usually prefer, even more so than durational aspects (Fernald & Kuhl, 1987;
Thiessen et al., 2005). As the present study was not designed to test the contribution of
individual acoustic features, and in the absence of a main effect of register in the experiments,
it remains an open question whether infants attended more to one specific property of the
stimuli. Future research will determine which exact combination of acoustic ID-characteristics
(including prominence, variability, pitch structure) most impact infants’ speech sound
perception in complex sung and spoken auditory stimuli.

Besides the account that infants’ speech sound discrimination in ID-singing is
influenced by musical features, an alternative suggestion is that infants process speech sounds
in singing differently than in speech. This idea is in line with context-dependent models of
infants’ speech perception, such as the framework for Processing Rich Information from
Multidimensional Interactive Representations (PRIMIR, Werker & Curtin, 2005) or the Parallel
Channels Model (PCM, Gall¢ & McMurray, 2014). These models postulate that infants use
different processing modes depending on their contextual needs, which may change, for

example, when infants start learning words in their native language (Stager & Werker, 1997,
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Werker & Curtin, 2005). The PCM model, in addition, proposes that, during development,
infants can use both an acoustically grounded perception mode and categorical perception in
parallel (Gall¢ & McMurray, 2014, based on Pisoni & Tash, 1974). Infants would co-improve
both modes constantly with age, but younger infants would rely more on the acoustic channel
than older infants (see McCarthy et al., 2019, for spectral vowel properties, and the discussion
in Mugitani et al., 2009, for vowel length properties).

Accordingly, the younger infants in our study may have been driven by an acoustic
approach to discriminate acoustical differences of vowels in both ID-like speech and singing
(e.g., relying on the acoustic energy structure of the vowels, see the NRV framework of Polka
& Bohn, 2011). Instead, the older infants - more heavily influenced by language experience -
may have started to rely more on language-specific vowel organisation in speech and may have
assimilated both vowels into the same native category for /u/ (see e.g., Kuhl et al., 2008).
However, in sung stimuli, they may have continued to discriminate the vowels similarly to the
younger age group, based on acoustic information and, potentially, initial auditory perceptual
biases (e.g., Polka & Bohn, 2011).

Such potential differences in processing modes could originate from differences in
familiarity and daily exposure to singing and speech (Bergelson et al., 2019; Trehub & Trainor,
1998) or from the development of different cognitive mechanisms and neural activations
underlying language and music processing (Angulo-Perkins & Concha, 2019; Best et al., 1982;
Dehaene-Lambertz et al., 2010). Finally, it is also possible that sung vowels, because of their
musical acoustics, are not perceived as a good fit to the phonological categories infants are
developing for speech, and therefore are processed differently from spoken vowels. These are
interesting issues to address in future studies aiming to disentangle these possibilities.

The present results reveal a longer discrimination window for older infants’ non-native
sound perception in ID-like singing compared to ID-like speech. This is consistent with the

finding that infants of this age are particularly interested in ID-singing in a foreign language
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(Tsang et al., 2017). It is unknown whether non-native sound perception is simply protracted in
ID-singing, or whether non-native sound discrimination will persist into later infancy or even
childhood. However, there is a suggestion that the latter hypothesis might be correct. Schon et
al. (2008) found that some aspects of speech perception in an artificial novel language were
facilitated in a sung context for both children and adults, compared to a spoken context. The
authors suggested that musical structure may play a facilitating role particularly at the very
early stages of acquiring a new language. Along similar lines, Lebedeva and Kuhl (2010)
concluded from their own study and other results obtained with older children (Calvert &
Billingsley, 1998), that there might be a phonetic advantage when encoding words from song
which could start developing as early as the first year of life.

It would also be highly relevant to test whether our finding for non-native sound
discrimination in singing generalizes to native vowel discrimination. Better native sound
discrimination in speech is associated with infants’ verbal production and comprehension
abilities 2 years later (Kuhl et al., 2005; Tsao et al., 2004). Therefore, future studies could assess
whether discrimination of native language sounds is equally enhanced in singing and whether
this is predictive of infants’ later language abilities. In addition, native vs. non-native sound
perception could be tested with different populations such as monolingual and bilingual infants.
Infants growing up or transitioning to a bilingual environment (e.g., in minority contexts or
migration) could particularly benefit from a longer time window for non-native sound
discrimination in ID-singing when learning novel or less familiar speech sounds from song.

One limitation of our study was that our stimuli were only modeled on the acoustics of
ecological stimuli (i.e., ID-/ike-speech and -singing). Thus, some acoustic differences between
naturalistic ID-speech and -singing were not present, such as generally longer vowels in singing
than speech (Tsang et al., 2017), or spectral differences in vowels caused by, for instance, more
smiling during ID-singing than ID-speech (Trehub et al., 2016). As infants may prefer these

features, at least at some period during the first year (e.g., Kitamura & Notley, 2009; Singh et
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al., 2002), naturalistic ID-singing could even be more attractive to them, which in turn could
impact vowel perception. Our stimuli also lacked the rich social, multisensory and emotional
experiences of live interaction, which enhance infants’ learning. For example, 9-month-olds
exposed to live interaction with adults are more able to learn non-native phonemes than infants
only exposed to audio-visual recordings (Kuhl et al., 2003). Active musical participation of
infants was also found to foster social and preverbal communicative skills compared to passive
musical experiences (Gerry et al., 2012). Hence, it is likely that ID-singing set in a social context
of engaging interaction would have a higher impact on infants’ abilities to perceive and
potentially learn new sounds from song.

The present study is a first step towards understanding the underlying mechanisms of
speech perception in ID-singing. More extensive testing with larger sample sizes, different
sounds, and different populations (e.g., older children, bilingual learners etc.) will shed light on
how infants perceive and potentially learn speech from song. For example, a future training
study could test long-term effects on infants’ phonological and phonetic learning from song and
the role of musical features therein. As recently shown in an infant training study, active music
lessons (including movement to songs) can improve infants’ temporal perception in both music
and speech (Zhao & Kuhl, 2016).

Finally, our findings enrich a growing body of research showing that music matters for
infants’ development. Musical stimulation can enhance infants’ physiological well-being (Van
der Heijden et al., 2016), facilitate prosocial behaviour, as well as arousal and affect regulation
(e.g., Cirelli et al., 2014; Mehr & Spelke, 2018; Trehub, Ghazban et al., 2015). In light of these
studies, ID-singing may be of particular relevance to early education and intervention programs.
One advantage of using ID-singing in such programs is its informal nature and its availability
in many spontaneous caregiving contexts without preparation or instrumental support.
Moreover, first results in this domain show that exposure to caregivers’ ID-singing may

contribute to generally strengthening the interweaving of music and language development with
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possible benefits for children’s first and second language learning (Forgeard et al., 2008;
Politimou et al., 2019). In conclusion, the results of this study open the door to a new generation

of research and future applications into the role of singing with infants to assist language

development.
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Tables & Figures

Table 1. Description of the participants’ sample in Experiment 1.

Speech Singing
N 12 12
Infant Gender 8F,4M 7F,5M
Mean age (SD) 4.8 (0.72) 4.6 (0.5)
Exposure to singing (SD)* 30.58 (4.07) 31.25 (3.54)
Maternal education (SD)** 15.17 (2.85) 13.83 (2.88)

*Exposure to singing score is derived from a subscale (questions 14-18) in the Music@Home

questionnaire (Politimou et al., 2018).

**Maternal education is measured in years of school education from primary school.
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Table 2. Acoustic features of speech and song stimuli. Mean and SD (in brackets).

Speech Singing
Pitch range (Hz) 176-517 285-414
Intersyllable interval (ms) 406 (27) 409 (20)
Vowel duration (ms) 220 (56) 224 (109)
F1 /u/ (Hz) 390 (60) 412 (56)
F2 /u/ (Hz) 909 (96) 985 (130)
F1 /y/ (Hz) 404 (113) 403 (90)
F2 /y/ (Hz) 2103 (67) 2166 (31)

45



Authors’ copy accepted MS — in press, Infancy (accepted Dec 2020)

Figure 1
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Figure 1: Mean first (F1, y-axis) and second (F2, x-axis) formant values of the vowels /y/ and
/u/ used in the experiment (light grey square: song; dark grey diamond: speech), in relation to
reference values (black triangles, adopted from Fig.4 in Savy & Cutugno, 1997) for /u/ and
other nearby vowel categories in conversational Italian of female speakers in Northern Italy

(Lombardia) showing the median and 1 SD ellipsis for each vowel category.
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Figure 2
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Figure 2: Pitch (Hz, lines) and duration (s, squares) of vowels in varied ID-like speech (black)
and song (grey) syllable sequence. Pitch contours were smoothed to give a clearer view of the
overall contour. Bold squares indicate metrically strong vowels in the song condition. Note that
the duration of the final syllables in both ID-like speech and song is lengthened due to its phrase-

final position.
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Figure 3. Four-to-six-month-old infants’ mean listening times (sec) during non-alternating
sequences (familiar vowel only) and alternating sequences (including novel vowel) presented

in speech and song contexts. Error bars show the Standard Error of the mean.
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Table 3. Description of the participants’ sample in Experiment 2.

Speech Singing
N 12 12
Gender 6F,6 M 6F,6 M
Mean age (SD) 8(0.27) 8.7 (0.72)
Exposure to singing (SD)* 28.25 (4.88) 29 (4.32)
Maternal education (SD)** 14.83 (2.69) 15.17 (2.69)

*Exposure to singing score is derived from a subscale (questions 14-18) in the Music@Home
questionnaire (Politimou et al., 2018).

**Maternal education is measured in years of school education from primary school.
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Figure 4
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Figure 4. Eight to ten months old infants’ mean listening times (sec) during non-alternating

(familiar vowel) and alternating sequences (including novel vowel) presented in speech and

song contexts. Error bars show the Standard Error of the mean.
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