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Chapter 1

General introduction



CHAPTER 1

“Children need art and stories and poems and music as much as they
need love and food and fresh air and play.”
Philipp Pulmann

Parents and caregivers all over the world make use of language play in the form of
VRQJV QXUVHU\ UK\PHV ERXQFLQJ JDPHV DQG 4QJHU SOD\V

%RXUVFKHLGW 6WHUQ 7TKHVH LQWXLWLYH DQG UL
verbal behaviour contribute to social cohesion and attachment (Dissanayake,
ODUNRYD DV ZHOO DV HPRWLRQ UHJXODWLRQ &LUL
&RUEHLO 7UHKXE SHUHW] OHKU 6RQJ 6SHON
Ghazban, & Corbeil, 2015). With regards to infant-caregiver interaction, poetic
ODQJXDJH SOD\ LV HYHU SUHVHQW DV ZHOO ODUNRYD 6W

infants are exposed to singing and spoken nursery rhymes from their caregivers,
e.g., during diaper change or bath time, prior to meals or before being put to bed
-ODUL OHKU 7UHKXE HW DO

/IDQJXDJH SOD\ ZLWK LQIDQWYV VHUYHV VSHFL4F FRPPXQLFDWL
more vivid and dynamic renditions of songs (so called playsongs) arouse infants,
while lullabies, sung rather quietly, with low pitch and slow tempo, calm them

GRZQ &LUHOOL -XUHZLF] 7TUHKXE /IXOODELHV LQ SD
FURVV FXOWXUDOO\ DQG UHSUHVHQW D VSHFL4F VRQJ JHQUF
UHODWLRQVKLS OHKU 6LQJK <RUN *ORZDENL .UDVQRZ

are captivated by language play. Slow and rhythmic songs and spoken nursery
rhymes, typically produced with a smiling and loving tone of voice, attract long

JD]JHV E\ LQIDQW OLVWHQHUV /HRQJ %\UQH HW DO 7VI
DQG GHOD\ LQIDQW GLVWUHVV &RUEHLO HW DO 7UHKXE
FRUWLVRO 6KHQ4HOG HW DO DQG R[\WRFLQ OHYHOV OI

caregiver and infant-listeners, hormones typically associated with arousal and
social engagement.

This dissertation extends the previous research focus on the social-emotional

HeHFW Rl RUDO ODQJXDJH SOD\ EHWZHHQ LQIDQWY DQG FDUHJ
perspective. The main research question was whether infants perceive the prosodic-

phonological sound patterns provided in oral language play. These processing

abilities in oral language play were then associated with concurrent and later

vocabulary size. If found, such associations could imply that infants’ processing of

language play might support everyday speech processing and acquisition.
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with language development

;K\ VKRXOG SRHWLF ODQJXDJH SOD\ VXSSRUW 4UVW OD
LQIDQWV" 3RHWU\ DQG ODQJXDJH DUH QDWXUDOO\ WLJKWO\
“The linguistic sames which are potentially relevant in poetry are just those which

are potentially relevant in grammar. [...] The intrinsic structure of language, the

ubz PDWHULDO RI SRHWU\ LV FDUULHG RYHU LQWR SRHWU\
VSHFL4FDOO\ SKRQRORJLFDO UXOHV DQG FRQVWUDLQWV RI
GLVUHJIJDUGHG LQ SRHWU\ )D E Bevelopm&nt RySdtedisGthé/ fiirbh

of literary language and the rules and constraints which hold of it are developments

Rl WKH IRUP UXOHV DQG FRQVWUDLQWY RI RUGLQDU\ ODQJXD
research into the role of poetic oral language play in infants’ acquisition of their

native language is sparse. This is in stark contrast with second language teaching,

where songs and spoken nursery rhymes are common and extensively studied with

UHVSHFW WR WKHLU UROH LQ YRFDEXODU\ DFTXLVLWLRQ %HE
'DYLV (QJK OD )LYHDVK O0DUJXOLV %HKUHQG 7TKRPS

Detecting sound patterns in language play and its relationship -

Oral language play is a clearly structured type of auditory stimulus, which could

support infants’ perception of linguistic patterns therein. Verse lines and melodic

SKUDVHYV SURYLGH D VFD*ROG IRU ZRUGYV DQG UK\PHV ZKLOH
between successive lines of each verse. Caregivers highlight this hierarchical

structure in their renditions of language play using a multitude of kinetic, visual and

auditory cues (see https://esforum.de/sfr10/trehub.html, section “chapter 18" by

Trehub (2013) for an example video). Especially the rhythmic and phrasal structure

of songs and nursery rhymes is made salient in infant-directed renditions of oral

ODQJXDJH SOD\ )RU H[DPSOH FDUHJLYHUVY UHOLDEO\ GL*HUF
minor beats in their singing and produce longer notes and pauses at song phrase

ERXQGDULHV /RQJKL 1IDNDWD 7UHKXE ZKLOH EHL
the dynamics of their expression (Nakata & Trehub, 2011). Caregivers also make

use of soft rhythmic bouncing or head-nodding to highlight rhythmic structure

during singing (Cirelli et al., 2018). During renditions of rhyming poems and stories

to preschoolers, they also alter their speech intensity and word duration to express

YDULDWLRQV LQ PHWULFDO VWUXFWXUH DQG UK\PH SUHGLFW
%UHHQ 7KLY VDOLHQW UK\WKPLF VFD*ROG RI RUDO ODQ
infants with a means to track linguistic regularities embedded within songs and

nursery rhymes, the research question of this dissertation.

The current dissertation aims to answer the question of whether infants perceive
sound patterns in oral language play, namely rhymes, rhythm and phrase
boundaries. Recognizing the rhyme-relationship between words is a predictor



10

CHAPTER 1

for the development of reading and writing. Here we entertain the idea that oral

ODQJXDJH SOD\ GXULQJ LQIDQF\ DOUHDG\ DOORZV IRU D 4UV
ZKLFK PLIJKW EHQH4W LQIDQWYV LQ VWUXFWXULQJ WKHLU PHQ\
later explicit rhyme judgments. Phrasal and rhythmic cues in speech provide

LQIDQWYV ZLWK D KLQW WRZDUGV WKH XQGHUO\LQJ OLQJIXL\
intonational phrases indicate which words form a syntactic group and rhythm

DOORZV WR GL*HUHQWLDWH VWUHVVHG IURP XQVWUHVVHG V\
boundaries. Potentially, the sound patterns of rhythm, rhymes and phrase

boundaries are also recognized in oral language play. This processing ability

would provide infants with an additional source of linguistic learning alongside

the speech input they receive outside of playful contexts.

6HFRQGDU\ UHVHDUFK TXHVWLRQV SHUWDLQ WR L D SURFH
play compared to everyday infant-directed speech. The clear acoustic structure
that is provided in oral language play might make recognition of sound patterns
therein easier than in everyday speech and previous studies indeed suggest
linguistic processing might be boosted in such an enriched context. Another
research question ii) refers to a relationship between phonological processing
abilities for language play and vocabulary size. Recently, a number of studies
suggested a promising link between informal caregiver language play and infants’

DQG WRGGOHUV ODQJXDJH GHYHORSPHQW )UDQFR 6XWWRU

B3ROLWLPRX 6XSSDQHQ +XRWLODLQHQ <OLQHQ
JRU H[DPSOH LQIDQWY ZKR UHFHLYHG PRUH VXQJ LQS

PRQWKYV RI OLIH KDYH ODUJHU YRFDEXODULHV DW PRQWKYV F
current dissertation extends this research, by linking gains in lexical development

YRFDEXODU\ VLIH ZLWK WKH GHWHFWLRQ RI VSHFL4F SKRQR
oral language play, namely rhyme and rhythm.

Sound patterns in oral language play

2UDO ODQJXDJH SOD\ LV D VXEFRPSRQHQW RI SRHWU\ -DNRE\
the present dissertation it could be summarized as “children’s lore, used by and

IRU FKLOGUHQ 2SLH 2SLH -XVW OLNH RWKHU SRHWLF J
contains prototypic stylistic features which determine their acoustic shape (Burling,
2SLH 2SLH 5XELQ 6XOO0OLYDQ -W LV VWUX

and verses with a regular number of syllables, which carry a simple rhythm and

often rhyme. In its sung form, arch shaped melodic contours are dominant (Huron,

2006). The prototypic structure of songs and nursery rhymes probably eases their

memorization (Rubin, 1995) and production (Tierney, Russo, & Patel, 2011), which

in turn supports the transmission of oral language play from one generation of

FKLOGUHQ DQG FDUHJLYHUV WR WKH QH[W 'H&DVWUR $UUD]RO!
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7KH SUHVHQW GLVVHUWDWLRQ FRQFHUQV LQIDQWYV 4UVW OD
the poetic genres of interest here are the ones typically used with preverbal
LQIDQWYV QDPHO\ FKLOG VRQJV DQG VSRNHQ QXUVHU\
2018). A song can be understood as a text set onto a tune. It consists of melodies

DQG UK\WKPV VXQJ WR D VWHDG\ EHDW /RPDJ[ 6DYDJH %
2015) and can be found universally, across the world’s cultures (Mehr et al., 2019,

2018). The merge of lyrics and melody in songs happens in a non-arbitrary way.

JRU H[DPSOH WKHUH LV D FRPPRQ WHQGHQF\ LQ :HVWHUQ F
stressed syllables at stressed metrical positions in the melody (DeCastro-Arrazola,

.UDQHQEXUJ -DQVVHQ 'HOO  +IiGedythymeis oft?rtK H WHU P

used interchangeably with child songs (Oxford Learners Dictionairy, 2021). This

dissertation will only concern spoken nursery rhymes and we will refer to their

sung versions as (child) songs. Nursery rhymes have the same stylistic features as

VRQJV ZLWK YHUVH VWUXFWXUH UK\PH UHJXODU PHWHU EX!
melody (Lerdahl, 2001). The sound patterns inherent to nursery rhymes and songs

that are of relevance for this dissertation are rhyme, rhythm, meter, melodic

phrases and their corresponding poetic unit verse OLQHV VHH )LJIJXUH IRU D
Each of these sound patterns will now be discussed in more detail.

Figure 1.1 Example of the beginning of a proto-typical child song. Stressed beats and syllables indicated
ZLWK EODFN GRWV XQGHU WKH WH[W OLQH 4QDO UK\PH KLJKOLJKWHG ZLWK E
indicated with horizontal brackets on top of the musical notes.

Verse lines are a rather large structural unit in poetry (indicated with horizontal

OLQHV LQ )LIXUH %HLQJ D VXEFRPSRQHQW RI HDFK YHUV
be considered carrier chunks for smaller poetic units like words, rhymes and

alliteration. Verse lines are imposed on linguistic or melodic phrase structure (B.

+D\HV .DXQ /IHKUGDKO -DFNHQGR- ZKLFK LQ WKH |
1.1 are aligned. The phrase structure of oral language play thus often resembles
VIQWDFWLF VWUXFWXUH VHH IXUWKHU FKDSWHU JRU LQID

verse lines and melodic phrases might be a steppingstone into parsing of their
native language. This possibility is further explored in chapter 2 of this dissertation,
where we provide evidence for 6-month-olds’ segmentation of infant-directed
song and speech into phrases.

11
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Rhythm can be considered a “series of temporal intervals” with no inherent
VWUXFWXUH +DQQRQ -RKQVRQ -Q WKH H[DPSOH VRQJ
is conveyed by the length of each musical note, i.e., 6 quarter-notes and 1 longer
half-note at the end of each melodic phrase. Meter, in turn, denotes an abstract
temporal structure, with multiple hierarchical layers, that listeners impose on a
UK\WKP -Q SRHWU\ PHWHU UHIHUV WR WKH SDWWHUQ RI D 4
XQVWUHVVHG VIOODEOHYV ODLG RQ WRS RI HDFK YHUVH OLQH
5XELQ 6HONLUN 6WUHVVHG DQG XQVWUHVVHG V\
SURVRGLF IHHW D UHSHDWLQJ UK\WKPLF XQLW % +D\HV
In a song or melody, one salient level of meter is represented by the beat, i.e. the
QRWH OLVWHQHUV ZRXOG WDS WKHLU 4QJHUV WR +DQQRQ 1
-Q WKH H[DPSOH LQ )LIJXUH SRHWLF DQG PHORGLF PHWHU
stressed syllables in the lyrics coincide with prominent beats in the melody. This
parallelism is indicated by dots beneath the lyrics. Meter in poetry tightly interacts
with prosodic-phonological features and phrasing of natural languages (Hanson
.LSDUVN\ % +D\HV .HOO\ 5XELQ %\ UHF
metrical structure in nursery rhymes and songs, infants might thus get a hint
onto the rhythmic-prosodic structure of their native language, for example with
regards to stress-based word segmentation (Snijders et al., 2020). In chapters 5
and 6 metrical rhyming verse (spoken nursery rhymes) will be used to investigate
ZKHWKHU DGXOW DQG LQIDQW OLVWHQHUV EHQH4W IURP D U
perception and their neural alignment with the rhythm of speech.

Rhyme UHIHUV WR SKRQRORJLFDO LGHQWLW\ RI VXEVWULQJV R
6WDOOZRUWK\ 7KH UHFXUULQJ SKRQRORJLFDO PDWHUL!
in child songs and nursery rhymes, although it can also be found line-initially or

OLQH LQWHUQDOO\ 7KLV GLVVHUWDWLRQ ZLOO RQO\ FRQFHU
PRVW SUHYDOHQW LQ :HVW *HUPDQLF ODQJXDJHV 3HXVW
OLQH 4QDO UK\PH LV LQGLFDWHG L Qbd (fores dypriedwithH FWDQJOH
los OHW ORRVH ORUH VSHFL4FDOO\ WKH FRPELQB®LRQ RI V\C
is repeated across verse lines. This combination of syllable nucleus and coda in

phonological theory is commonly referred to as the rime unit (Treiman, 1983).

Here we will avoid the term rime where possible to avoid confusion with rhyme.
The meta-linguistic ability to segment syllable onsets from rimes, thus b and | from
the rime -os LQ WKH UK\PH H[DPSOH LQ )LJXUH LV RI SURIRXQ

the development of literacy (Ziegler & Goswami, 2005). Rhyme awareness enables

FKLOGUHQ WR UH5HFW RQ WKH SKRQRORJLFDO VWUXFWXUH R
their reading and spelling. The ability to recognize rhyming words develops

during preschool years (Vloedgraven & Verhoeven, 2007) and previous research

considered oral language play during early childhood as an informal contributor to
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the early precursors of rhyme awareness (Bryant, Bradley, MacLean, & Crossland,

'XQVW OHWHU +DPE\ ODF/HDQ %U\DQW % e
current dissertation, we apply this hypothesis to even younger children, namely 1

preverbal infants. In chapters 3, 4, 5 and 6 infants’ (and adults’) implicit perception
of rhyme in songs and nursery rhymes is studied.

Together, rhyme, rhythm, meter and verse lines let listeners perceive poetry as

globally homogeneous auditory objects, resulting in a perceptual prevalence of

SKRQRORJLFDO SURVRGLF IRUP RYHU VHPDQWLF FRQWHQW -

Menninghaus et al., 2015a). The focus on form over semantic content renders

oral language play ubiquitous in interactions with pre-verbal infants. Crucially, oral

ODQJXDJH SOD\ LQ DJLYHQ ODQJXDJH DPSOL4HV SKRQRORJLFD(

Rl WKH UHVSHFWLYH ODQJXDJH EXW DOVR UHVHPEOHV FURVV(
)DEE JRU LQIDQWYV WKHUH LV WKXV SRWHQWLDOO\ D OR

play, about language in general and about their native language in particular. Yet,

our knowledge about whether and how infants process linguistic information in

language play is sparse. It also remains unclear whether phonological and prosodic

processing of language play is indicative of concurrent and later linguistic abilities.

This dissertation reports evidence for infants’ perception of phrasal (verse line)

structure in song and speech (chapter 2) and rhythm and rhyme perception in

nursery rhymes and songs (chapters 3, 4 and 6). The latter results are extended

with data from an adult study (chapter 5), where listeners passively listened to

QXUVHU\ UK\PH VWLPXOL WR DVVHVV ZKHWKHU UHJXODU PHWE}

rhyme perception in poetry. In addition to these experimental results, we relate

RXU 4QGLQJV WR FRQFXUUHQW DQG IXWXUH YRFDEXODU\ VL]l

contribution of oral language play to infants’ language development.

Methodological considerations
Stimuli

Throughout the studies reported here, naturalistic song and nursery rhyme

VWLPXOL ZHUH HPSOR\HG 7KLV VWUHQJWKHQV WKH HFRORJI
and extends previous research, which used rather simplistic and impoverished

song stimuli (see introductions to chapters 2, 3 and 4). In chapters 2, 3 and 4

song stimuli were used. The songs used in chapter 2 were created in parallel to

WKH VSHHFK VWLPXOL IURP D SUHYLRXV VWXG\ -RKQVRQ 6H
typical child songs in their melodic structure, with arch-shaped melodic contours

and salient pauses between successive melodic phrases. Chapters 3 and 4 feature

a collection of novel songs with lyrics in nonsense Dutch made of phonologically

legal pseudowords. The usage of nonsense Dutch facilitated song creation and

13
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granted more control over, for example, lexical frequency of syllable rimes used
within the critical words in the song lyrics (i.e., rhyming versus non-rhyming line-
4QDO SVHXGRZRUGY VHH UHVSHFWLYH FKDSWHUV IRU GHWDL!
nursery rhymes were used. The switch to another genre of language play was
motivated by previous research on prosodic-phonological cues present in rhythmic
infant-directed speech (Leong & Goswami, 2015) and the interaction of rhyme and
meter in adults’ perception of poetry (Obermeier et al., 2016). Our nursery rhyme
stimuli had a typical 4-line structure, regular iambic meter and monosyllabic
rhyming words at the end of each verse line (Burling, 1966). Since the stimuli were
used with both adult (chapter 5) and infant participants (chapter 6), regular Dutch
lyrics were created for each nursery rhyme, instead of the nonsense-Dutch used in
some of the song stimuli. Nevertheless, the critical target words at the end of each
verse line were pseudowords, again to facilitate stimulus creation.

Age groups studied

Chapters 2, 3, 4 and 6 are based on data from monolingual Dutch infants. In

chapters 2 and 3, 6- and 9-month-old infants were tested in accordance with

SUHYLRXV UHVHDUFK DVVHVVLQJ WKH VDPH FDSDFLW\ LQ VS
6HLGO -XVF]J\N *RRGPDQ %DXPDQQ JRU FKDSWHU
older infants were tested, 10.5-month-olds. This age group was sampled in an

DWWHPSW WR JDLQ PRUH UREXVW HeHFWV WKDQ LQ D SUHYLR>
in accordance with previous research testing similar processing abilities in spoken

ODQJXDJH -XQJH &XWOHU +DJRRUW -XQJH .RRLMPDQ
.RRLMPDQ +DJRRUW &XWOHU .RRLMPDQ -XQJH -RKQV
2013). Chapter 5 features data from an adult study, while using the exact same

nursery rhyme stimuli as in the infant study reported in chapter 6. This allows for

a comparison between mature and developing neurophysiological correlates of

rhyme and rhythm processing.

Methods

The current set of studies resembles a combination of behavioural and

neurophysiological methods supplemented with parental questionnaires about

infants’ vocabulary size. Chapters 2 and 3 make use of the Headturn Preference

Procedure (HPP), which measures infants’ listening preferences to two types of

acoustic stimuli. This method requires an explicit response (headturn) by the infant

OLVWHQHU DV LW PHDVXUHV ORRNLQJ WLPHV IRU GL*HUHQW \
from one side of a testing booth. Developing processing abilities however, are not

always visible in overt behavior such has head-turns. Moreover, the underlying

WLPH FRXUVH RI VWLPXOXV SURFHVVLQJ UHPDLQV REOLTXH .|
2008). Therefore, the subsequent studies employed electroencephalography

14‘
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(EEG). This passive measure requires no kinetic response by the infant and allows
for more detailed investigations into the time course of auditory perception.
In chapters 4, 5 and 6, event-related-potentials (ERPs) for rhyming versus non-
rhyming pseudowords in songs and nursery rhymes were collected from infants
(chapters 4 and 6) and adults (chapter 5) and previous ERP studies on infant
word segmentation were used as roadmap for the design of these studies

-XQJH HW DO .RRLMPDQ HW DO 7ZR W\SH
were investigated: rhyme sensitivity and rhyme repetition. Rhyme sensitivity was

PHDVXUHG DW WKH 4UVW SRLQW RI GLYHUVLRQ EHWZHHQ UK\P
QXUVHU\ UK\PHV L H ZKHUH WKH UK\PH LV UHSHDWHG IRU \
EXW QRW LQ QRQ UK\PLQJ VWLPXOL 7KH UK\PH UHSHWLWLRC(
the averaged response to rhymes occurring at the end of the remaining phrases
of the song or nursery rhyme. The rhyme repetition measure rendered a more
reliable estimate of rhyme perception (see chapter 3 for detail), and was therefore

FRUUHODWHG ZLWK LQIDQW YRFDEXODU\ VLIH DJDLQ IROORZL
&XWOHU -XQJH HW DO

In addition to ERPs, an EEG measure of neural synchrony was analyzed as well.

Recent advances in cognitive neuroscience indicate that speech rhythm is mirrored

in neural activity, as phonological units such as phrases, stress, syllables and

SKRQHPHVY HDFK RFFXUULQJ DW GL*HUHQW WLPH VFDOHV ZL
DUH UHS5HFWHG LQ QHXUDO DFWLYLW\ LQ VSHFL4F RVFLOODW
3RHSSHO 2EOHVHU .D\VHU 3HHOOH 'DYLV 7
between speech and brain rhythms might be particularly strong for rhythmic

infant-directed speech (Leong & Goswami, 2015), the type of stimulus nursery

rhymes provide. In chapter 6 infant speech-brain coherence (SBC) was employed

as an EEG index for synchrony between infants’ brain oscillations and the speech

DPSOLWXGH HQYHORSH 6SHFL4FDOO\ 6%& ZDV PHDVXUHG IR
UK\WKP RI VSRNHQ QXUVHU\ UK\PHV WR LQIHU ZKHWKHU WKHV
infants’ cortical activity. Infants’ cortical tracking of the stress- and syllable rhythm

was then again related to their vocabulary size. Assessing coherence between

speech and infants’ neural activity resembles a relatively novel measure and few

previous studies report on rhythmic cortical tracking in infants (Choi, Batterink,

%ODFN 3DOOHU HUNHU -HVVHQ )LHGOHU 0%QWH 2EC
3HWHU 'L /LEHUWR /DORU % XUQKDP /IDQJ 2WW *LXG
OHQQ HW DO 2UWL] %DUDMDYV *XHYDUD *HUYDLQ €

Estimates of infants’ vocabulary size were obtained from parental questionnaires
and were linked to infants’ perception of rhyme and rhythm in language play.
Previous research has established a strong link between early phonological and

15
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prosodic processing abilities and later general linguistic development (for review

VHH &ULVWLD 6HLGO -XQJH 6RGHUVWURP +DJRRUW
2021). So far, such a relationship has been solely established for processing of (ID)-

speech. The current dissertation extends this research base to another domain of
infant-caregiver communication, namely oral language play.

Research questions and dissertation outline

Chapter 2 reports the results of a HPP study investigating whether infants

segment songs into phrasal units. The study is a replication and extension of

SUHYLRXV VWXGLHYVY -RKQVRQ 6HLGO 1D]]JL .HPOHU 1HO
2000), which attested phrasal segmentation in the speech domain. Chapter 3

asks whether infants are sensitive to rhymes in child songs, again using the

HPP. In chapter 4, infants’ early rhyme sensitivity will be studied again, now in

a passive listening EEG paradigm using the same song stimuli as in chapter 3.
-QGLYLGXDO GL*HUHQFHV LQ UK\PH SHUFHSWLRQ ZLOO EH UHC
vocabulary size in order to test for an early relationship between the precursors of

phonological awareness (as indexed by the rhyme ERPs) and lexical development.

Chapter 5 investigates ZKHWKHU UHJXODU PHWHU LQ5XHQFHV DGXOV
rhyme perception in poetry (nursery rhymes) using a passive-listening EEG

paradigm. Chapter 6 features the same nursery rhyme stimuli used in chapter

5, to ask whether infants’ oscillatory activity follows the stress rhythm of

nursery rhymes. Moreover, implicit rhyme perception in poetry reported in

the previous chapters will be replicated. In  chapter 7 WKH PDLQ 4QGLQJV RI WKL
dissertation are summarized and discussed.
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Chapter 2

Six-month-old infants recognize
phrases in song and speech

7KLV FKDSWHU LV D VOLJKWO\ PRGL4HG YHUVLRQ RI +DKQ /
0 JLNNHUW 3 6L PRQWK ROG LQIDQWYV UHFRJQL]H SKUD
Infancy.25(5):699-718.

Data, materials and analysis scripts for this study are available at:
https://osf.io/l4zvad
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Abstract

Infants exploit acoustic boundaries to perceptually organize phrases in speech. This

SURVRGLF SDUVLQJ DELOLW\ LV ZHOO DWWHVWHG 1D]]L HW DO
is a cornerstone to the development of speech perception and grammar. However,

infants also receive linguistic input in child songs. This study provides evidence that

infants parse songs into meaningful phrasal units and replicates previous research

for speech. Six-month-old Dutch infants (n = 80) were tested in the song or speech

PRGDOLW\ LQ WKH +HDGWXUQ 3UHIHUHQFH 3URFHGXUH )LUVW
two versions of the same word sequence: one version represented a well-formed

unit, the other contained a phrase boundary halfway through. At test, infants

were presented two passages, each containing one version of the familiarized

sequence. The results for speech replicated the previously observed preference for

WKH SDVVDJH FRQWDLQLQJ WKH ZHOO IRUPHG VHTXHQFH EXW
analysis. The preference for well-formed phrases was also observed in the song

modality, indicating that infants recognize phrase structure in song. There were

DFRXVWLF GL*HUHQFHVY EHWZHHQ VWLPXOL RI WKH FXUUHQW DQ
WKDW LQIDQWY DUH 5H[LEOH LQ WKHLU SURFHVVLQJ RI ERXQGL
SRVVLEOH H[SODQDWLRQ IRU GL*HUHQFHV LQ HeHFW VL]HV
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Introduction

Across the globe, caregivers sing for their infants (Trehub & Trainor, 1998). Infant-
directed (ID) song has a universal acoustic shape (Mehr et al., 2019) and is a
distinct communicative modality that is recognized across cultures (Mehr et al.,

TUHKXE B8Q\N 7UDLQRU D <RXQJ FKLOGUHQ D-
KLIJIKO\ ULWXDOL]HG DQG UHSHWLWLYH IDVKLRQ %HUJH
-RKQVRQ *UHHQ &XVWRGHUR 5HEHOOR %ULWWR %URRN
and ID-song clearly serves social-emotional functions: to soothe or  stimulate the
LQIDQW DQG WR VWUHQJIJWKHQ WKH ERQG EHWZHHQ FDUHJLYHL
&RUEHLO HW DO 6KHQ4HOG HW DO

Yet, songs often contain language in the song lyrics and thereby entail the

possibility of language learning for the infant listener. Previous research provides

evidence that infants are sensitive to small phonological units like syllables and

ZRUGV LQ VRQJ O\WLFV IRU H[DPSOH DOUHDG\ EHIRUH WK
UHFRJQL]H FKDQJHV LQ WKH VIOODEOH RUGHU LQ VRQJV )UDC
.XKO 6XSSDQHQ HW DO 7TKLHVVHQ 6DIIUDQ

E HW Z Hhiyir@ing and non-rhyming songs (chapter ), and learn novel words

recurringin WKH VRQJ O\WULFV 6QLMGHUV %HQGHUYV JLNNHUW

Language learning, however, entails more than the recognition of single syllables
or words. Infants also need to establish hierarchical relationships between smaller
units of an utterance. One way for infants to deduce syntactic structure from
the input is to tune into phrasal prosody (the melody and rhythm of speech),
as boundaries between prosodic constituents typically overlap with boundaries
between syntactic constituents (even though the reverse is not always true)
1HVSRU 9RJHO 6KDWWXFN +XIQDJHO 7XUN 6SHDN
boundaries by altering prosodic cues like pitch, duration and pauses at constituent
edges (Wagner & Watson, 2010). Recognizing these prosodic cues in their input
aids infants in determining the edges of syntactic constituents (e.g., de Carvalho,
'DXWULFKH &KULVWRSKH +DZWKRUQH *HUNHQ D C
morpho-syntactic development (Morgan & Demuth, 1996). The current study
asks whether infants also exploit the melodic phrase structure of ID-songs to
perceptually organize the linguistic input in songs.

Infants’ recognition of phrase structure in speech and song

2YHU WKH FRXUVH RI WKH 4UVW \HDU RI OLIH LQIDQWY GHYHOF
Rl SURVRGLF ERXQGDULHYVY LQ WKHLU QDWLYH ODQJXDJH -RKQ
+RO]JJUHIH 7UXFNHQEURGW :DUWHQEXUJHU +,KOH )R
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DGXOWV WKH SURVRGLF SDFNDJLQJ RI VSHHFK SURYLGHV D
al., 1992) that eases recognition, segmentation and memorization of linguistic

HOHPHQWV )UD]JLHU &DUOVRQ &OLIWRQ +RFKPDQQ /L
-RKQVRQ 6HLGO 7\0OHU O0DQGHO -XVF]\N .HPOHU 1H
-RKQVRQ 6KXNOD :KLWH $VOLQ

To date it is not known whether infants also recognize phrasal units of caregiver

singing. However, many acoustic cues to phrase structure are the same in melodies

DQG VSHHFK 'HXWVFK )HURH +H*QHU 60OHYF /HKUC
5LHPDQQ 7UDLQRU $GDPV DQG SURVRGLF SKUD

is not bound to the listeners' native language or spoken modality: English-speaking

adults do segment words from unfamiliar languages if these words are placed at

SURVRGLF SKUDVH ERXQGDULHV (QGUHVV +DXVHU /IDQJ

Nespor, 2012) and American-English infants can exploit the prosody of non-native

ODQJXDJHV HJ -DSDQHVH +DZWKRUQH OD]XND *HUNHQ

2003) and even American Sign Language (Brentari, Gonzalez, Seidl, & Wilbur, 2010),

to recognize phrases. This combination of observations informs the hypothesis

that infants might also be able to perceptually organize songs into phrases.

9DULRXV DVSHFWV RI ="' VLQJLQJ PD\ EH SDUWLFXODUO\ EHQH
of phrasal song structure: ID-songs have a predictable canonical form (Mehr et al.,
2019) and are produced at a rather slow tempo, with multiple visual and auditory

FXHV WR SKUDVDO ERXQGDULHYV 'HODYHQQH *UDWLHU 'HY
/IHRQJ *RVZDPL /IRQJIKL DQG ZLWK SDUWLFXODU
ERXQGDU\ FXHV )DON .HOOR 7UDLQRU &ODUN +XQWOH

thus provide infants with ample time to process an acoustic stimulus that is rich

LQ VWUXFWXUDO FXHV ORUHRYHU VRQJV JUDE LQIDQWYVY DWW
-'" VSHHFK &RUEHLO 7UHKXE SHUHW] &RVWD *LRPL
IDNDWD 7UHKXE 7VDQJ HW DO

The arguments provided so far all suggest that infants might be able to parse phrasal
XQLWV IURP -' VRQJ <HW WKHUH DUH DOVR GL*HUHQFHV LQ
of boundary cues between song and speech (see e.g., references in Merrill et al.,

JRU LQIDQWYV WR UHFRJQL]H SKUDVH VWUXFWXUH LQ VRQ.
representations of phrase boundaries which adjust to the song modality. So far, the
DYDLODEOH OLWHUDWXUH GRHVY QRW SURYLGH FRQFOXVLYH HY

Investigating infants' ability to recognize phrase structure in songs is also relevant
in light of recent evidence that the recognition of phrasal structure in linguistic
or musical play is related to grammar development in typically developing
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SUHVFKRROHUY 3ROLWLPRX 'DOOD %HOOD )DUUXJLD JUDC
developmental language disorder (Richards & Goswami, 2019). As prosodic
parsing is a pre-cursor to syntactic development (Morgan & Demuth, 1996), these
studies raise the possibility that caregivers’ language play, including ID-singing,
contributes to the development of prosodic parsing. However, the work suggesting 2
a relationship between phrase perception and grammar development focused on

SUH VFKRRO FKLOGUHQ 3ROLWLPRX HW DO S5LFKDUGYV
SURVRGLF SDUVLQJ DOUHDG\ GHYHORSYVY ZLWKLQ WKH 4UVW \H
Millotte, & Christophe, 2018), and a direct test of children's ability to segment
phrases from songs or other forms of language play is still poignantly lacking. The
current study thus aims to provide evidence for infants’ recognition of the phrasal
building blocks of ID-songs.

Infants’ recognition of phrase structure in music

Currently, literature on infants’ perception of melodic phrase structure in music

DQG VRQJ LV VSDUVH -Q D VHPLQDO VWXG\ E\ -XVF]\N DQG .U
ROGYVY GL*HUHQWLDWHG EHWZHHQ H[FHUSWYV IURP OR]DUW 0LQ?
(phrase boundary) positions and excerpts with unnatural pauses (within phrases).

$ IROORZ XS VWXG\ ZLWK $PHULFDQ (QJOLVK LQIDQWYV H[WHQC
IURP QRQ ZHVWHUQ -DSDQHVH FKLOG VRQJV -XVF]\N L
phrase structure perception does not require extensive experience with a musical

tradition. Crucially though, none of these previous studies required infants to

encode and process melodic phrase structure. Instead, infants were provided with

a pre-segmented stimulus that was reminiscent of their daily musical experience

(naturally segmented) or rather odd (unnaturally segmented). It thus remains

unclear whether infants chunk native songs into meaningful units and recognize

subcomponents of the songs, despite these being the type of musical stimulus

infants are exposed to on a daily basis. Recent evidence from Dutch infants

(chapter 3 of this thesis) also only indirectly supports the notion of song structure

EHLQJ DFFHVVLEOH PRQWK ROGV GL*HUHQWLDWHG UK\PLQ.
songs from non-rhyming (and thus less natural) songs, but the study did not test

ZKHWKHU WKLV GL*HUHQWLDWLRQ KDV LPSOLFDWLRQV IRU W
content. In the current study, we will provide infants only with natural native child

songs and will explicitly test their ability to recognize familiarized song phrases.

Extending the prosodic parsing paradigm

A good starting point for an investigation of infants’ encryption of the inherent
structure of ID-song is transferring a reliable paradigm from infant speech
perception research to the song modality while also replicating previous research

23



24

CHAPTER 2

for ID-speech. Such a paradigm was provided by Nazzi and colleagues (2000),

showing that 6-month-olds used prosodic phrase structure to segment clauses

from continuous speech. In this Headturn Preference study, infants were

familiarized to two versions of the word sequence  leafy vegetables taste so good

(Nazzi et al, 2000, Experiment 1). One version of the sequence was prosodically

well-formed, carrying phrase boundaries at the edges, and sounded like a coherent

clause: [Leafy vegetables taste so good]. The other version of the word-sequence

contained a phrase boundary halfway through, sounding more like snippets of

two adjacent clauses: leafy vegetables] [Taste so good. In the subsequent test phase,

infants heard two spoken passages of three sentences each. The well-formed

sequence from the familiarization phase reoccurred as a coherent clause of one

passage. The ill-formed sequence from the familiarization phase reoccurred as

a subcomponent of two adjacent clauses of the other passage. Infants listened

longer to the passage containing the well-formed compared to the ill-formed word

sequence, indicating that they capitalized on the prosodic structure of the passage

to recognize the familiarized well-formed word sequence therein. This paradigm

KDV EHHQ DGRSWHG LQ QXPHURXYV VXEVHTXHQW VWXGLHV 6t
6RGHUVWURP .HPOHU 1HOVRQ -XVF]\N &ULWLFDOO

Dutch 6-month-olds also showed the same preference for the passage containing

WKH ZHOO IRUPHG ZRUG VHTXHQFH -RKQVRQ 6HLGO

Whether infants’ prosodic parsing ability extends to the musical modality has

DOUHDG\ EHHQ H[SORUHG LQ WZR VKRUW UHSRUWY +DZWKRUQ
2000, see discussion at the end of this chapter). Both studies applied the paradigm

described above to melodies from a musical instrument. The preliminary results

suggest that infants recognized the familiarized well-formed tone-sequence within

a longer musical piece.

The current study

The current study investigates infants’ recognition of the phrasal building blocks

of ID-song and replicates earlier studies on infants’ recognition of phrases in ID-

speech. We will use the paradigm described above that has successfully revealed

LQIDQWY SKUDVH VHIJPHQWDWLRQ RI =" VSHHFK IRU "XWFK -

original study for English: Nazzi et al., 2000) with a new sample of Dutch 6-month-

olds and a new version of the Dutch stimuli and extend the paradigm to ID-song,

using natural song material that matches the ID-speech stimuli in content and

VIQWDFWLF VWUXFWXUH 2XU DSSURDFK VLIJQL4FDQWO\ H[W|
ZD\V )LUVW LQIDQWY SURFHVVLQJ RI VRQJ OVUWLFV KDV VR
SKRQRORJLFDO DQG OH[LFDO EXLOGLQJ EORFNV )UDQORLV H
FKDSWHU /IHEHGHYD .XKO 6QLMGHUV HW DO 6
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7TKLHVVHQ 6D«UDQ :H ZLOO H[WHQG WKH VFRSH RI WKL

cognitive units which are relevant not only for the perception of song structure

but also for lexical and syntactic development in infants’ native language.

Secondly, we will build upon the previous work on infants’ auditory grouping

LQ SRO\SKRQLF LQVWUXPHQWDO PXVLF -XVF]\N .UXPKDC

-XVF]\N PRQRSKRQLF PHORGLHV 1D]]JL HW DO 4
DQG QRQ QDWLYH FKLOG VRQJV -XVF]\N HPSOR\LQJ

stimulus that possibly best represents infants’ musical input (Volkova, Trehub,

& Schellenberg, 2006), namely native child songs. By extending the paradigm

of Nazzi and colleagues (2000) we will also move beyond mere preferences for

naturally phrased melodies. Instead, our study requires infants to incrementally

process and organize ecologically valid native song input and match this input to

memorized song fragments.

Method
Participants

A sample of 95 6-month-old infants (mean age in days: 184, range: 167-209 days,

SD = 9.02, 53 girls) from monolingual Dutch households was tested of which

12 infants were excluded, because they fussed or cried during the experiment

(n = 11) or grew up in a bilingual household (n = 1). Three more infants were

excluded from part of the analysis because they did not contribute trials in both

experimental conditions for the critical data set (see Analysis Section), resulting

LQ D 4QDO GDWDVHW RI Q RU Q LQIDQWY GHSHQGLQJ R
Participants were recruited from the Baby and Child Research Center at Radboud

University, Nijmegen, the Netherlands. According to their caregivers, infants were

born full-term, had normal hearing, and no familial history of language or reading

problems. The present study was conducted according to guidelines laid down in

the Declaration of Helsinki, with written informed consent obtained from a parent

or guardian for each infant before any assessment or data collection. Ethical

DSSURYDO IRU WKH VWXG\ ZzDV REWDLQHG IURP WKH (WKLHN
Sociale Wetenschappen (ECSW) at Radboud University in Nijmegen, Netherlands.

Caregivers had the choice between 10€ or a book as a reward for their participation.

7KH UHVXOWYVY RI D TXHVWLRQQDLUH RQ PXVLFDO H[SRVXUH FR
were regularly exposed to songs and music from electronic devices and human

singers (the results of the questionnaire are summarized in the online materials).

$ SRZHU DQDO\VLV XVLQJ * 3RZHU )DXO (UGIHOGHU /DQJ %
([SHULPHQW RI -RKQVRQ DQG 6HLGO HVWLPDWHG FRUU
set to 0.5, Cohen’s d = 0.35) resulted in a required minimum sample of 52

Experiment 1
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LQIDQWYV WR GHWHFW WKH SKUDVH VHIPHQWDWLRQ HeHFW LQ
one-sided t-testwith  =.05). We thus aimed for usable data of 104 infants in total.

Due to time and resource limitations, however, data collection was terminated

after 95 participants.

Materials

Materials, design and procedure of the current study closely followed the study

E\ -RKQVRQ DQG 6HLGO ([SHULPHQW KHQFHIRUWK - 6

VSRNHQ DQG VXQJ UHFRUGLQJV RI WKH -6 VWLPXOL FRPS(
stimulus set. The basis of all stimulus materials was a pair of text passages from

-6 ERWK FRQVLVWLQJ RI WKUHH VHQWHQFHYV VHSDUDWHG E\
Table 2.1, Pair 1).

Table 2.1 Texts from Passage Pair 1 and 2.

Pair 1 (Melody 1) Pair 2 (Melody 2)
copied from Johnson and Seidl created in analogy to pair 1 passage 1
(2008)
Tante vraagt zich af wat de jongens eten. Oma krijgt meteen wat de meisjes maken.
Koude pizza smaakt niet zo goed . +HWH NR]H wordt heel snel oud.
Hun opa vindt dat wel erg lekker. Hun vriendje heeft toch nog geen beker.
passage 1
Aunt wonders what the boys are eating. Grandma soon gets what the girls are making.
Cold pizza doesn't taste so good. Their +RW FReHH gets old really quickly. Their friend
grandpa really likes that. has no cup yet.
Het staat in de oven. Ze zijn in de keuken.
De jongens eten koude pizza . De meisjes maken KHWH NR]H
Smaakt niet zo goed in de vroege Wordt heel snel oud, als je hem niet op
ochtend. drinkt.
passage 2
It's (placed) in the oven.The boys are They are in the kitchen. The girls make hot
eating cold pizza. (It) doesn't taste so good FReHH Gets old really quickly, LI \RX GRQ W 4QLVK
in the early morning. it.

Note. Phrase-internal sequences in bold, straddling sequences underlined . Within one session (song

or speech), one infant would hear sequences and passages from one pair of passages. During the

familiarization phase of the experiment, an infant would only hear the internal sequence from one

passage and the straddling sequence from the other passage within the same pair (crucially, both

VHTXHQFHV FRQVLVW RI WKH VDPH ZRUGV EXW GL*HU LQ SKUDVDO VWUXFWXUH
the full passages of each pair. The experimental condition of the test passages (internal or straddling) is

determined by the respective sequences heard during the familiarization phase.

Within both passages, the same sequence of words occurred (e.g., koude pizza
smaakt niet zo goed), but one passage contained the sequence as a single phrase,
i.e., phrase-internal (e.g., [koude pizza smaakt niet zo goed]) and the other passage
contained the sequence with a phrase boundary in the middle, i.e., phrase-
straddling (e.g., ... koude pizza] [smaakt niet zo goed ...). The two passages were
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used for the test phase of the experiment. The phrase-internal and phrase-

straddling sequences extracted from the passages were used for familiarization.

All stimuli were recorded in a spoken as well as a sung version. Passage pair 1

ZDV EDVHG RQ WKH '"XWFK VWLPXOL RI -6 ZLWK B VOLJKW F
Passage pair 2 was created in analogy to pair 1. The number of syllables, word
stress, and phrase structure were identical, and the lyrics had the same assumed

familiarity (all content words of both pair 1 and pair 2 appeared in the Dutch N-CDI

(Zink & Lejaegere, 2002) and the words had a similar mean log raw frequency of

3.6 (pair 1) and 3.8 (pair 2) in the Dutch Celex corpus (Baayen, Piepenbrock, &

Gulikers, 1995). Both passage pairs are provided in Table 2.1.

Song stimuli. Both pairs of passages were set onto the melodies of child songs
J)LIXUH 3DVVDJH ZDV VHW RQWR PHORG\ 6HD 6DZ 0DL
from England) and passage 2 was set onto melody 2 (“Vine Melcul Suparat”,
originally from Romania), with one syllable per musical note and stressed syllables
on strong metrical positions within each melody. The position of sentence
boundaries in the passages was aligned with the position of melodic phrase
boundaries in the melodies.

Three listeners (two amateur — one professional musician, two Dutch — one English
native speaker) who were kept naive to the purpose of the study, judged the quality
of the resulting melodies. All three found them to resemble typical child songs.

Recording. The same female Dutch speaker was recorded for the spoken and sung

stimuli and was kept naive to the purpose of the study. Only after the recording it

became apparent that the same person’s voice had been recorded for the original

-6 VWLPXOL 7KH VLQJHU VSHDNHU ZDV LQVWUXFWHG WR VSHI
directed manner while looking at the photo of a toddler from her family. She

chose a speaking and singing tempo and a pitch height that were convenient to

her. Recording took place in a sound attenuated booth and further processing

was done using Praat (5.3.49, (Boersma & Weenink, 2014)) and Audacity (2.1.0):

Pauses between phrases were set to silence but kept at their original duration. Two

VHTXHQFHY ZHUH FXW IURP HDFK SDVVDJH RQH LQWHUQDO DQC
2.2), resulting in 8 sequences for the sung and 8 sequences for the spoken modality.

E :H VOLJKWO\ PRGL4HG RQH SKUDVH RULJLQDO ZRUGLQJ +XQ ]XV YLQGW GEC
1RYHO ZRUGLQJ +XQ RSD YLQG Wel@andpakeallyHikes thati NN H U
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Figure 22 ([DPSOH VWLPXOXV $00 VXE4JXUHV GHQRWH ZDYHIRUP VRQRJUDP VS
annotation and time on the y-axis.

Acoustic analysis. Acoustic measures were obtained around the internal boundary

in the straddling sequence (e.g., ... pizza] [smaakt ...) and compared to the same

sequence without a boundary in the phrase-internal sequence (e.g., [ ... pizza

VPDDNW @ XVLQJ 3UDDW VRXQG 40HV DQG FRUUHVSRQGLQ
the online materials).

Comparison of song and speech stimuli within the current study. Phrase boundaries

in both song and speech stimuli were expressed by longer pauses and longer pre-

boundary vowels at the phrase boundary in the straddling sequence compared

to the corresponding internal sequence. In the song stimuli, the pitch rose after

the boundary in the straddling sequences. In the spoken sequences the opposite

SDWWHUQ ZDV IRXQG SLWFK LQFUHDVHG DW WKH 4QDO YRZH
4UVW YRZHO RI WKH IROORZLQJ SKUDVH 7KH VSHDNHU WKXV |
to mark the end of her spoken phrases.
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Comparison of stimuli from Johnson and Seidl (2008) and the stimuli for the current

study. Despite the fact that we used the same words and the same speaker, the

speech stimuli of the current study were substantially slower than the stimuli by

-6 VHH 7DEOH LQ WKH RQOLQH PDWHULDOV 7KH ORQJHU
together with the overall slower speech rate of the current stimuli resulted in

ODUJH GL*HUHQFHV LQ RQVHW WLPH RI WKH FULWLFDO VHTXF
PDWHULDOV 7KHVH GL*HUHQFHV ZLOO EH WDNHQ LQWR DFF
ORRNLQJ WLPH GDWD VHH VHFWLRQ OL[HG H*HFW PRGHO DQD
WKH SLWFK UHVHW DW WKH SKUDVH ERXQGDULHV RI WKH VWI
study was less pronounced in the stimuli of the current study (see Table 6 in the

RQOLQH PDWHULDOV SUREDEO\ GXH WR WKH VOLJKWO\ GL<H
boundary tone the speaker used for the current study.

Stimulus pre-test. Three Dutch native speakers judged the intelligibility of the

sung and spoken sequences and were asked to judge the straddling/internal
PDQLSXODWLRQ RI WKH VXQJ DQG VSRNHQ VHTXHQFHV 7KH
asked to listen once to each of the 16 sequences and immediately write out the

text orthographically, as they understood it. All three participants wrote down

the correct texts without mishearing. They were then presented with the phrase-

internal and phrase-straddling versions of every sequence as a pair and were

asked to indicate which of the two sequences sounded more coherent. All three

participants judged all phrase-internal sequences to sound more coherent than

their phrase-straddling counterparts.

Procedure

The experiment was run using the Headturn Preference Procedure. Three lights
were placed within a three-sided booth at infant eye-level: a blue light in the center
and red lights on the right and left walls of the booth. A camera was hidden below
the center light to observe infant behavior from outside. Stimuli were presented
via loudspeakers below the red lights. The infant and caregiver were seated in the
middle of the booth, directly opposite the blue center light, exactly in between the
left and right red lights. Stimulus presentation was controlled from outside the
test booth by the experimenter, using the stimulus presentation software Look!
(Meints & Woodford, 2008). The experimenter was blind to trial number and trial
condition and coded the looking behavior of the infant (left, right, center) using
assigned keys. The same procedure was used for both familiarization trials and
WHVW wuLDOV 7KH HQWLUH VHVVLRQ ZDV YLGHR UHFRUGHG |
section “reliability coding” in the online materials).
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Design. Infants took part in either the song or the speech version of the experiment,
and were tested on their ability to segment either songs or speech into phrases

HeHFW RI PRGDOLW\ EHWZHHQ VXEMHFWV JROORZLQJ 11
3UHIHUHQFH 3URFHGXUH LQIDQWYV ZHUH 4UVW IDPLOLDUL]HG
same words, one uttered as phrase internal, carrying phrase boundaries at the
edges, e.g., [Koude pizza smaakt niet zo goed] ("Cold pizza doesn'’t taste so well"),
the other uttered as phrase straddling, carrying a phrase boundary halfway, e.g.,
koude pizza] [smaakt niet zo goed ("cold pizza. Doesn'’t taste so well"). The internal
sequence thus represented a well-formed acoustic unit, the straddling sequence
ZDV LOO IRUPHG $SDUW IURP WKLV DFRXVWLF GL*HUHQFH W
occurring in the sequences used in the familiarization phase. In the test phase,
infants were presented with two passages of three sentences each: one passage
contained the phrase straddling sequence, the other the phrase internal sequence

7DEOH JRU WKH DQDO\VLY ORRNLQJ WLPHV WR WKH SDV'
passage functioned as the internal and which as the straddling passage was
determined by the content of the respective sequence used during familiarization

HeHFW RI FRQGLWLRQ ZLWKLQ VXEMHFWYV

Counterbalancing and randomization. The four pairs of passages (Table 2.1) were

distributed across eight lists (four lists for speech, four lists for song). Within each

OLVW RQH SDLU RI SDVVDJHV ZDV XVHG DQG SUHVHQWDWLR
(left, right) was counterbalanced and the same presentation side and the same

condition were restricted to occur maximally two times in a row.

Experimental session &DUHJLYHUV ZHUH 4UVW EULHIHG DERXW WK
SURFHGXUH DQG 400HG RXW WKH PXVLF H[SRVXUH VXUYH\ VI
an English translation of the questionnaire). At the start of the experiment, infants
were seated on their caregiver's lap in the center of a three-sided test booth. Both
caregiver and experimenter wore headphones throughout the experiment and
listened to masking music (samba music played simultaneously with spoken text
from various female speakers). Testing started with a familiarization phase during
which infants heard alternations of the phrase-internal and phrase-straddling
sequence and accumulated a minimum of 30 sec of looking time for each sequence
LQ DFFRUGDQFH ZLWK - 6 :LWKLQ WKH WHVW SKDVH HDFK
two passages. One passage contained the phrase-internal , the other the phrase-
straddling sequence from the familiarization phase. Which passage acted as
phrase-straddling or phrase-internal during test depended on which sequence a
particular infant was familiarized to. A single test trial consisted of repetitions of a
passage for the same condition (internal/straddling). Trials alternated in condition
(internal/straddling). Passages were presented in 12 trials distributed over three
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blocks. Within every block, each passage was presented once from the left and
once from the right side.

7KH IXOO H[SHULPHQWDO VHVVLRQ ODVWHG DERXW 4YH PLQXW
of familiarization trials an infant required to reach the 30 sec familiarization

criterion. Sessions were aborted earlier if the infant fussed. Data from aborted

test sessions were not analyzed. After the experiment, caregivers were debriefed

about the research question of the experiment.

Results

All data preprocessing and analyses have been performed using R for windows (R
Development Core Team, 2020). All raw data and analysis scripts are available in
the online materials.

OL[HG HeHFW PRGHO DQDO\VLYV

/ILQHDU PL[HG H*HFW PRGHOV ZHUH XVHG WR DQDO\]H GL+*HU
between the internal and straddling passages in the test phase of the experiment.

7ZR PRGHOV ZHUH 4W RQH WR WKH IXOO GDWDVHW RI DOO W
n= LQ VRQJ WuLDOV WULDOV LQ VRQJ DQG D VHFRQC
trials during which infants had attended long enough to be presented with the

4UVW PV RI WKH FULWLFDO VHTXHQFH ZhWSHInGoW,KH WHVW S
680 trials, 295 trials in song). The second model on this Critical Sequence dataset

was considered warranted given the overall slower speech rate and longer pauses

LQ WKH SUHVHQW FRPSDUHG WR WKH - 6 VWLPXOL DV GHVFU
subjects were excluded from the second model because they did not contribute

trials for both conditions in this dataset. The remaining 80 infants contributed

DQ DYHUDJH RI WULDOV SHU FRQGLWLRQ UDQJH IRU EI
HeHFWV RI ERWK PRGHOV ZHUH ERXQGDU\ FRQGLWLRQ LQW
as an orthogonal contrast), 2) modality (song vs. speech, coded as an orthogonal

contrast), 3) test-trial number linear (1 to 12, coded as the linear polynomial), 4)

test-trial number quadratic (1 to 12, coded as the quadratic polynomial) and 5) the

interaction of boundary condition and modalty 2 7KH UDQGRP HeHFWV VWUXF\
RI ERWK PRGHOV ZDV VSHFL4HG WR LQFOXGH UDQGRP LQWH!
E\ SDUWLFLSDQW UDQGRP VORSHV IRU WKH HeHFW RI H[SHUL

E 1RWH WKDW ZH UDQ DGGLWLRQDO DQDO\WHV RQ WKH IXOO GDWDVHW ZLWK
([SHULPHQW 9HUVLRQ DV D 4[HG H*HFW 9HUVLRQV IRU HDFK ORGDOLW\ 7KLV F
KLIJKHU $-&V DQG %-&V WKDQ WKH VDPH PRGHO ZLWKRXW WKLV 4[HG HeHFW :H
HeHFW IURP PRGHO DQG GLG QRW LQFOXGH LW LQ PRGHO 7KH UHVXOWYV IRU
Experiment Version were qualitatively the same.



Phrases in song and speech

VWUDGGOLQJ :H GHOLEHUDWHO\ FKRVH QRW WR VSHFLI\ W
structure (Barr, Levy, Scheepers, & Tily, 2013), because the use of only two pairs
Rl SDVVDJHV IRU VSHHFK DQG VRQJ GLG QRW ZDUUDQW VSH
UDQGRP H*HFWV %RWK PRGHO DQG ZHUH 4W RQWR ERJ[ FR
times ( (= 0.12 for model 1, (=-0.02 for model 2 (Csibra, Hernik, Mascaro, Tatone, 2
& Lengyel, 2016)). The R-package "ImerTest” was used to run the models and
HYDOXDWH VLIJQL4FDQFH RI WKH H*HFWV . X]QHWVRYD %URFN

5HVXOWYV RI PLIHG H*HFW PRGHO DQDO\VLYV

When only considering trials during which infants listened long enough to reach
the critical sequence within the test passage, infants preferred to listen to the
passage that contained the phrase-internal sequence in both song and speech

J)LIXUH 7KH VHFRQG OLQHDU PL[HG H*HFW PRGHO 7DEOH
Sequence data set (model 1, n WULDOV UHYHDOHG VLJQL4FDQW PI
Condition (t = 2.21, 8 =0.05, p =.03), Modality (t =2.78, 3 =1.0, p =.007) and the
linear and quadratic polynomial of Test Trial Number (t=-4.39, R=-0.28,p<
t=3.42,3=0.22,p< 7KHUH ZDV QR VLIJQL4FDQW LQWHUDFWLRQ E
and Modality (t =0.24, 3=0.01, p =.81) and thus no evidence that segmentation is
easier in song than in speech.

Considering all trials from all children (N WULDOV ZH GLG QRW 4QG HY

for a preference for passages with the phrase-internal or the phrase-straddling

VHTXHQFH QRU GLG ZH 4QG HYLGHQFH WKDW ORRNLQJ WLPHYV

VSHHFK )LJXUH LQ WKH RQOLQH PDWHULDOV 7KH OLQHDU
RQO\ LQGLFDWHG VLJQLA4FDQW PDLQ H®HFW, ;¢ WKH OLQF

.001) and quadratic (t = 2.19, B = 0.55, p = .03) polynomial of Test Trial Number,

indicating that overall looking times decreased over the course of the experiment,

but to a lesser degree towards the end of the experiment.
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