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General introduction
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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 
�V�R�Q�J�V�����Q�X�U�V�H�U�\���U�K�\�P�H�V�����E�R�X�Q�F�L�Q�J���J�D�P�H�V���D�Q�G���4�Q�J�H�U���S�O�D�\�V�����–�O�D�U�L�����������������–�O�D�U�L�����0�R�X�U�D����
�	�� �%�R�X�U�V�F�K�H�L�G�W���� ������������ �6�W�H�U�Q���� �������������� �7�K�H�V�H�� �L�Q�W�X�L�W�L�Y�H�� �D�Q�G�� �U�L�W�X�D�O�L�]�H�G�� �W�\�S�H�V�� �R�I�� �S�R�H�W�L�F��
verbal behaviour contribute to social cohesion and attachment (Dissanayake, 
������������ �0�D�U�N�R�Y�D���� �������������� �D�V�� �Z�H�O�O�� �D�V�� �H�P�R�W�L�R�Q�� �U�H�J�X�O�D�W�L�R�Q�� ���&�L�U�H�O�O�L���� �7�U�H�K�X�E���� �	�� �7�U�D�L�Q�R�U����
������������ �&�R�U�E�H�L�O���� �7�U�H�K�X�E���� �	�� �3�H�U�H�W�]���� ������������ �0�H�K�U���� �6�R�Q�J���� �	�� �6�S�H�O�N�H���� ������������ �7�U�H�K�X�E����
Ghazban, & Corbeil, 2015). With regards to infant-caregiver interaction, poetic 
�O�D�Q�J�X�D�J�H���S�O�D�\���L�V���H�Y�H�U���S�U�H�V�H�Q�W���D�V���Z�H�O�O�����0�D�U�N�R�Y�D�����������������6�W�H�U�Q�����������������7�U�H�K�X�E������������������
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 
���–�O�D�U�L�����������������0�H�K�U�����������������7�U�H�K�X�E���H�W���D�O��������������������

�/�D�Q�J�X�D�J�H���S�O�D�\���Z�L�W�K���L�Q�I�D�Q�W�V���V�H�U�Y�H�V���V�S�H�F�L�4�F���F�R�P�P�X�Q�L�F�D�W�L�Y�H���I�X�Q�F�W�L�R�Q�V�����)�R�U���H�[�D�P�S�O�H����
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 
�G�R�Z�Q�� ���&�L�U�H�O�O�L���� �-�X�U�H�Z�L�F�]���� �	�� �7�U�H�K�X�E���� �������������� �/�X�O�O�D�E�L�H�V�� �L�Q�� �S�D�U�W�L�F�X�O�D�U�� �D�U�H�� �U�H�F�R�J�Q�L�]�H�G��
�F�U�R�V�V���F�X�O�W�X�U�D�O�O�\�� �D�Q�G�� �U�H�S�U�H�V�H�Q�W�� �D�� �V�S�H�F�L�4�F�� �V�R�Q�J�� �J�H�Q�U�H�� �Z�L�W�K�� �D�� �F�O�H�D�U�� �I�R�U�P���I�X�Q�F�W�L�R�Q��
�U�H�O�D�W�L�R�Q�V�K�L�S�� ���0�H�K�U���� �6�L�Q�J�K���� �<�R�U�N���� �*�O�R�Z�D�F�N�L���� �	�� �.�U�D�V�Q�R�Z���� �������������� �–�Q�I�D�Q�W�V�� �F�H�U�W�D�L�Q�O�\��
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 
�J�D�]�H�V�� �E�\�� �L�Q�I�D�Q�W���O�L�V�W�H�Q�H�U�V�� ���/�H�R�Q�J���� �%�\�U�Q�H���� �H�W���D�O������ ������������ �7�V�D�Q�J���� �)�D�O�N���� �	�� �+�H�V�V�H�O���� ������������
�D�Q�G���G�H�O�D�\���L�Q�I�D�Q�W���G�L�V�W�U�H�V�V�����&�R�U�E�H�L�O���H�W���D�O�������������������7�U�H�K�X�E���H�W���D�O���������������������7�K�H�\���D�O�V�R���D�O�W�H�U��
�F�R�U�W�L�V�R�O�����6�K�H�Q�4�H�O�G���H�W���D�O������������������ �D�Q�G���R�[�\�W�R�F�L�Q���O�H�Y�H�O�V�����0�D�U�N�R�Y�D���H�W���D�O������ �������������L�Q���E�R�W�K��
caregiver and infant-listeners, hormones typically associated with arousal and 
social engagement.

This dissertation extends the previous research focus on the social-emotional 
�H�•�H�F�W���R�I�� �R�U�D�O���O�D�Q�J�X�D�J�H���S�O�D�\�� �E�H�W�Z�H�H�Q���L�Q�I�D�Q�W�V���D�Q�G���F�D�U�H�J�L�Y�H�U�V���W�R���L�Q�F�O�X�G�H���D�� �O�L�Q�J�X�L�V�W�L�F��
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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General introduction

1
Detecting sound patterns in language play and its relationship 
with language development
�:�K�\�� �V�K�R�X�O�G�� �S�R�H�W�L�F�� �O�D�Q�J�X�D�J�H�� �S�O�D�\�� �V�X�S�S�R�U�W�� �4�U�V�W�� �O�D�Q�J�X�D�J�H�� �D�F�T�X�L�V�L�W�L�R�Q�� �R�I�� �\�R�X�Q�J��
�L�Q�I�D�Q�W�V�"�� �3�R�H�W�U�\�� �D�Q�G�� �O�D�Q�J�X�D�J�H�� �D�U�H�� �Q�D�W�X�U�D�O�O�\�� �W�L�J�K�W�O�\�� �F�R�Q�Q�H�F�W�H�G�� ���-�D�N�R�E�V�R�Q���� ��������������
“The linguistic sames which are potentially relevant in poetry are just those which 
are potentially relevant in grammar. […] The intrinsic structure of language, the 
�U�D�Z���P�D�W�H�U�L�D�O���R�I�� �S�R�H�W�U�\���� �L�V���F�D�U�U�L�H�G���R�Y�H�U���L�Q�W�R���S�R�H�W�U�\������ ���.�L�S�D�U�V�N�\���� ������������ �S���� ������������ �0�R�U�H��
�V�S�H�F�L�4�F�D�O�O�\���� �S�K�R�Q�R�O�R�J�L�F�D�O�� �U�X�O�H�V�� �D�Q�G�� �F�R�Q�V�W�U�D�L�Q�W�V�� �R�I�� �Q�D�W�X�U�D�O�� �O�D�Q�J�X�D�J�H�� �F�D�Q�Q�R�W�� �E�H��
�G�L�V�U�H�J�D�U�G�H�G���L�Q���S�R�H�W�U�\�����)�D�E�E�����������������S�U�R�S�R�V�H�G���W�K�H��Development Hypothesis: “the form 
of literary language and the rules and constraints which hold of it are developments 
�R�I���W�K�H���I�R�U�P�����U�X�O�H�V�����D�Q�G���F�R�Q�V�W�U�D�L�Q�W�V���R�I���R�U�G�L�Q�D�U�\���O�D�Q�J�X�D�J�H���������)�D�E�E�������������������<�H�W�����V�R���I�D�U����
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 
�U�H�V�S�H�F�W���W�R���W�K�H�L�U���U�R�O�H���L�Q���Y�R�F�D�E�X�O�D�U�\�� �D�F�T�X�L�V�L�W�L�R�Q�����%�H�E�R�X�W���	�� �%�H�O�N�H���� ������������ �&�R�R�N���� ������������
�'�D�Y�L�V�����������������(�Q�J�K�����������������0�D�����)�L�Y�H�D�V�K�����0�D�U�J�X�O�L�V�����%�H�K�U�H�Q�G�����	���7�K�R�P�S�V�R�Q������������������

Oral language play is a clearly structured type of auditory stimulus, which could 
support infants’ perception of linguistic patterns therein. Verse lines and melodic 
�S�K�U�D�V�H�V���S�U�R�Y�L�G�H���D���V�F�D�•�R�O�G���I�R�U���Z�R�U�G�V���D�Q�G���U�K�\�P�H�V�����Z�K�L�O�H���S�D�X�V�H�V���P�D�U�N���E�R�X�Q�G�D�U�L�H�V��
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 
�O�D�Q�J�X�D�J�H���S�O�D�\���� �)�R�U���H�[�D�P�S�O�H���� �F�D�U�H�J�L�Y�H�U�V���U�H�O�L�D�E�O�\�� �G�L�•�H�U�H�Q�W�L�D�W�H���E�H�W�Z�H�H�Q���P�D�M�R�U���D�Q�G��
minor beats in their singing and produce longer notes and pauses at song phrase 
�E�R�X�Q�G�D�U�L�H�V�����/�R�Q�J�K�L�����������������1�D�N�D�W�D���	���7�U�H�K�X�E�������������������Z�K�L�O�H���E�H�L�Q�J���P�R�U�H���Y�D�U�L�D�E�O�H���L�Q��
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 
�Y�D�U�L�D�W�L�R�Q�V�� �L�Q�� �P�H�W�U�L�F�D�O�� �V�W�U�X�F�W�X�U�H�� �D�Q�G�� �U�K�\�P�H�� �S�U�H�G�L�F�W�D�E�L�O�L�W�\�� ���%�U�H�H�Q���� ������������ �)�L�W�]�U�R�\�� �	��
�%�U�H�H�Q���� �������������� �7�K�L�V�� �V�D�O�L�H�Q�W�� �U�K�\�W�K�P�L�F�� �V�F�D�•�R�O�G�� �R�I�� �R�U�D�O�� �O�D�Q�J�X�D�J�H�� �S�O�D�\�� �P�L�J�K�W�� �S�U�R�Y�L�G�H��
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 
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CHAPTER 1  

for the development of reading and writing. Here we entertain the idea that oral 
�O�D�Q�J�X�D�J�H�� �S�O�D�\�� �G�X�U�L�Q�J�� �L�Q�I�D�Q�F�\�� �D�O�U�H�D�G�\�� �D�O�O�R�Z�V�� �I�R�U�� �D�� �4�U�V�W�� �H�Q�F�R�X�Q�W�H�U�� �Z�L�W�K�� �U�K�\�P�H�V����
�Z�K�L�F�K���P�L�J�K�W���E�H�Q�H�4�W���L�Q�I�D�Q�W�V���L�Q���V�W�U�X�F�W�X�U�L�Q�J���W�K�H�L�U���P�H�Q�W�D�O���O�H�[�L�F�R�Q���D�Q�G���L�Q���W�X�U�Q���H�Q�D�E�O�H��
later explicit rhyme judgments. Phrasal and rhythmic cues in speech provide 
�L�Q�I�D�Q�W�V�� �Z�L�W�K�� �D�� �K�L�Q�W�� �W�R�Z�D�U�G�V�� �W�K�H�� �X�Q�G�H�U�O�\�L�Q�J�� �O�L�Q�J�X�L�V�W�L�F�� �V�W�U�X�F�W�X�U�H���� �)�R�U�� �H�[�D�P�S�O�H����
intonational phrases indicate which words form a syntactic group and rhythm 
�D�O�O�R�Z�V���W�R���G�L�•�H�U�H�Q�W�L�D�W�H���V�W�U�H�V�V�H�G���I�U�R�P���X�Q�V�W�U�H�V�V�H�G���V�\�O�O�D�E�O�H�V�����D���U�H�O�L�D�E�O�H���F�X�H���W�R���Z�R�U�G��
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.

�6�H�F�R�Q�G�D�U�\�� �U�H�V�H�D�U�F�K�� �T�X�H�V�W�L�R�Q�V�� �S�H�U�W�D�L�Q�� �W�R�� �L���� �D�� �S�U�R�F�H�V�V�L�Q�J�� �E�H�Q�H�4�W�� �I�R�U�� �O�D�Q�J�X�D�J�H��
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’ 
�D�Q�G�� �W�R�G�G�O�H�U�V���� �O�D�Q�J�X�D�J�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� ���)�U�D�Q�F�R���� �6�X�W�W�R�U�D���� �6�S�L�Q�H�O�O�L���� �.�R�]�D�U���� �	�� �)�D�V�R�O�R����
�������������3�R�O�L�W�L�P�R�X�����������������6�X�S�S�D�Q�H�Q�����+�X�R�W�L�O�D�L�Q�H�Q�����	���<�O�L�Q�H�Q�����������������9�L�U�W�D�O�D���	���3�D�U�W�D�Q�H�Q����
�������������� �)�R�U�� �H�[�D�P�S�O�H���� �L�Q�I�D�Q�W�V�� �Z�K�R�� �U�H�F�H�L�Y�H�G�� �P�R�U�H�� �V�X�Q�J�� �L�Q�S�X�W�� �G�X�U�L�Q�J�� �W�K�H�L�U�� �4�U�V�W��
�P�R�Q�W�K�V���R�I���O�L�I�H���K�D�Y�H���O�D�U�J�H�U���Y�R�F�D�E�X�O�D�U�L�H�V���D�W���������P�R�Q�W�K�V���R�O�G�����)�U�D�Q�F�R���H�W���D�O���������������������7�K�H��
current dissertation extends this research, by linking gains in lexical development 
���Y�R�F�D�E�X�O�D�U�\���V�L�]�H�����Z�L�W�K���W�K�H���G�H�W�H�F�W�L�R�Q���R�I���V�S�H�F�L�4�F���S�K�R�Q�R�O�R�J�L�F�D�O���S�U�R�V�R�G�L�F���S�D�W�W�H�U�Q�V���L�Q��
oral language play, namely rhyme and rhythm. 

Sound patterns in oral language play
�2�U�D�O�� �O�D�Q�J�X�D�J�H�� �S�O�D�\�� �L�V�� �D�� �V�X�E�F�R�P�S�R�Q�H�Q�W�� �R�I�� �S�R�H�W�U�\�� ���-�D�N�R�E�V�R�Q�� �	�� �:�D�X�J�K���� �������������� �)�R�U��
the present dissertation it could be summarized as “children’s lore, used by and 
�I�R�U���F�K�L�O�G�U�H�Q�������2�S�L�H���	���2�S�L�H������������������ �-�X�V�W���O�L�N�H���R�W�K�H�U���S�R�H�W�L�F���J�H�Q�U�H�V�����R�U�D�O���O�D�Q�J�X�D�J�H���S�O�D�\��
contains prototypic stylistic features which determine their acoustic shape (Burling, 
������������ �2�S�L�H�� �	�� �2�S�L�H���� ������������ �5�X�E�L�Q���� ������������ �6�X�O�O�L�Y�D�Q���� �������������� �–�W�� �L�V�� �V�W�U�X�F�W�X�U�H�G�� �L�Q�W�R�� �O�L�Q�H�V��
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 
�F�K�L�O�G�U�H�Q���D�Q�G���F�D�U�H�J�L�Y�H�U�V���W�R���W�K�H���Q�H�[�W�����'�H�&�D�V�W�U�R���$�U�U�D�]�R�O�D���	���.�L�U�E�\�����������������5�X�E�L�Q����������������
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�7�K�H���S�U�H�V�H�Q�W���G�L�V�V�H�U�W�D�W�L�R�Q���F�R�Q�F�H�U�Q�V���L�Q�I�D�Q�W�V�����4�U�V�W���O�D�Q�J�X�D�J�H���D�F�T�X�L�V�L�W�L�R�Q�����&�R�Q�V�H�T�X�H�Q�W�O�\����
the poetic genres of interest here are the ones typically used with preverbal 
�L�Q�I�D�Q�W�V���� �Q�D�P�H�O�\�� �F�K�L�O�G�� �V�R�Q�J�V�� �D�Q�G�� �V�S�R�N�H�Q�� �Q�X�U�V�H�U�\�� �U�K�\�P�H�V�� ���–�O�D�U�L���� ������������ �0�D�U�N�R�Y�D����
2018). A song can be understood as a text set onto a tune. It consists of melodies 
�D�Q�G���U�K�\�W�K�P�V���V�X�Q�J���W�R���D���V�W�H�D�G�\���E�H�D�W�����/�R�P�D�[�����������������6�D�Y�D�J�H�����%�U�R�Z�Q�����6�D�N�D�L�����	���&�X�U�U�L�H����
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. 
�)�R�U�� �H�[�D�P�S�O�H���� �W�K�H�U�H�� �L�V�� �D�� �F�R�P�P�R�Q�� �W�H�Q�G�H�Q�F�\�� �L�Q�� �:�H�V�W�H�U�Q�� �R�U�D�O�� �W�U�D�G�L�W�L�R�Q�V�� �W�R�� �S�O�D�F�H��
stressed syllables at stressed metrical positions in the melody (DeCastro-Arrazola, 
�.�U�D�Q�H�Q�E�X�U�J�����	���-�D�Q�V�V�H�Q�����������������'�H�O�O���	���+�D�O�O�H�������������������7�K�H���W�H�U�P��nursery rhyme is often 
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 
�V�R�Q�J�V�����Z�L�W�K���Y�H�U�V�H���V�W�U�X�F�W�X�U�H�����U�K�\�P�H�����U�H�J�X�O�D�U���P�H�W�H�U�����E�X�W���D�U�H���Q�R�W���E�R�X�Q�G���W�R���D���V�S�H�F�L�4�F��
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 �O�L�Q�H�V�� ���V�H�H�� �)�L�J�X�U�H�� �������� �I�R�U�� �D�O�O������
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 

�Z�L�W�K���E�O�D�F�N���G�R�W�V�����X�Q�G�H�U���W�K�H���W�H�[�W�������O�L�Q�H���4�Q�D�O���U�K�\�P�H���K�L�J�K�O�L�J�K�W�H�G���Z�L�W�K���E�O�D�F�N���U�H�F�W�D�Q�J�O�H�����S�K�U�D�V�H���Y�H�U�V�H���V�W�U�X�F�W�X�U�H��

indicated with horizontal brackets on top of the musical notes.

Verse lines are a rather large structural unit in poetry (indicated with horizontal 
�O�L�Q�H�V�� �L�Q�� �)�L�J�X�U�H�� ������������ �%�H�L�Q�J�� �D�� �V�X�E�F�R�P�S�R�Q�H�Q�W�� �R�I�� �H�D�F�K�� �Y�H�U�V�H�� ���)�D�E�E���� �������������� �W�K�H�\�� �F�D�Q��
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�\�H�V���	���.�D�X�Q�����������������/�H�K�U�G�D�K�O���	���-�D�F�N�H�Q�G�R�•�������������������Z�K�L�F�K���L�Q���W�K�H���H�[�D�P�S�O�H���L�Q���)�L�J�X�U�H��
1.1 are aligned. The phrase structure of oral language play thus often resembles 
�V�\�Q�W�D�F�W�L�F�� �V�W�U�X�F�W�X�U�H�� ���V�H�H�� �I�X�U�W�K�H�U�� �F�K�D�S�W�H�U�� �������� �)�R�U�� �L�Q�I�D�Q�W�V���� �V�H�Q�V�L�W�L�Y�L�W�\�� �W�R�� �W�K�H�� �X�Q�L�W�V�� �R�I��
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. 
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Rhythm can be considered a “series of temporal intervals” with no inherent 
�V�W�U�X�F�W�X�U�H�� ���+�D�Q�Q�R�Q�� �	�� �-�R�K�Q�V�R�Q���� �������������� �–�Q�� �W�K�H�� �H�[�D�P�S�O�H�� �V�R�Q�J�� �L�Q�� �)�L�J�X�U�H�� ���������� �U�K�\�W�K�P��
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 
�U�K�\�W�K�P�����–�Q���S�R�H�W�U�\�����P�H�W�H�U���U�H�I�H�U�V���W�R���W�K�H���S�D�W�W�H�U�Q���R�I���D���4�[�H�G���Q�X�P�E�H�U���R�I���V�W�U�H�V�V�H�G���D�Q�G��
�X�Q�V�W�U�H�V�V�H�G���V�\�O�O�D�E�O�H�V���O�D�L�G���R�Q���W�R�S���R�I���H�D�F�K���Y�H�U�V�H���O�L�Q�H�����$�U�O�H�R�����������������%�X�U�O�L�Q�J�����������������.�H�O�O�\��
�	�� �5�X�E�L�Q���� ������������ �6�H�O�N�L�U�N���� �������������� �6�W�U�H�V�V�H�G�� �D�Q�G�� �X�Q�V�W�U�H�V�V�H�G�� �V�\�O�O�D�E�O�H�V�� �W�R�J�H�W�K�H�U�� �I�R�U�P��
�S�U�R�V�R�G�L�F���I�H�H�W�����D���U�H�S�H�D�W�L�Q�J���U�K�\�W�K�P�L�F���X�Q�L�W�����%�����+�D�\�H�V���������������� �1�H�V�S�R�U���	�� �9�R�J�H�O������������������
In a song or melody, one salient level of meter is represented by the beat, i.e. the 
�Q�R�W�H���O�L�V�W�H�Q�H�U�V���Z�R�X�O�G���W�D�S���W�K�H�L�U���4�Q�J�H�U�V���W�R�����+�D�Q�Q�R�Q�����1�D�Y�H���%�O�R�G�J�H�W�W�����	���1�D�Y�H������������������
�–�Q���W�K�H���H�[�D�P�S�O�H���L�Q���)�L�J�X�U�H�����������S�R�H�W�L�F���D�Q�G���P�H�O�R�G�L�F���P�H�W�H�U���D�U�H���D�O�L�J�Q�H�G�����P�H�D�Q�L�Q�J���W�K�D�W��
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 
�	�� �.�L�S�D�U�V�N�\���� ������������ �%���� �+�D�\�H�V���� ������������ ������������ �.�H�O�O�\�� �	�� �5�X�E�L�Q���� �������������� �%�\�� �U�H�F�R�J�Q�L�]�L�Q�J�� �W�K�H��
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 
�Z�K�H�W�K�H�U�� �D�G�X�O�W�� �D�Q�G�� �L�Q�I�D�Q�W�� �O�L�V�W�H�Q�H�U�V�� �E�H�Q�H�4�W�� �I�U�R�P�� �D�� �U�H�J�X�O�D�U�� �P�H�W�H�U�� �L�Q�� �W�K�H�L�U�� �U�K�\�P�H��
perception and their neural alignment with the rhythm of speech. 

Rhyme�� �U�H�I�H�U�V�� �W�R�� �S�K�R�Q�R�O�R�J�L�F�D�O�� �L�G�H�Q�W�L�W�\�� �R�I�� �V�X�E�V�W�U�L�Q�J�V�� �R�I�� �Y�H�U�V�H�� �O�L�Q�H�V�� ���3�H�X�V�W���� ������������
�6�W�D�O�O�Z�R�U�W�K�\���� �������������� �7�K�H�� �U�H�F�X�U�U�L�Q�J�� �S�K�R�Q�R�O�R�J�L�F�D�O�� �P�D�W�H�U�L�D�O�� �R�F�F�X�U�V�� �P�R�V�W�O�\�� �O�L�Q�H���4�Q�D�O��
in child songs and nursery rhymes, although it can also be found line-initially or 
�O�L�Q�H���L�Q�W�H�U�Q�D�O�O�\���� �7�K�L�V���G�L�V�V�H�U�W�D�W�L�R�Q���Z�L�O�O���R�Q�O�\���F�R�Q�F�H�U�Q���O�L�Q�H���4�Q�D�O���U�K�\�P�H�����D�V���W�K�L�V���W�\�S�H���L�V��
�P�R�V�W���S�U�H�Y�D�O�H�Q�W���L�Q���:�H�V�W���*�H�U�P�D�Q�L�F���O�D�Q�J�X�D�J�H�V�����3�H�X�V�W�������������������–�Q���)�L�J�X�U�H�����������D���W�\�S�L�F�D�O��
�O�L�Q�H���4�Q�D�O���U�K�\�P�H���L�V���L�Q�G�L�F�D�W�H�G���L�Q���W�K�H���E�O�D�F�N���U�H�F�W�D�Q�J�O�H�����Z�K�H�U�H��bos (forest) rhymes with 
los ���O�H�W���O�R�R�V�H�������0�R�U�H���V�S�H�F�L�4�F�D�O�O�\�����W�K�H���F�R�P�E�L�Q�D�W�L�R�Q���R�I���V�\�O�O�D�E�O�H���Q�X�F�O�H�X�V���D�Q�G���F�R�G�D����-os, 
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 l from 
the rime -os�� �L�Q�� �W�K�H�� �U�K�\�P�H�� �H�[�D�P�S�O�H�� �L�Q�� �)�L�J�X�U�H�� ���������� �L�V�� �R�I�� �S�U�R�I�R�X�Q�G�� �L�P�S�R�U�W�D�Q�F�H�� �I�R�U��
the development of literacy (Ziegler & Goswami, 2005). Rhyme awareness enables 
�F�K�L�O�G�U�H�Q���W�R���U�H�5�H�F�W���R�Q���W�K�H���S�K�R�Q�R�O�R�J�L�F�D�O���V�W�U�X�F�W�X�U�H���R�I���Z�R�U�G�V�����Z�K�L�F�K���L�Q���W�X�U�Q���V�X�S�S�R�U�W�V��
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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1
the early precursors of rhyme awareness (Bryant, Bradley, MacLean, & Crossland, 
������������ �'�X�Q�V�W���� �0�H�W�H�U���� �	�� �+�D�P�E�\���� ������������ �0�D�F�/�H�D�Q���� �%�U�\�D�Q�W���� �	�� �%�U�D�G�O�H�\���� �������������� �–�Q�� �W�K�H��
current dissertation, we apply this hypothesis to even younger children, namely 
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 
�S�K�R�Q�R�O�R�J�L�F�D�O���S�U�R�V�R�G�L�F�� �I�R�U�P�� �R�Y�H�U�� �V�H�P�D�Q�W�L�F�� �F�R�Q�W�H�Q�W�� ���-�D�N�R�E�V�R�Q�� �	�� �:�D�X�J�K���� ������������
Menninghaus et al., 2015a). The focus on form over semantic content renders 
oral language play ubiquitous in interactions with pre-verbal infants. Crucially, oral 
�O�D�Q�J�X�D�J�H���S�O�D�\���L�Q���D���J�L�Y�H�Q���O�D�Q�J�X�D�J�H���D�P�S�O�L�4�H�V���S�K�R�Q�R�O�R�J�L�F�D�O���D�Q�G���W�\�S�R�O�R�J�L�F�D�O���W�H�Q�G�H�Q�F�L�H�V��
�R�I���W�K�H���U�H�V�S�H�F�W�L�Y�H���O�D�Q�J�X�D�J�H�����E�X�W���D�O�V�R���U�H�V�H�P�E�O�H�V���F�U�R�V�V�O�L�Q�J�X�L�V�W�L�F���X�Q�L�Y�H�U�V�D�O�V�����.�L�S�D�U�V�N�\��
�������������)�D�E�E�����������������)�R�U���L�Q�I�D�Q�W�V�����W�K�H�U�H���L�V���W�K�X�V���S�R�W�H�Q�W�L�D�O�O�\���D���O�R�W���W�R���O�H�D�U�Q���I�U�R�P���R�U�D�O���O�D�Q�J�X�D�J�H��
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 
�Q�X�U�V�H�U�\���U�K�\�P�H���V�W�L�P�X�O�L�����W�R���D�V�V�H�V�V���Z�K�H�W�K�H�U���U�H�J�X�O�D�U���P�H�W�H�U���L�Q�5�X�H�Q�F�H�V���D�G�X�O�W�V�����L�P�S�O�L�F�L�W��
rhyme perception in poetry. In addition to these experimental results, we relate 
�R�X�U�� �4�Q�G�L�Q�J�V�� �W�R�� �F�R�Q�F�X�U�U�H�Q�W�� �D�Q�G�� �I�X�W�X�U�H�� �Y�R�F�D�E�X�O�D�U�\�� �V�L�]�H���� �W�R�� �H�O�X�F�L�G�D�W�H�� �D�� �S�R�W�H�Q�W�L�D�O��
contribution of oral language play to infants’ language development.

Methodological considerations
Stimuli

Throughout the studies reported here, naturalistic song and nursery rhyme 
�V�W�L�P�X�O�L�� �Z�H�U�H�� �H�P�S�O�R�\�H�G���� �7�K�L�V�� �V�W�U�H�Q�J�W�K�H�Q�V�� �W�K�H�� �H�F�R�O�R�J�L�F�D�O�� �Y�D�O�L�G�L�W�\�� �R�I�� �R�X�U�� �4�Q�G�L�Q�J�V��
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 
�W�K�H���V�S�H�H�F�K���V�W�L�P�X�O�L���I�U�R�P���D���S�U�H�Y�L�R�X�V���V�W�X�G�\�����-�R�K�Q�V�R�Q���	���6�H�L�G�O�������������������7�K�H�\���U�H�V�H�P�E�O�H��
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 
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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-
�4�Q�D�O���S�V�H�X�G�R�Z�R�U�G�V�����V�H�H���U�H�V�S�H�F�W�L�Y�H���F�K�D�S�W�H�U�V���I�R�U���G�H�W�D�L�O�������–�Q���F�K�D�S�W�H�U�V�������D�Q�G�������V�S�R�N�H�Q��
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 
�S�U�H�Y�L�R�X�V�� �U�H�V�H�D�U�F�K�� �D�V�V�H�V�V�L�Q�J�� �W�K�H�� �V�D�P�H�� �F�D�S�D�F�L�W�\�� �L�Q�� �V�S�R�N�H�Q�� �O�D�Q�J�X�D�J�H�� ���-�R�K�Q�V�R�Q�� �	��
�6�H�L�G�O�����������������-�X�V�F�]�\�N�����*�R�R�G�P�D�Q�����	���%�D�X�P�D�Q�Q�������������������)�R�U���F�K�D�S�W�H�U�V�������D�Q�G���������V�O�L�J�K�W�O�\��
older infants were tested, 10.5-month-olds. This age group was sampled in an 
�D�W�W�H�P�S�W���W�R���J�D�L�Q���P�R�U�H���U�R�E�X�V�W���H�•�H�F�W�V���W�K�D�Q���L�Q���D���S�U�H�Y�L�R�X�V���V�W�X�G�\�����F�K�D�S�W�H�U���������D�Q�G���D�J�D�L�Q��
in accordance with previous research testing similar processing abilities in spoken 
�O�D�Q�J�X�D�J�H�����-�X�Q�J�H�����&�X�W�O�H�U�����	���+�D�J�R�R�U�W�����������������-�X�Q�J�H�����.�R�R�L�M�P�D�Q�����+�D�J�R�R�U�W�����	���&�X�W�O�H�U����������������
�.�R�R�L�M�P�D�Q�����+�D�J�R�R�U�W�����	���&�X�W�O�H�U�����������������.�R�R�L�M�P�D�Q�����-�X�Q�J�H�����-�R�K�Q�V�R�Q�����+�D�J�R�R�U�W�����	���&�X�W�O�H�U����
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 
�O�L�V�W�H�Q�H�U�����D�V���L�W���P�H�D�V�X�U�H�V���O�R�R�N�L�Q�J���W�L�P�H�V���I�R�U���G�L�•�H�U�H�Q�W���W�\�S�H�V���R�I���V�W�L�P�X�O�L���H�D�F�K���S�U�H�V�H�Q�W�H�G��
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 
�W�L�P�H���F�R�X�U�V�H���R�I���V�W�L�P�X�O�X�V���S�U�R�F�H�V�V�L�Q�J���U�H�P�D�L�Q�V���R�E�O�L�T�X�H�����.�R�R�L�M�P�D�Q�����-�R�K�Q�V�R�Q�����	���&�X�W�O�H�U����
2008). Therefore, the subsequent studies employed electroencephalography 
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1
(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 
���-�X�Q�J�H�� �H�W���D�O������ ������������ ������������ �.�R�R�L�M�P�D�Q�� �H�W���D�O������ ������������ �������������� �7�Z�R�� �W�\�S�H�V�� �R�I�� �U�K�\�P�H�� �(�5�3�V��
were investigated: rhyme sensitivity and rhyme repetition . Rhyme sensitivity was 
�P�H�D�V�X�U�H�G���D�W���W�K�H���4�U�V�W���S�R�L�Q�W���R�I���G�L�Y�H�U�V�L�R�Q���E�H�W�Z�H�H�Q���U�K�\�P�L�Q�J���D�Q�G���Q�R�Q���U�K�\�P�L�Q�J���V�R�Q�J�V��
�Q�X�U�V�H�U�\�� �U�K�\�P�H�V���� �L���H������ �Z�K�H�U�H�� �W�K�H�� �U�K�\�P�H�� �L�V�� �U�H�S�H�D�W�H�G�� �I�R�U�� �W�K�H�� �4�U�V�W�� �W�L�P�H�� �L�Q�� �U�K�\�P�L�Q�J��
�E�X�W�� �Q�R�W�� �L�Q�� �Q�R�Q���U�K�\�P�L�Q�J�� �V�W�L�P�X�O�L���� �7�K�H�� �U�K�\�P�H�� �U�H�S�H�W�L�W�L�R�Q�� �H�•�H�F�W�� �Z�D�V�� �P�H�D�V�X�U�H�G�� �D�V��
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 
�F�R�U�U�H�O�D�W�H�G���Z�L�W�K���L�Q�I�D�Q�W���Y�R�F�D�E�X�O�D�U�\���V�L�]�H�����D�J�D�L�Q���I�R�O�O�R�Z�L�Q�J���S�U�H�Y�L�R�X�V���U�H�V�H�D�U�F�K�����-�X�Q�J�H���	��
�&�X�W�O�H�U�����������������-�X�Q�J�H���H�W���D�O��������������������

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 
�S�K�R�Q�H�P�H�V���� �H�D�F�K�� �R�F�F�X�U�U�L�Q�J�� �D�W�� �G�L�•�H�U�H�Q�W�� �W�L�P�H�� �V�F�D�O�H�V�� �Z�L�W�K�L�Q�� �W�K�H�� �D�F�R�X�V�W�L�F�� �V�W�L�P�X�O�X�V����
�D�U�H�� �U�H�5�H�F�W�H�G�� �L�Q�� �Q�H�X�U�D�O�� �D�F�W�L�Y�L�W�\�� �L�Q�� �V�S�H�F�L�4�F�� �R�V�F�L�O�O�D�W�R�U�\�� �I�U�H�T�X�H�Q�F�\�� �E�D�Q�G�V�� ���*�L�U�D�X�G�� �	��
�3�R�H�S�S�H�O���� ������������ �2�E�O�H�V�H�U�� �	�� �.�D�\�V�H�U���� ������������ �3�H�H�O�O�H�� �	�� �'�D�Y�L�V���� �������������� �7�K�L�V�� �U�H�O�D�W�L�R�Q�V�K�L�S��
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 
�D�P�S�O�L�W�X�G�H�� �H�Q�Y�H�O�R�S�H���� �6�S�H�F�L�4�F�D�O�O�\���� �6�%�&�� �Z�D�V�� �P�H�D�V�X�U�H�G�� �I�R�U�� �W�K�H�� �V�W�U�H�V�V�� �D�Q�G�� �V�\�O�O�D�E�O�H��
�U�K�\�W�K�P���R�I���V�S�R�N�H�Q���Q�X�U�V�H�U�\���U�K�\�P�H�V���W�R���L�Q�I�H�U���Z�K�H�W�K�H�U���W�K�H�V�H���U�K�\�W�K�P�V���D�U�H���U�H�5�H�F�W�H�G���L�Q��
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, 
�%�O�D�F�N�����3�D�O�O�H�U�����	���:�H�U�N�H�U�����������������-�H�V�V�H�Q�����)�L�H�G�O�H�U�����0�¾�Q�W�H�����	���2�E�O�H�V�H�U�����������������.�D�O�D�V�K�Q�L�N�R�Y�D����
�3�H�W�H�U���� �'�L�� �/�L�E�H�U�W�R���� �/�D�O�R�U���� �	�� �%�X�U�Q�K�D�P���� ������������ �/�D�Q�J���� �2�W�W���� �*�L�X�G�L�F�H���� �	�� �6�F�K�D�E�X�V���� ������������
�0�H�Q�Q���H�W���D�O�������������������2�U�W�L�]���%�D�U�D�M�D�V�����*�X�H�Y�D�U�D�����	���*�H�U�Y�D�L�Q�����������������6�Q�L�M�G�H�U�V������������������

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 
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prosodic processing abilities and later general linguistic development (for review 
�V�H�H���� �&�U�L�V�W�L�D���� �6�H�L�G�O���� �-�X�Q�J�H���� �6�R�G�H�U�V�W�U�R�P���� �	�� �+�D�J�R�R�U�W���� ������������ �:�D�Q�J���� �6�H�L�G�O���� �	�� �&�U�L�V�W�L�D����
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 
�S�U�H�Y�L�R�X�V���V�W�X�G�L�H�V�����-�R�K�Q�V�R�Q���	���6�H�L�G�O�����������������1�D�]�]�L�����.�H�P�O�H�U���1�H�O�V�R�Q�����-�X�V�F�]�\�N�����	���-�X�V�F�]�\�N����
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. 
�–�Q�G�L�Y�L�G�X�D�O���G�L�•�H�U�H�Q�F�H�V���L�Q���U�K�\�P�H���S�H�U�F�H�S�W�L�R�Q���Z�L�O�O���E�H���U�H�O�D�W�H�G���W�R���F�R�Q�F�X�U�U�H�Q�W���D�Q�G���I�X�W�X�U�H��
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 �Z�K�H�W�K�H�U�� �U�H�J�X�O�D�U�� �P�H�W�H�U�� �L�Q�5�X�H�Q�F�H�V�� �D�G�X�O�W�V���� �L�P�S�O�L�F�L�W��
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�� �W�K�H�� �P�D�L�Q�� �4�Q�G�L�Q�J�V�� �R�I�� �W�K�L�V��
dissertation are summarized and discussed.
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Chapter 2

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

�7�K�L�V���F�K�D�S�W�H�U���L�V���D���V�O�L�J�K�W�O�\�� �P�R�G�L�4�H�G���Y�H�U�V�L�R�Q���R�I���� �� �+�D�K�Q���/���� �(������ �%�H�Q�G�H�U�V���7������ �6�Q�L�M�G�H�U�V���7����
�0�������)�L�N�N�H�U�W���3�������������������6�L�[���P�R�Q�W�K���R�O�G���L�Q�I�D�Q�W�V���U�H�F�R�J�Q�L�]�H���S�K�U�D�V�H�V���L�Q���V�R�Q�J���D�Q�G���V�S�H�H�F�K����
Infancy.25(5):699-718.

Data, materials and analysis scripts for this study are available at: 
https://osf.io/4zvad
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Abstract
Infants exploit acoustic boundaries to perceptually organize phrases in speech. This 
�S�U�R�V�R�G�L�F���S�D�U�V�L�Q�J���D�E�L�O�L�W�\���L�V���Z�H�O�O���D�W�W�H�V�W�H�G�����1�D�]�]�L���H�W���D�O�������������������-�R�K�Q�V�R�Q���	���6�H�L�G�O�����������������D�Q�G��
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 
�P�R�G�D�O�L�W�\���L�Q���W�K�H���+�H�D�G�W�X�U�Q���3�U�H�I�H�U�H�Q�F�H���3�U�R�F�H�G�X�U�H�����)�L�U�V�W�����L�Q�I�D�Q�W�V���Z�H�U�H���I�D�P�L�O�L�D�U�L�]�H�G���W�R��
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 
�W�K�H���S�D�V�V�D�J�H���F�R�Q�W�D�L�Q�L�Q�J���W�K�H���Z�H�O�O���I�R�U�P�H�G���V�H�T�X�H�Q�F�H�����E�X�W���R�Q�O�\���L�Q���D���P�R�U�H���4�Q�H���J�U�D�L�Q�H�G��
analysis. The preference for well-formed phrases was also observed in the song 
modality, indicating that infants recognize phrase structure in song. There were 
�D�F�R�X�V�W�L�F���G�L�•�H�U�H�Q�F�H�V���E�H�W�Z�H�H�Q���V�W�L�P�X�O�L���R�I���W�K�H���F�X�U�U�H�Q�W���D�Q�G���S�U�H�Y�L�R�X�V���V�W�X�G�L�H�V�����V�X�J�J�H�V�W�L�Q�J��
�W�K�D�W���L�Q�I�D�Q�W�V���D�U�H���5�H�[�L�E�O�H���L�Q���W�K�H�L�U���S�U�R�F�H�V�V�L�Q�J���R�I���E�R�X�Q�G�D�U�\���F�X�H�V���Z�K�L�O�H���D�O�V�R���S�U�R�Y�L�G�L�Q�J���D��
�S�R�V�V�L�E�O�H���H�[�S�O�D�Q�D�W�L�R�Q���I�R�U���G�L�•�H�U�H�Q�F�H�V���L�Q���H�•�H�F�W���V�L�]�H�V��
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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., 
�������������7�U�H�K�X�E�����8�Q�\�N�����	���7�U�D�L�Q�R�U�������������D�������<�R�X�Q�J���F�K�L�O�G�U�H�Q���D�U�H���H�[�S�R�V�H�G���W�R���V�R�Q�J�V���L�Q���D��
�K�L�J�K�O�\�� �U�L�W�X�D�O�L�]�H�G�� �D�Q�G�� �U�H�S�H�W�L�W�L�Y�H�� �I�D�V�K�L�R�Q�� ���%�H�U�J�H�V�R�Q�� �	�� �7�U�H�K�X�E���� ������������ �&�X�V�W�R�G�H�U�R�� �	��
�-�R�K�Q�V�R�Q���*�U�H�H�Q�����������������&�X�V�W�R�G�H�U�R�����5�H�E�H�O�O�R���%�U�L�W�W�R�����	���%�U�R�R�N�V���*�X�Q�Q�����������������–�O�D�U�L������������������
and ID-song clearly serves social-emotional functions: to soothe or stimulate the 
�L�Q�I�D�Q�W���D�Q�G���W�R���V�W�U�H�Q�J�W�K�H�Q���W�K�H���E�R�Q�G���E�H�W�Z�H�H�Q���F�D�U�H�J�L�Y�H�U���D�Q�G���L�Q�I�D�Q�W�����&�L�U�H�O�O�L���H�W���D�O������������������
�&�R�U�E�H�L�O���H�W���D�O�������������������6�K�H�Q�4�H�O�G���H�W���D�O������������������

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 
�Z�R�U�G�V�� �L�Q�� �V�R�Q�J�� �O�\�U�L�F�V���� �I�R�U�� �H�[�D�P�S�O�H���� �D�O�U�H�D�G�\�� �E�H�I�R�U�H�� �W�K�H�L�U�� �4�U�V�W���E�L�U�W�K�G�D�\�� �L�Q�I�D�Q�W�V��
�U�H�F�R�J�Q�L�]�H���F�K�D�Q�J�H�V���L�Q���W�K�H���V�\�O�O�D�E�O�H���R�U�G�H�U���L�Q���V�R�Q�J�V�����)�U�D�Q�©�R�L�V���H�W���D�O�������������������/�H�E�H�G�H�Y�D���	��
�.�X�K�O���� ������������ �6�X�S�S�D�Q�H�Q�� �H�W�� �D�O������ ������������ �7�K�L�H�V�V�H�Q�� �	�� �6�D�I�I�U�D�Q���� �������������� �G�L�I�I�H�U�H�Q�W�L�D�W�H��
�E�H�W�Z�H�H�Q��rhyming and non-rhyming songs (chapter ��), and learn novel words 
recurring in �W�K�H���V�R�Q�J���O�\�U�L�F�V�����6�Q�L�M�G�H�U�V�����%�H�Q�G�H�U�V�����	���)�L�N�N�H�U�W����������������

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) 
���1�H�V�S�R�U���	���9�R�J�H�O�����������������6�K�D�W�W�X�F�N���+�X�I�Q�D�J�H�O���	���7�X�U�N�������������������6�S�H�D�N�H�U�V���V�L�J�Q�D�O���S�U�R�V�R�G�L�F��
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, 
�'�D�X�W�U�L�F�K�H�����	���&�K�U�L�V�W�R�S�K�H�����������������+�D�Z�W�K�R�U�Q�H���	���*�H�U�N�H�Q�����������������D�Q�G���V�W�L�P�X�O�D�W�H�V���W�K�H�L�U��
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

�2�Y�H�U���W�K�H���F�R�X�U�V�H���R�I���W�K�H���4�U�V�W���\�H�D�U���R�I���O�L�I�H�����L�Q�I�D�Q�W�V���G�H�Y�H�O�R�S���V�H�Q�V�L�W�L�Y�L�W�\���W�R���W�K�H���L�Q�V�W�D�Q�W�L�D�W�L�R�Q��
�R�I���S�U�R�V�R�G�L�F���E�R�X�Q�G�D�U�L�H�V���L�Q���W�K�H�L�U���Q�D�W�L�Y�H���O�D�Q�J�X�D�J�H�����-�R�K�Q�V�R�Q���	���6�H�L�G�O�����������������:�H�O�O�P�D�Q�Q����
�+�R�O�]�J�U�H�I�H���� �7�U�X�F�N�H�Q�E�U�R�G�W���� �:�D�U�W�H�Q�E�X�U�J�H�U���� �	�� �+�¸�K�O�H���� �������������� �)�R�U���L�Q�I�D�Q�W�V���� �M�X�V�W���O�L�N�H���I�R�U��
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�D�G�X�O�W�V���� �W�K�H�� �S�U�R�V�R�G�L�F�� �S�D�F�N�D�J�L�Q�J�� �R�I�� �V�S�H�H�F�K�� �S�U�R�Y�L�G�H�V�� �D�� �S�H�U�F�H�S�W�X�D�O�� �4�O�W�H�U�� ���-�X�V�F�]�\�N�� �H�W��
al., 1992) that eases recognition, segmentation and memorization of linguistic 
�H�O�H�P�H�Q�W�V�� ���)�U�D�]�L�H�U���� �&�D�U�O�V�R�Q���� �	�� �&�O�L�I�W�R�Q���� ������������ �+�R�F�K�P�D�Q�Q���� �/�D�Q�J�X�V���� �	�� �0�H�K�O�H�U���� ������������
�-�R�K�Q�V�R�Q���� �6�H�L�G�O���� �	�� �7�\�O�H�U���� ������������ �0�D�Q�G�H�O���� �-�X�V�F�]�\�N���� �	�� �.�H�P�O�H�U�� �1�H�O�V�R�Q���� ������������ �6�H�L�G�O�� �	��
�-�R�K�Q�V�R�Q�����������������6�K�X�N�O�D�����:�K�L�W�H�����	���$�V�O�L�Q����������������

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 
�D�Q�G���V�S�H�H�F�K�����'�H�X�W�V�F�K���	���)�H�U�R�H�����������������+�H�•�Q�H�U���	���6�O�H�Y�F�����������������/�H�K�U�G�D�K�O���	���-�D�F�N�H�Q�G�R�•����
�������������5�L�H�P�D�Q�Q�����������������7�U�D�L�Q�R�U���	���$�G�D�P�V�����������������D�Q�G���S�U�R�V�R�G�L�F���S�K�U�D�V�H���V�H�J�P�H�Q�W�D�W�L�R�Q��
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 
�S�U�R�V�R�G�L�F���S�K�U�D�V�H���E�R�X�Q�G�D�U�L�H�V�����(�Q�G�U�H�V�V���	���+�D�X�V�H�U�����������������/�D�Q�J�X�V�����0�D�U�F�K�H�W�W�R�����%�L�R�Q�����	��
Nespor, 2012) and American-English infants can exploit the prosody of non-native 
�O�D�Q�J�X�D�J�H�V���� �H���J������ �-�D�S�D�Q�H�V�H�� ���+�D�Z�W�K�R�U�Q�H���� �0�D�]�X�N�D���� �	�� �*�H�U�N�H�Q���� �������������� �3�R�O�L�V�K�� ���-�X�V�F�]�\�N����
2003) and even American Sign Language (Brentari, González, 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.

�9�D�U�L�R�X�V���D�V�S�H�F�W�V���R�I���–�'���V�L�Q�J�L�Q�J���P�D�\���E�H���S�D�U�W�L�F�X�O�D�U�O�\���E�H�Q�H�4�F�L�D�O���I�R�U���L�Q�I�D�Q�W�V�����U�H�F�R�J�Q�L�W�L�R�Q��
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 
�F�X�H�V���W�R���S�K�U�D�V�D�O���E�R�X�Q�G�D�U�L�H�V�����'�H�O�D�Y�H�Q�Q�H�����*�U�D�W�L�H�U�����	���'�H�Y�R�X�F�K�H�����������������)�D�O�N���	���.�H�O�O�R����
�������������/�H�R�Q�J���	���*�R�V�Z�D�P�L�����������������/�R�Q�J�K�L�������������������D�Q�G���Z�L�W�K���S�D�U�W�L�F�X�O�D�U�O�\���V�D�O�L�H�Q�W���D�F�R�X�V�W�L�F��
�E�R�X�Q�G�D�U�\���F�X�H�V�����)�D�O�N���	���.�H�O�O�R�����������������7�U�D�L�Q�R�U�����&�O�D�U�N�����+�X�Q�W�O�H�\�����	���$�G�D�P�V�������������������6�R�Q�J�V��
thus provide infants with ample time to process an acoustic stimulus that is rich 
�L�Q���V�W�U�X�F�W�X�U�D�O���F�X�H�V�����0�R�U�H�R�Y�H�U�����V�R�Q�J�V���J�U�D�E���L�Q�I�D�Q�W�V�
���D�W�W�H�Q�W�L�R�Q���D�W���O�H�D�V�W���D�V���H�•�H�F�W�L�Y�H�O�\���D�V��
�–�'���V�S�H�H�F�K�����&�R�U�E�H�L�O�����7�U�H�K�X�E�����	���3�H�U�H�W�]�����������������&�R�V�W�D���*�L�R�P�L�������������������D�Q�G���S�R�V�V�L�E�O�\���P�R�U�H��
���1�D�N�D�W�D���	���7�U�H�K�X�E�����������������7�V�D�Q�J���H�W���D�O������������������

The arguments provided so far all suggest that infants might be able to parse phrasal 
�X�Q�L�W�V�� �I�U�R�P�� �–�'���V�R�Q�J���� �<�H�W���� �W�K�H�U�H�� �D�U�H�� �D�O�V�R�� �G�L�•�H�U�H�Q�F�H�V�� �L�Q�� �W�K�H�� �D�F�R�X�V�W�L�F�� �L�Q�V�W�D�Q�W�L�D�W�L�R�Q��
of boundary cues between song and speech (see e.g., references in Merrill et al., 
�������������� �)�R�U�� �L�Q�I�D�Q�W�V�� �W�R�� �U�H�F�R�J�Q�L�]�H�� �S�K�U�D�V�H�� �V�W�U�X�F�W�X�U�H�� �L�Q�� �V�R�Q�J�V���� �W�K�H�\�� �W�K�X�V�� �Q�H�H�G�� �5�H�[�L�E�O�H��
representations of phrase boundaries which adjust to the song modality. So far, the 
�D�Y�D�L�O�D�E�O�H���O�L�W�H�U�D�W�X�U�H���G�R�H�V���Q�R�W���S�U�R�Y�L�G�H���F�R�Q�F�O�X�V�L�Y�H���H�Y�L�G�H�Q�F�H���I�R�U���W�K�L�V���5�H�[�L�E�L�O�L�W�\��

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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�S�U�H�V�F�K�R�R�O�H�U�V�� ���3�R�O�L�W�L�P�R�X���� �'�D�O�O�D���%�H�O�O�D���� �)�D�U�U�X�J�L�D���� �	�� �)�U�D�Q�F�R���� ������������ �D�Q�G���F�K�L�O�G�U�H�Q���Z�L�W�K��
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 
a relationship between phrase perception and grammar development focused on 
���S�U�H���V�F�K�R�R�O���F�K�L�O�G�U�H�Q�����3�R�O�L�W�L�P�R�X���H�W���D�O�������������������5�L�F�K�D�U�G�V���	���*�R�V�Z�D�P�L�������������������Z�K�H�U�H�D�V��
�S�U�R�V�R�G�L�F���S�D�U�V�L�Q�J���D�O�U�H�D�G�\���G�H�Y�H�O�R�S�V���Z�L�W�K�L�Q���W�K�H���4�U�V�W���\�H�D�U���R�I���O�L�I�H�����&�D�U�Y�D�O�K�R�����'�D�X�W�U�L�F�K�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 
�D�Q�G���V�R�Q�J���L�V���V�S�D�U�V�H�����–�Q���D���V�H�P�L�Q�D�O���V�W�X�G�\���E�\���-�X�V�F�]�\�N���D�Q�G���.�U�X�P�K�D�Q�V�O�����������������������P�R�Q�W�K��
�R�O�G�V���G�L�•�H�U�H�Q�W�L�D�W�H�G���E�H�W�Z�H�H�Q���H�[�F�H�U�S�W�V���I�U�R�P���0�R�]�D�U�W���0�L�Q�X�H�W�V���Z�L�W�K���S�D�X�V�H�V���D�W���Q�D�W�X�U�D�O��
(phrase boundary) positions and excerpts with unnatural pauses (within phrases). 
�$���I�R�O�O�R�Z���X�S���V�W�X�G�\���Z�L�W�K���$�P�H�U�L�F�D�Q���(�Q�J�O�L�V�K���L�Q�I�D�Q�W�V���H�[�W�H�Q�G�H�G���W�K�L�V���4�Q�G�L�Q�J���W�R���P�H�O�R�G�L�H�V��
�I�U�R�P���Q�R�Q���Z�H�V�W�H�U�Q�����-�D�S�D�Q�H�V�H���� �F�K�L�O�G���V�R�Q�J�V�����-�X�V�F�]�\�N���� �������������� �L�Q�G�L�F�D�W�L�Q�J���W�K�D�W���P�H�O�R�G�L�F��
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 
�E�H�L�Q�J�� �D�F�F�H�V�V�L�E�O�H���� �����P�R�Q�W�K���R�O�G�V�� �G�L�•�H�U�H�Q�W�L�D�W�H�G�� �U�K�\�P�L�Q�J�� ���D�Q�G�� �W�K�X�V�� �P�R�U�H�� �Q�D�W�X�U�D�O����
songs from non-rhyming (and thus less natural) songs, but the study did not test 
�Z�K�H�W�K�H�U�� �W�K�L�V�� �G�L�•�H�U�H�Q�W�L�D�W�L�R�Q�� �K�D�V�� �L�P�S�O�L�F�D�W�L�R�Q�V�� �I�R�U�� �W�K�H�� �S�U�R�F�H�V�V�L�Q�J�� �R�I�� �W�K�H�� �O�L�Q�J�X�L�V�W�L�F��
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 
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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 
�K�D�V�� �E�H�H�Q�� �D�G�R�S�W�H�G�� �L�Q�� �Q�X�P�H�U�R�X�V�� �V�X�E�V�H�T�X�H�Q�W�� �V�W�X�G�L�H�V�� ���6�H�L�G�O���� ������������ �6�H�L�G�O�� �	�� �&�U�L�V�W�L�D����
�������������6�R�G�H�U�V�W�U�R�P�����.�H�P�O�H�U���1�H�O�V�R�Q�����	���-�X�V�F�]�\�N�������������������&�U�L�W�L�F�D�O�O�\���I�R�U���W�K�H���S�U�H�V�H�Q�W���V�W�X�G�\����
Dutch 6-month-olds also showed the same preference for the passage containing 
�W�K�H���Z�H�O�O���I�R�U�P�H�G���Z�R�U�G���V�H�T�X�H�Q�F�H�����-�R�K�Q�V�R�Q���	���6�H�L�G�O����������������

Whether infants’ prosodic parsing ability extends to the musical modality has 
�D�O�U�H�D�G�\���E�H�H�Q���H�[�S�O�R�U�H�G���L�Q���W�Z�R���V�K�R�U�W���U�H�S�R�U�W�V�����+�D�Z�W�K�R�U�Q�H���	���*�H�U�N�H�Q�����������������1�D�]�]�L���H�W���D�O������
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 
�L�Q�I�D�Q�W�V�����S�K�U�D�V�H���V�H�J�P�H�Q�W�D�W�L�R�Q���R�I���–�'���V�S�H�H�F�K�����I�R�U���'�X�W�F�K�����-�R�K�Q�V�R�Q���	���6�H�L�G�O�����������������W�K�H��
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 
�V�\�Q�W�D�F�W�L�F�� �V�W�U�X�F�W�X�U�H���� �2�X�U�� �D�S�S�U�R�D�F�K�� �V�L�J�Q�L�4�F�D�Q�W�O�\�� �H�[�W�H�Q�G�V�� �S�U�H�Y�L�R�X�V�� �Z�R�U�N�� �L�Q�� �W�Z�R��
�Z�D�\�V���� �)�L�U�V�W���� �L�Q�I�D�Q�W�V���� �S�U�R�F�H�V�V�L�Q�J�� �R�I�� �V�R�Q�J�� �O�\�U�L�F�V�� �K�D�V�� �V�R�� �I�D�U�� �E�H�H�Q�� �O�L�P�L�W�H�G�� �W�R�� �V�P�D�O�O�H�U��
�S�K�R�Q�R�O�R�J�L�F�D�O�� �D�Q�G�� �O�H�[�L�F�D�O�� �E�X�L�O�G�L�Q�J�� �E�O�R�F�N�V�� ���)�U�D�Q�©�R�L�V�� �H�W�� �D�O������ ������������ �+�D�K�Q�� �H�W�� �D�O������ ����������
���F�K�D�S�W�H�U�� �������� �/�H�E�H�G�H�Y�D�� �	�� �.�X�K�O���� ������������ �6�Q�L�M�G�H�U�V�� �H�W�� �D�O������ ������������ �6�X�S�S�D�Q�H�Q�� �H�W�� �D�O������ ������������
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�7�K�L�H�V�V�H�Q���	�� �6�D�•�U�D�Q������������������ �:�H���Z�L�O�O���H�[�W�H�Q�G���W�K�H���V�F�R�S�H���R�I���W�K�L�V���U�H�V�H�D�U�F�K���W�R���S�K�U�D�V�H�V����
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 
�L�Q�� �S�R�O�\�S�K�R�Q�L�F�� �L�Q�V�W�U�X�P�H�Q�W�D�O�� �P�X�V�L�F�� ���-�X�V�F�]�\�N�� �	�� �.�U�X�P�K�D�Q�V�O���� ������������ �.�U�X�P�K�D�Q�V�O�� �	��
�-�X�V�F�]�\�N���� �������������� �P�R�Q�R�S�K�R�Q�L�F�� �P�H�O�R�G�L�H�V�� ���1�D�]�]�L�� �H�W�� �D�O������ ������������ �+�D�Z�W�K�R�U�Q�H�� �	�� �*�H�U�N�H�Q����
������������ �D�Q�G�� �Q�R�Q���Q�D�W�L�Y�H�� �F�K�L�O�G�� �V�R�Q�J�V�� ���-�X�V�F�]�\�N���� �������������� �H�P�S�O�R�\�L�Q�J�� �W�K�H�� �W�\�S�H�� �R�I�� �P�X�V�L�F�D�O��
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 
�L�Q���D���4�Q�D�O���G�D�W�D�V�H�W���R�I���Q��� ���������R�U���Q��� ���������L�Q�I�D�Q�W�V���G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���U�H�V�S�H�F�W�L�Y�H���D�Q�D�O�\�V�L�V����
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 
�D�S�S�U�R�Y�D�O�� �I�R�U�� �W�K�H�� �V�W�X�G�\�� �Z�D�V�� �R�E�W�D�L�Q�H�G�� �I�U�R�P�� �W�K�H�� �(�W�K�L�H�N�� �&�R�P�P�L�V�V�L�H�� �)�D�F�X�O�W�H�L�W�� �G�H�U��
Sociale Wetenschappen (ECSW) at Radboud University in Nijmegen, Netherlands. 
Caregivers had the choice between 10€ or a book as a reward for their participation. 
�7�K�H���U�H�V�X�O�W�V���R�I���D���T�X�H�V�W�L�R�Q�Q�D�L�U�H���R�Q���P�X�V�L�F�D�O���H�[�S�R�V�X�U�H���F�R�Q�4�U�P�H�G���W�K�D�W���D�O�O���S�D�U�W�L�F�L�S�D�Q�W�V��
were regularly exposed to songs and music from electronic devices and human 
singers (the results of the questionnaire are summarized in the online materials).

�$���S�R�Z�H�U���D�Q�D�O�\�V�L�V���X�V�L�Q�J���*�
�3�R�Z�H�U�����)�D�X�O�����(�U�G�I�H�O�G�H�U�����/�D�Q�J�����	���%�X�F�K�Q�H�U�������������������E�D�V�H�G���R�Q��
�(�[�S�H�U�L�P�H�Q�W�������R�I���-�R�K�Q�V�R�Q���D�Q�G���6�H�L�G�O�������������������H�V�W�L�P�D�W�H�G���F�R�U�U�H�O�D�W�L�R�Q���E�H�W�Z�H�H�Q���J�U�R�X�S�V��
set to 0.5, Cohen’s d

Experiment 1 = 0.35) resulted in a required minimum sample of 52 



26

CHAPTER 2

�L�Q�I�D�Q�W�V���W�R���G�H�W�H�F�W���W�K�H���S�K�U�D�V�H���V�H�J�P�H�Q�W�D�W�L�R�Q���H�•�H�F�W���L�Q���H�D�F�K���P�R�G�D�O�L�W�\�������������S�R�Z�H�U���L�Q��
one-sided t-test with 
� = .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�\�� �-�R�K�Q�V�R�Q�� �D�Q�G�� �6�H�L�G�O�� �������������� �(�[�S�H�U�L�P�H�Q�W�������� �K�H�Q�F�H�I�R�U�W�K�� �
�-�	�6�������� �6�W�L�P�X�O�L�� �Z�H�U�H�� �Q�R�Y�H�O��
�V�S�R�N�H�Q�� �D�Q�G�� �V�X�Q�J�� �U�H�F�R�U�G�L�Q�J�V�� �R�I�� �W�K�H�� �-�	�6�� �V�W�L�P�X�O�L���� �F�R�P�S�O�H�P�H�Q�W�H�G�� �E�\�� �D�� �V�H�F�R�Q�G��
stimulus set. The basis of all stimulus materials was a pair of text passages from 
�-�	�6�����E�R�W�K���F�R�Q�V�L�V�W�L�Q�J���R�I���W�K�U�H�H���V�H�Q�W�H�Q�F�H�V�����V�H�S�D�U�D�W�H�G���E�\���W�Z�R���S�K�U�D�V�H���E�R�X�Q�G�D�U�L�H�V�����V�H�H��
Table 2.1, Pair 1). 

Table 2.1  Texts from Passage Pair 1 and 2.

Pair 1 (Melody 1)
copied from Johnson and Seidl 

(2008)

Pair 2 (Melody 2)
created in analogy to pair 1 passage 1

passage 1

Tante vraagt zich af wat de jongens eten.
Koude pizza smaakt niet zo goed . 
Hun opa vindt dat wel erg lekker.

Aunt wonders what the boys are eating. 
Cold pizza doesn’t taste so good.  Their 
grandpa really likes that.

Oma krijgt meteen wat de meisjes maken. 
�+�H�W�H���N�R�]�H wordt heel snel oud. 
Hun vriendje heeft toch nog geen beker.

Grandma soon gets what the girls are making. 
�+�R�W���F�R�•�H�H gets old really quickly. Their friend 
has no cup yet.

passage 2

Het staat in de oven. 
De jongens eten koude pizza . 
Smaakt niet zo goed in de vroege 
ochtend.

Ze zijn in de keuken. 
De meisjes maken �K�H�W�H���N�R�]�H�� 
Wordt heel snel oud, als je hem niet op 
drinkt.

It’s (placed) in the oven. The boys are 
eating cold pizza. (It) doesn’t taste so good 
in the early morning.

They are in the kitchen. The girls make hot 
�F�R�•�H�H�� Gets old really quickly,���L�I���\�R�X���G�R�Q���W���4�Q�L�V�K��
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 

�V�H�T�X�H�Q�F�H�V���F�R�Q�V�L�V�W���R�I���W�K�H���V�D�P�H���Z�R�U�G�V���E�X�W���G�L�•�H�U���L�Q���S�K�U�D�V�D�O���V�W�U�X�F�W�X�U�H�������'�X�U�L�Q�J���W�K�H���W�H�V�W���S�K�D�V�H���L�Q�I�D�Q�W�V���K�H�D�U��

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 
�Z�D�V�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �'�X�W�F�K�� �V�W�L�P�X�O�L�� �R�I�� �-�	�6���� �Z�L�W�K�� �D�� �V�O�L�J�K�W�� �F�K�D�Q�J�H�� �W�R�� �4�W�� �W�K�H�� �P�H�O�R�G�\1.  
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 
���)�L�J�X�U�H���������������3�D�V�V�D�J�H�������Z�D�V���V�H�W���R�Q�W�R���P�H�O�R�G�\���������
�6�H�D���6�D�Z���0�D�U�J�H�U�\���'�D�Z�������R�U�L�J�L�Q�D�O�O�\��
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 naïve 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 naïve 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�� �V�W�L�P�X�O�L���� �7�K�H���V�L�Q�J�H�U���V�S�H�D�N�H�U���Z�D�V���L�Q�V�W�U�X�F�W�H�G���W�R���V�S�H�D�N���D�Q�G���V�L�Q�J�� �L�Q���D���O�L�Y�H�O�\���� �F�K�L�O�G��
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 
�V�H�T�X�H�Q�F�H�V���Z�H�U�H���F�X�W���I�U�R�P���H�D�F�K���S�D�V�V�D�J�H�����R�Q�H���L�Q�W�H�U�Q�D�O���D�Q�G���R�Q�H���V�W�U�D�G�G�O�L�Q�J�����V�H�H���)�L�J�X�U�H��
2.2), resulting in 8 sequences for the sung and 8 sequences for the spoken modality. 

���E���:�H���V�O�L�J�K�W�O�\���P�R�G�L�4�H�G���R�Q�H���S�K�U�D�V�H�����R�U�L�J�L�Q�D�O���Z�R�U�G�L�Q�J�����
�+�X�Q���]�X�V���Y�L�Q�G�W���G�D�W���O�H�N�N�H�U��������Their sister likes that’. 

�1�R�Y�H�O���Z�R�U�G�L�Q�J�����
�+�X�Q���R�S�D���Y�L�Q�G�W���G�D�W���Z�H�O���H�U�J���O�H�N�N�H�U��������Their grandpa really likes that.’
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Figure 2.2�� �(�[�D�P�S�O�H�� �V�W�L�P�X�O�X�V���� �$�O�O�� �V�X�E�4�J�X�U�H�V�� �G�H�Q�R�W�H�� �Z�D�Y�H�I�R�U�P���� �V�R�Q�R�J�U�D�P���� �V�S�H�F�W�U�R�J�U�D�P�� �D�Q�G�� �W�H�[�W���J�U�L�G��

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 
�V�P�D�D�N�W���������@�����X�V�L�Q�J���3�U�D�D�W�����V�R�X�Q�G���4�O�H�V���D�Q�G���F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�H�[�W���J�U�L�G�V���F�D�Q���E�H���I�R�X�Q�G���L�Q��
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 
�S�D�W�W�H�U�Q���Z�D�V���I�R�X�Q�G�����S�L�W�F�K���L�Q�F�U�H�D�V�H�G���D�W���W�K�H���4�Q�D�O���Y�R�Z�H�O���D�Q�G���W�K�H�Q���G�H�F�U�H�D�V�H�G���D�W���W�K�H��
�4�U�V�W���Y�R�Z�H�O���R�I���W�K�H���I�R�O�O�R�Z�L�Q�J���S�K�U�D�V�H�����7�K�H���V�S�H�D�N�H�U���W�K�X�V���X�V�H�G���D���U�L�V�L�Q�J���E�R�X�Q�G�D�U�\���W�R�Q�H��
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�� ���V�H�H�� �7�D�E�O�H�� ���� �L�Q�� �W�K�H�� �R�Q�O�L�Q�H�� �P�D�W�H�U�L�D�O�V������ �7�K�H�� �O�R�Q�J�H�U�� �S�D�X�V�H�V�� �E�H�W�Z�H�H�Q�� �V�H�Q�W�H�Q�F�H�V��
together with the overall slower speech rate of the current stimuli resulted in 
�O�D�U�J�H���G�L�•�H�U�H�Q�F�H�V���L�Q���R�Q�V�H�W���W�L�P�H���R�I���W�K�H���F�U�L�W�L�F�D�O���V�H�T�X�H�Q�F�H�����V�H�H���7�D�E�O�H�������L�Q���W�K�H���R�Q�O�L�Q�H��
�P�D�W�H�U�L�D�O�V������ �7�K�H�V�H�� �G�L�•�H�U�H�Q�F�H�V�� �Z�L�O�O�� �E�H�� �W�D�N�H�Q�� �L�Q�W�R�� �D�F�F�R�X�Q�W�� �L�Q�� �W�K�H�� �D�Q�D�O�\�V�L�V�� �R�I�� �W�K�H��
�O�R�R�N�L�Q�J���W�L�P�H���G�D�W�D�����V�H�H���V�H�F�W�L�R�Q���0�L�[�H�G���H�•�H�F�W���P�R�G�H�O���D�Q�D�O�\�V�L�V���E�H�O�R�Z�������)�X�U�W�K�H�U�P�R�U�H����
�W�K�H���S�L�W�F�K���U�H�V�H�W���D�W���W�K�H���S�K�U�D�V�H���E�R�X�Q�G�D�U�L�H�V���R�I�� �W�K�H���V�W�U�D�G�G�O�L�Q�J�� �V�H�T�X�H�Q�F�H�V���R�I�� �W�K�H���-�	�6��
study was less pronounced in the stimuli of the current study (see Table 6 in the 
�R�Q�O�L�Q�H���P�D�W�H�U�L�D�O�V�������S�U�R�E�D�E�O�\���G�X�H���W�R���W�K�H���V�O�L�J�K�W�O�\���G�L�•�H�U�H�Q�W���L�Q�W�R�Q�D�W�L�R�Q���D�Q�G���W�K�H���U�L�V�L�Q�J��
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 
�P�D�Q�L�S�X�O�D�W�L�R�Q�� �R�I�� �W�K�H�� �V�X�Q�J�� �D�Q�G�� �V�S�R�N�H�Q�� �V�H�T�X�H�Q�F�H�V���� �7�K�H�� �W�K�U�H�H�� �M�X�G�J�H�V�� �Z�H�U�H�� �4�U�V�W��
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 
�W�H�V�W���W�U�L�D�O�V�����7�K�H���H�Q�W�L�U�H���V�H�V�V�L�R�Q���Z�D�V���Y�L�G�H�R���U�H�F�R�U�G�H�G���I�R�U���R�^�L�Q�H���U�H�O�L�D�E�L�O�L�W�\���F�R�G�L�Q�J�����V�H�H��
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 
���H�•�H�F�W�� �R�I�� �P�R�G�D�O�L�W�\���� �E�H�W�Z�H�H�Q�� �V�X�E�M�H�F�W�V������ �)�R�O�O�R�Z�L�Q�J�� �1�D�]�]�L���V�� �������������� �+�H�D�G�W�X�U�Q��
�3�U�H�I�H�U�H�Q�F�H�� �3�U�R�F�H�G�X�U�H���� �L�Q�I�D�Q�W�V�� �Z�H�U�H�� �4�U�V�W�� �I�D�P�L�O�L�D�U�L�]�H�G�� �Z�L�W�K�� �W�Z�R�� �V�H�T�X�H�Q�F�H�V�� �R�I�� �W�K�H��
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 
�Z�D�V�� �L�O�O���I�R�U�P�H�G���� �$�S�D�U�W�� �I�U�R�P�� �W�K�L�V�� �D�F�R�X�V�W�L�F�� �G�L�•�H�U�H�Q�F�H���� �W�K�H�� �H�[�D�F�W�� �V�D�P�H�� �Z�R�U�G�V�� �Z�H�U�H��
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 
���7�D�E�O�H���������������)�R�U���W�K�H���D�Q�D�O�\�V�L�V�����O�R�R�N�L�Q�J���W�L�P�H�V���W�R���W�K�H���S�D�V�V�D�J�H�V���Z�H�U�H���D�V�V�H�V�V�H�G�����:�K�L�F�K��
passage functioned as the internal and which as the straddling passage was 
determined by the content of the respective sequence used during familiarization 
���H�•�H�F�W���R�I���F�R�Q�G�L�W�L�R�Q�����Z�L�W�K�L�Q���V�X�E�M�H�F�W�V������

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 
�O�L�V�W���� �R�Q�H�� �S�D�L�U�� �R�I�� �S�D�V�V�D�J�H�V�� �Z�D�V�� �X�V�H�G�� �D�Q�G�� �S�U�H�V�H�Q�W�D�W�L�R�Q�� �V�L�G�H�� �R�I�� �W�K�H�� �4�U�V�W�� �V�W�L�P�X�O�X�V��
(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���� �&�D�U�H�J�L�Y�H�U�V�� �Z�H�U�H�� �4�U�V�W�� �E�U�L�H�I�H�G�� �D�E�R�X�W�� �W�K�H�� �H�[�S�H�U�L�P�H�Q�W�D�O��
�S�U�R�F�H�G�X�U�H���D�Q�G���4�O�O�H�G���R�X�W���W�K�H���P�X�V�L�F���H�[�S�R�V�X�U�H���V�X�U�Y�H�\�����V�H�H���W�K�H���R�Q�O�L�Q�H���P�D�W�H�U�L�D�O�V���I�R�U��
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 
���L�Q�� �D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K�� �-�	�6������ �:�L�W�K�L�Q�� �W�K�H�� �W�H�V�W�� �S�K�D�V�H���� �H�D�F�K�� �L�Q�I�D�Q�W�� �Z�D�V�� �S�U�H�V�H�Q�W�H�G�� �Z�L�W�K��
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.

�7�K�H���I�X�O�O���H�[�S�H�U�L�P�H�Q�W�D�O���V�H�V�V�L�R�Q���O�D�V�W�H�G���D�E�R�X�W���4�Y�H���P�L�Q�X�W�H�V�����G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���Q�X�P�E�H�U��
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.

�0�L�[�H�G���H�•�H�F�W���P�R�G�H�O���D�Q�D�O�\�V�L�V

�/�L�Q�H�D�U�� �P�L�[�H�G���H�•�H�F�W�� �P�R�G�H�O�V�� �Z�H�U�H�� �X�V�H�G�� �W�R�� �D�Q�D�O�\�]�H�� �G�L�•�H�U�H�Q�F�H�V�� �L�Q�� �O�R�R�N�L�Q�J�� �W�L�P�H�V��
between the internal and straddling passages in the test phase of the experiment. 
�7�Z�R���P�R�G�H�O�V���Z�H�U�H���4�W�����R�Q�H���W�R���W�K�H���I�X�O�O���G�D�W�D�V�H�W���R�I���D�O�O���W�U�L�D�O�V���I�U�R�P���D�O�O���F�K�L�O�G�U�H�Q����N = 83, 
n =�� ������ �L�Q�� �V�R�Q�J���� �������� �W�U�L�D�O�V���� �������� �W�U�L�D�O�V�� �L�Q�� �V�R�Q�J���� �D�Q�G�� �D�� �V�H�F�R�Q�G�� �P�R�G�H�O�� �V�W�D�U�W�L�Q�J�� �I�U�R�P��
trials during which infants had attended long enough to be presented with the 
�4�U�V�W�����������P�V���R�I���W�K�H���F�U�L�W�L�F�D�O���V�H�T�X�H�Q�F�H���Z�L�W�K�L�Q���W�K�H���W�H�V�W���S�D�V�V�D�J�H����n = 80, n = 39 in song, 
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 
�L�Q���W�K�H���S�U�H�V�H�Q�W���F�R�P�S�D�U�H�G���W�R���W�K�H���-�	�6���V�W�L�P�X�O�L�����D�V���G�H�V�F�U�L�E�H�G���D�E�R�Y�H�����1�R�W�H���W�K�D�W���W�K�U�H�H��
subjects were excluded from the second model because they did not contribute 
trials for both conditions in this dataset. The remaining 80 infants contributed 
�D�Q�� �D�Y�H�U�D�J�H�� �R�I�� ���� �W�U�L�D�O�V�� �S�H�U�� �F�R�Q�G�L�W�L�R�Q�� ���U�D�Q�J�H���� �������� �I�R�U�� �E�R�W�K�� �F�R�Q�G�L�W�L�R�Q�V������ �7�K�H�� �4�[�H�G��
�H�•�H�F�W�V���R�I���E�R�W�K���P�R�G�H�O�V���Z�H�U�H���������E�R�X�Q�G�D�U�\���F�R�Q�G�L�W�L�R�Q�����L�Q�W�H�U�Q�D�O���Y�V�����V�W�U�D�G�G�O�L�Q�J�����F�R�G�H�G��
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 modality 2���� �7�K�H�� �U�D�Q�G�R�P�� �H�•�H�F�W�V�� �V�W�U�X�F�W�X�U�H��
�R�I�� �E�R�W�K�� �P�R�G�H�O�V�� �Z�D�V�� �V�S�H�F�L�4�H�G�� �W�R�� �L�Q�F�O�X�G�H�� �U�D�Q�G�R�P�� �L�Q�W�H�U�F�H�S�W�V�� �I�R�U�� �S�D�U�W�L�F�L�S�D�Q�W�� �D�Q�G��
�E�\���S�D�U�W�L�F�L�S�D�Q�W�� �U�D�Q�G�R�P�� �V�O�R�S�H�V�� �I�R�U�� �W�K�H�� �H�•�H�F�W�� �R�I�� �H�[�S�H�U�L�P�H�Q�W�D�O�� �F�R�Q�G�L�W�L�R�Q�� ���L�Q�W�H�U�Q�D�O��

���E�� �1�R�W�H�� �W�K�D�W�� �Z�H�� �U�D�Q�� �D�G�G�L�W�L�R�Q�D�O�� �D�Q�D�O�\�V�H�V�� �R�Q�� �W�K�H�� �I�X�O�O�� �G�D�W�D�V�H�W�� �Z�L�W�K�� �D�� �Y�H�U�V�L�R�Q�� �R�I�� �P�R�G�H�O�� ���� �W�K�D�W�� �L�Q�F�O�X�G�H�G��

�(�[�S�H�U�L�P�H�Q�W���9�H�U�V�L�R�Q���D�V���D���4�[�H�G���H�•�H�F�W���������9�H�U�V�L�R�Q�V���I�R�U���H�D�F�K���0�R�G�D�O�L�W�\�������7�K�L�V���P�R�G�H�O���Z�D�V���U�D�Q�N���G�H�4�F�L�H�Q�W���D�Q�G���K�D�G��

�K�L�J�K�H�U���$�–�&�V���D�Q�G���%�–�&�V���W�K�D�Q���W�K�H���V�D�P�H���P�R�G�H�O���Z�L�W�K�R�X�W���W�K�L�V���4�[�H�G���H�•�H�F�W�����:�H���W�K�H�U�H�I�R�U�H���G�H�F�L�G�H�G���W�R���U�H�P�R�Y�H���W�K�L�V��

�H�•�H�F�W���I�U�R�P���P�R�G�H�O���������D�Q�G���G�L�G���Q�R�W���L�Q�F�O�X�G�H���L�W���L�Q���P�R�G�H�O���������7�K�H���U�H�V�X�O�W�V���I�R�U���P�R�G�H�O�������Z�L�W�K���D�Q�G���Z�L�W�K�R�X�W���W�K�H���I�D�F�W�R�U��

Experiment Version were qualitatively the same.
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���� �V�W�U�D�G�G�O�L�Q�J������ �:�H�� �G�H�O�L�E�H�U�D�W�H�O�\�� �F�K�R�V�H�� �Q�R�W�� �W�R�� �V�S�H�F�L�I�\�� �W�K�H�� �P�D�[�L�P�D�O�� �U�D�Q�G�R�P�� �H�•�H�F�W�V��
structure (Barr, Levy, Scheepers, & Tily, 2013), because the use of only two pairs 
�R�I�� �S�D�V�V�D�J�H�V�� �I�R�U�� �V�S�H�H�F�K�� �D�Q�G�� �V�R�Q�J�� �G�L�G�� �Q�R�W�� �Z�D�U�U�D�Q�W�� �V�S�H�F�L�4�F�D�W�L�R�Q�� �R�I�� �L�W�H�P���U�H�O�D�W�H�G��
�U�D�Q�G�R�P�� �H�•�H�F�W�V���� �%�R�W�K�� �P�R�G�H�O�� ���� �D�Q�G�� ���� �Z�H�U�H�� �4�W�� �R�Q�W�R�� �E�R�[���F�R�[�� �W�U�D�Q�V�I�R�U�P�H�G�� �O�R�R�N�L�Q�J��
times ( 
( = 0.12 for model 1, 
( = -0.02 for model 2 (Csibra, Hernik, Mascaro, Tatone, 
& Lengyel, 2016)). The R-package ”lmerTest” was used to run the models and 
�H�Y�D�O�X�D�W�H���V�L�J�Q�L�4�F�D�Q�F�H���R�I���W�K�H���H�•�H�F�W�V�����.�X�]�Q�H�W�V�R�Y�D�����%�U�R�F�N�K�R�•�����	���&�K�U�L�V�W�H�Q�V�H�Q����������������

�5�H�V�X�O�W�V���R�I���P�L�[�H�G���H�•�H�F�W���P�R�G�H�O���D�Q�D�O�\�V�L�V

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 
���)�L�J�X�U�H���������������7�K�H���V�H�F�R�Q�G���O�L�Q�H�D�U���P�L�[�H�G���H�•�H�F�W���P�R�G�H�O�����7�D�E�O�H�������������U�X�Q���R�Q���W�K�L�V���&�U�L�W�L�F�D�O��
Sequence data set (model 1, n � �������������������W�U�L�D�O�V�����U�H�Y�H�D�O�H�G���V�L�J�Q�L�4�F�D�Q�W���P�D�L�Q���H�•�H�F�W�V���R�I��
Condition (t = 2.21, ß = 0.05 , p = .03), Modality (t = 2.78, ß = 1.0 , p = .007) and the 
linear and quadratic polynomial of Test Trial Number (t = -4.39, ß = -0.28 , p <��������������
t = 3.42, ß = 0.22 , p <�����������������7�K�H�U�H���Z�D�V���Q�R���V�L�J�Q�L�4�F�D�Q�W���L�Q�W�H�U�D�F�W�L�R�Q���E�H�W�Z�H�H�Q���&�R�Q�G�L�W�L�R�Q��
and Modality (t = 0.24, ß = 0.01, p = .81) and thus no evidence that segmentation is 
easier in song than in speech.

Considering all trials from all children (N � �������������������W�U�L�D�O�V�������Z�H���G�L�G���Q�R�W���4�Q�G���H�Y�L�G�H�Q�F�H��
for a preference for passages with the phrase-internal or the phrase-straddling 
�V�H�T�X�H�Q�F�H���Q�R�U���G�L�G���Z�H���4�Q�G���H�Y�L�G�H�Q�F�H���W�K�D�W���O�R�R�N�L�Q�J���W�L�P�H�V���G�L�•�H�U�H�G���E�H�W�Z�H�H�Q���V�R�Q�J���D�Q�G��
�V�S�H�H�F�K�����)�L�J�X�U�H�������L�Q���W�K�H���R�Q�O�L�Q�H���P�D�W�H�U�L�D�O�V�������7�K�H���O�L�Q�H�D�U���P�L�[�H�G���H�•�H�F�W���P�R�G�H�O���������7�D�E�O�H��
���������� �R�Q�O�\�� �L�Q�G�L�F�D�W�H�G�� �V�L�J�Q�L�4�F�D�Q�W�� �P�D�L�Q�� �H�•�H�F�W�V�� �R�I�� �W�K�H�� �O�L�Q�H�D�U�� ��t = -7.34, ß = -1.84, p < 
.001) and quadratic (t = 2.19, ß = 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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