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Abstract

This thesis focuses on the information dynamics of children’s melody and, more specifically,
on modeling children’s perception of melodic surface. The topic of children’s melody has
not received much attention in the past, and there are currently no clear definitions of
what exactly a “children’s melody” is. As neither children’s folk songs nor children’s songs
are now recognized as a unique genre, the study of children’s melody is pertinent to efforts
to provide new insight into both genres.

In addition, children’s melody is addressed within the context of three major research
objectives: (i) musical segmentation in children of different ages, (ii) (ir)regularity in chil-
dren’s folk songs, and (iii) (dis)similarities in the use of musical features and dimensions
between and within 22 European countries. The purpose of the research presented here is
to fill current gaps in all three fields.

The majority of studies on the mechanisms underlying perceptual grouping in music
include adult participants, and few studies have examined how infants and children of a
particular age perceive and organize musical structure. There has been little to no research
on how children of different ages perceive and process music. Consequently, the first part
investigates how children of varying ages perceive musical boundaries and how music is
segmented in order to fully comprehend the perception of music segmentation and present
a more complete picture of human segmentation.

The second part examines the (ir)regularity of children’s folk songs. Numerous studies
on children’s folk songs focus on the musical content, the social and cultural significance
of children’s folk songs and their relationship to adult music, the contribution of children’s
folk songs to cultural preservation, and their transmission from generation to generation.
(Ir)regularity and complexity of children’s folk songs and their impact on children’s per-
ception of musical structure are rarely discussed.

There are currently no studies addressing the (dis)similarities between and within coun-
tries in terms of how musical dimensions and features are perceived and utilized in folk
songs, children’s folk songs, and children’s songs. Therefore, the third part explores the
(dis)similarities in musical dimensions and features across these genres in 22 European
countries deemed to be geographically close or to have similar political, historical, eco-
nomic, and cultural backgrounds. The decision to include not just folk songs, but also
children’s folk songs and children’s songs as distinct genres from a given country is based
on the fact that children’s folk songs and children’s songs are rarely used in cross-cultural
studies.

A multidisciplinary approach is utilized by employing disciplines such as music theory,
music psychology, computational musicology, folkloristics, and information theory. The
Information Dynamics of Music (IDyOM) computational model is used for simulating
and modeling the listener’s perception of music and observing its structure, to uncover
meaningful and unexpected findings in all three research fields.
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Povzetek

Doktorska disertacija se osredoto¢a na informacijsko dinamiko otroske melodije, natanc¢neje
na modeliranje otrokovega dojemanja glasbene strukture melodije v otroskih in otroskih
ljudskih pesmih, ki v preteklosti niso bile delezne velike pozornosti. Ker niti otroske niti
otroske ljudske pesmi trenutno niso priznane kot edinstven in samostojen glasbeni zanr,
je raziskava teh pesmi pomembna v prizadevanju ponuditi nov vpogled v oba glasbena
zanra. Melodija v otrogkih in otroskih ljudskih pesmih se v doktorski disertaciji obravnava
v okviru treh vecjih raziskav: (i) dojemanje in segmentacija glasbene strukture pri otrocih
razli¢nih starosti, (ii) (i)regularnost glasbene strukture v otroskih ljudskih pesmih, (iii)
podobnosti/razlike glede uporabe glasbenih parametrov v otroskih (ljudskih) pesmih med
in znotraj 22 evropskih drzav. Namen teh treh raziskav je zapolnitev trenutnih vrzeli glede
razumevanja omenjenih vsebin na vseh treh podrodjih.

Prvi del doktorske disertacije obravnava dojemanje in segmentacijo glasbe. Vecina raz-
iskav 0 mehanizmih, na katerih temelji segmentacija glasbe, vkljuc¢uje odrasle udelezence
in le nekaj raziskav je usmerjenih na to, kako dojencki in otroci v neki doloceni starosti
zaznajo in organizirajo glasbeno strukturo. Ni raziskav o tem, kako otroci razli¢nih starosti
(od otrostva do adolescence) dojemajo in segmentirajo glasbo. Posledi¢no prvi del doktor-
ske disertacije raziskuje, kako otroci razli¢nih starosti zaznavajo glasbene fraze v melodiji in
kako jih segmentirajo, da bi bolj jasno razumeli dojemanje in segmentacije glasbe. Namen
je pridobiti tudi popolnejso sliko ¢loveske glasbene segmentacije — od otro$tva do odrasle
dobe.

Drugi del doktorske disertacije obravnava (i)regularnost glasbene strukture v otroskih
ljudskih pesmih. Stevilne raziskave o otrogkih ljudskih pesmih se osredotocajo na nji-
hovo glasbeno vsebino, druzbeni in kulturni pomen v druzbi ter na njihov prispevek pri
ohranjanju ljudskega glasbenega izrocila. Le redke raziskave obravnavajo (i)regularnost
in kompleksnost glasbene strukture v teh pesmih ter njihov vpliv na dojemanje glasbene
strukture pri otrocih.

Tretji del doktorske disertacije raziskuje podobnosti in razlike pri uporabi glasbenih
parametrov v otroskih, otroskih ljudskih in ljudskih pesmih med 22 evropskimi drzavami in
znotraj njih, saj trenutno ni raziskav na tem podroéju. Teh 22 evropskih drzav je izbranih
na osnovi njihove geografske blizine in na podlagi podobnega politi¢nega, zgodovinskega,
gospodarskega in kulturnega ozadja. Odlocitev, da se pri iskanju teh podobnosti in razlik
ne jemljejo v vzorec samo ljudske pesmi, temve¢ tudi otroske in otroske ljudske pesmi,
temelji na dejstvu, da se slednja dva glasbena zanra ne uporabljata ali pa se zelo redko
uporabljata v medkulturnih raziskavah.

V doktorski disertaciji je uporabljen multidisciplinarni pristop z uporabo disciplin, kot
so glasbena teorija, glasbena psihologija, ra¢unalniska muzikologija, folkloristika in infor-
macijska teorija. Ra¢unalnigki model, Information Dynamics of Music (IDyOM) je upora-
bljen za ra¢unalnisko simulacijo ¢loveske percepcije in modeliranje poslusal¢evega dojema-
nja glasbe ter opazovanje njene strukture, predvsem z namenom odkrivanja pomembnih
in nepri¢akovanih ugotovitev na vseh treh raziskovalnih podrodcjih.
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Chapter 1

Introduction

The voyage of discovery is not in
seeking new landscapes but in having
new eyes.

Marcel Proust

1.1 Motivation

When it comes to human perception, particularly musical perception, and computer mod-
eling, a variety of issues and debates arise, including the following: can a computer model
human perception of music? If this is the case, how precise is it? How much of a similarity
to a human does it exhibit? Is it advantageous? Is it possible to identify some peculiarities
that cannot be resolved using more conventional methods?

The problem lies in music itself. To begin with, music exists exclusively in humans.
Other species have music, but it is not processed, created, or combined in the same manner
that humans do. Darwin’s theory that all animals are capable of detecting and appreciating
rhythm and melody due to a neurological system that is comparable in humans and animals
(Darwin, 1871) has been challenged in various recent research papers (e.g., Honing et al.,
2018; Patel, 2014).

Secondly, we are biological organisms, and everything our brain produces is a biological
output. If we know that our brain contains around ten to the power of eleven neurons
(Kandel et al., 1991, pp. 19-20), the question is if we can model our mind and, if so, how
can we model something as sophisticated as music perception.

Finally, music is self-referential. As with any other language, music makes use of
distinct symbols that are arranged hierarchically, from the most fundamental to the most
sophisticated. For instance, notes (individual events) can be combined to produce motifs
(many events combined), motifs can be combined to phrases, and phrases to sentences,
and so on.

When we use the term “house” in a language, we may imagine what it refers to: a
house, regardless of its shape or color, because we are merely thinking about the term
“house”. When a musical motif is used (which can be regarded as a word in a language), as
in the first bar of Beethoven’s Fifth Symphony, each of us can have our own interpretation
of what the motif is providing, implying that the motif can provide anything. This is the
semantic meaning problem in music.

While we can claim that each element of a musical piece, or the entire piece, has
meaning, the extent to which it does is controversial, as there is no general agreement
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on the meaning of musical content. This is the musical semantics paradox: “music seems
full of meaning to ordinary and extraordinary listeners, yet no community of listeners can
agree |...| about the nature of that meaning” (Swain, 1997, p. 45).

With these three issues in mind, and returning to our initial question, “how to model
human perception of music,” we are posing a question that has occupied numerous scien-
tists, some of whom are more or less interested in music, for more than two centuries. Over
the years, various proposals, attempts, and techniques have been propositioned. Several
of them can be considered “milestones” in terms of simulating human perception of music,
including:

a) The use of musical-theory (e.g., Riemann, 1877; Schenker, 1935),

b) The use of experimental psychology (e.g., Deutsch, 1979, 1983; Lerdahl & Jackendoff,
1977; Meyer, 1956; Nan et al., 2006),

¢) The use of neuropsychology (e.g., Altenmiiller, 1993; E. Gordon, 1979; Hunter et al.,
2010; Trehub et al., 1990), and

d) The use of computational models (e.g., Chew, 2000; Huron, 1996; Longuet-Higgins,
1962; M. T. Pearce, 2005; Temperley, 2001; Volk et al., 2008)

The problem with applying musical theory (and its rules) to a certain style of music is
that it works flawlessly in one style but ultimately fails in another. This is not to argue that
musical syntax (the rules governing the usage of musical dimensions/elements individually
or in combination within a musical framework) should be avoided. While musical theory
is necessary for modeling, it is insufficient for simulating human perception of music.

Significant findings have been made in the field of experimental psychology, such as how
music is perceived /processed (e.g., pitch and time-based relations), what are the thresholds
(e.g., for pitch, loudness), and so on. Typically, some type of behavior is measured, but with
limitations, such as the limited number of participants who can be observed or examined,
the limited number of musical examples that can be analyzed (especially if these examples
are large), or the limited experimental scenarios that are available, which can be quite
expensive due to the difficulty of observing multiple types of behavior simultaneously.

Musical neuropsychology has advanced our understanding of human perception sig-
nificantly. This field focuses on determining which parts of the brain are active during
various musical activities in order to gain a better understanding of the role of general and
music-specific systems in musical perception, processing, and creativity. It has recently
become more popular (as seen by a rising number of studies) because it incorporates brain
imaging, which is the visualization of how the human brain functions in response to diverse
musical stimuli.

The use of a computational method for the modeling of human perception is another
key milestone. The development of computational models began around 1960, owing to ad-
vancements in technology and the digitization of music. The latter entails having extensive
collections of digitized music at one’s disposal for musicological, psychological, musical-
theoretical, and other study purposes. The increasing use of computational models can
also be explained by the ability to provide an objective representation of music, identify sig-
nificant features within a musical structure, compare human music processing/production,
and simulate human perception of music.

Several areas (tasks) in which computational models have been applied include the
examination of tonality (Longuet-Higgins, 1962), melody analysis (Huron, 1996), music
analysis (Smaill et al., 1993), determining stable tonal areas vs. areas of tonal modulation
(Chew, 2000), exploring rhythm-meter with a rule-based approach (Temperley, 2001) and
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rhythm-meter with a probability-based approach (Raphael, 2001), exploring pulse patterns
(Volk, 2008), segmentation research (M. T. Pearce, Miillensiefen, et al., 2010a; Tenney &
Polansky, 1980), prediction of melodic expectancy and human behavior (M. T. Pearce &
Wiggins, 2006a, 2012), etc.

The use of computational models continues to expand (according to research studies
and the specific activities for which they are used). However, certain topics are not covered
or are simply ignored when computational models are applied. These areas are discussed
further in Subsections 1.3 and 1.4.

1.2 The Information Dynamics of Music (IDyOM)

When examining the musical surface with artificial intelligence, it is necessary to establish
proper “‘communication” between music and computers, i.e., the sound must be “captured,”
which can be accomplished through the use of symbolic representations of notes or other
musical events, or audio representations of acoustic sound waves.

In this thesis, the musical surface (musical input) is captured using the Information
Dynamics of Music (IDyOM), a computational cognitive model! of music perception (M. T.
Pearce, 2005). Because the model cannot process dynamic, timbral, or textual changes, the
musical input is represented symbolically in IDyOM. IDyOM learns progressively about
musical syntactic structure and its sequential regularities after being exposed to a corpus
of music after importing musical examples in MIDI format.?

The computational perceptual model IDyOM has proven to be an accurate predictor of
melodic expectancy (M. T. Pearce & Wiggins, 2006a; Sauvé & Pearce, 2019), of behaviour
and neural measures (EEG) of melodic expectedness (Agres et al., 2018; M. T. Pearce,
Ruiz, et al., 2010), of phrase boundaries (M. T. Pearce, Miillensiefen, et al., 2010a). It
has been manifested that it provides a good quantitative model of cultural distance (M. T.
Pearce, 2018).

IDyOM is based on n-gram models, which are used effectively in the biological domain,
in natural language processing, statistical machine learning, artificial intelligence, from
1950 on in music research related tasks (e.g., in machine improvisation, music information
retrieval, cognitive modelling). An n-gram model is a collection of sequences, s, consisting
of n symbols (characters/events), each of which is associated with a frequency count. The
model calculates the probability of a symbol s, based on a history h = s1...s,_1, P(sn|h).
Where n = 1, a monogram model, a zeroth—order model is determining the predictions,
meaning that a symbol s, is independent from the previous context (symbols). In a bigram
model, n = 2, the probability of a symbol depends just on the previous one, and so on.

When using fixed-order n-gram models, low orders may fail to provide a good model of
the global structure on the distributions, while high orders may not capture enough of the
statistical regularity in a sequence. This trade-off may be addressed by using hierarchical
forms of n-gram model (e.g., G. A. Wiggins & Sanjekdar, 2019), and this is arguably a
necessary feature if a model is to describe the structure of sequences that include long-term
dependencies (Widmer, 2016). However, IDyOM has been shown to capture the structure
of melody extremely well, suggesting that such long-term dependencies are not significant
in this context.

A special case occurs when in a sequence of symbols an unseen symbol is encountered,
providing an estimated probability of zero (M. T. Pearce & Wiggins, 2006b; A. G. Wiggins

The word “model” has been used in this paper as a term for the IDyOM ‘theory-and-system’, and
also for some of its components (models of data). IDyOM may be downloaded from https://github.com/
mtpearce/idyom/wiki

2 Another possibility is to import musical examples in ** kern format: more in Huron (1997)
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et al., 2009). These issues are addressed in IDyOM by implementing different strategies,
among other, by extending the basic n-gram modelling to a Variable-Order Markov Model
(VMM) over a finite alphabet 3, where the conditional probability distributions are com-
bined in a way that reflects the statistics obtained from the training data (Begleiter et al.,
2004). VMMs, in contrast to basic n-gram models, are able to capture contexts of different
length in a single probabilistic model.

IDyOM uses a complex methodology in estimating probabilities of an event e given a
history h. The central component in IDyOM is a sequence prediction model, the adaptive?
lossless data compression algorithm PPM*, an improved version of PPM (Prediction by
Partial Match). In the classic PPM algorithm, originally introduced by Cleary and Witten
(1984), the maximum context length is a fixed constant k, where k denotes the number
of preceding events used in the prediction task. A “suite” of fixed-order context models
is used, with different values of k, from 0 up to pre-determined maximum. The learning
about context-dependent conditional probability distributions is gradual (Steinruecken et
al., 2015). The process of prediction starts by default with the model with the largest k,
followed by orders with a smaller value of k in case an event is novel, and is terminated
when all the events are encoded.

A separate probability distribution in each model is calculated from counts of all the
events that have followed every subsequence of length k in that particular model. If there
are models with different values of k, it means that different probability distributions are
obtained from these models, which are in the end effectively combined in a single model.
This is achieved with blending, using an escape method, where artificial escape symbols
are put in a transition from higher to lower-order context models in case a model does
not contain the input symbol (Drinic et al., 2003). In IDyOM, PPM* algorithm has been
used in combination with interpolated smoothing, a technique used in generating non-zero
probabilities to unseen events, as it has manifested to outperform the backoff smoothing
(M. T. Pearce, 2005)

IDyOM uses statistical learning and probabilistic prediction to acquire and process the
internal representations of a musical piece/style. IDyOM learns about syntactic structure
simply by being exposed to it while observing and analyzing content in a corpora of musical
pieces. From the perspective of the feature that is analyzed with a viewpoint or viewpoints,*
the likelihood of a forthcoming event is determined using sequential regularities (M. T.
Pearce, 2018).

IDyOM simulates a listener’s expectations in music (which is based on the knowledge
acquired during the entire lifetime) with a long-term model (LTM), which accumulates
statistical information about musical structure from a large corpus. As listeners are sensi-
tive to repeated patterns in an on-going listening experience, a second, short-term model
(STM) is also used, in which the information about the musical structure of the current
piece is learned dynamically and incrementally (M. T. Pearce, 2005, 2018). LTM and STM
predictions are then combined, and it has been shown that better prediction performance is
achieved by combining LTM and STM dynamically (Conklin, 1990; M. Pearce & Wiggins,
2004; M. T. Pearce, 2005; M. T. Pearce & Wiggins, 2006b).

1.3 Fundamental Question

One may infer that a children’s melody is a melody written specifically for children (e.g.,
by adults) or by children themselves. If it is a children’s melody, it must have all the
characteristics that make it appropriate for children. The children’s melody range should

3In the information-theoretic literature the term “adaptive” is understood as “sequential”
4More about viewpoints in Section 3.2.2
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meet, for example, the vocal range in preschool and school-aged children, include elements
of perfect chords and arpeggios, simple rhythm, stable tonality (diatonic melodies within
the key centers), only occasional chromatism, small intervals (without extreme leaps be-
tween tones), simple harmonic structure (with basic chords as tonic, subdominant and
dominant), binary over the ternary meter, simple form, frequent repetition of one tone,
motifs, phrases, and so on (Mihela¢ & Pani¢ Grazio, 2021).

Thus, in order to meet the social-emotional, cognitive-linguistic, and musical require-
ments of children of varying ages, the children’s melody must be (to a certain extent)
simple. This raises the fundamental question of whether or not it is appropriate to use
“simple” children’s melodies to answer important questions such as,

Q.1.: How is music segmented in the melodies of children of different ages?
Q.2.: How complex and (ir)regular is the musical structure of a children’s melody?

Q.3.: Are children’s melodies in children’s songs distinct enough to be recognized as a
specific genre, and can they also represent the culture of a particular country?

Herzog (1944, p. 11) writes in his paper that “many children’s songs in European folk
music are exceedingly simple” [...] (and that) “the simple songs of European children are
very reminiscent also of melodic types that predominate in the styles of many primitive
peoples, especially those of a very simple culture.” Despite the “simplicity” of melodies
found in (folk) songs in many cultures around the world, these songs are (according to a
large number of scientific papers and publicly available datasets) frequently analyzed and
used also in cross-cultural studies, compared to children’s (folk) songs, which are rarely
used or even mentioned.

The musical and lyrical simplicity of pop music is likewise evident. Some of the char-
acteristics of these melodies include stepwise diatonic melodies, short phrases, intervals
rarely exceeding a third, and simple time signatures (Warner, 2003). As with folk songs,
there are many publicly accessible datasets of pop songs, and pop songs are (compared
to children’s songs) frequently used and analyzed from the perspective of their percep-
tion, segmentation, production, consumption, subcultural identity, impact on mood, etc.
(Rojek, 2011).

In light of this, another question arises: where are the reasons to be found, if the
“simplicity” of children’s melodies is not an impediment to answering the previously posed
questions Q.1., Q.2., and Q.3.7

First of all, “children were at the sidelines of society for centuries” |...| ¢ (and) the
concept of children as members of a children’s culture was inconceivable” (P. Campbell,
2010, p. ix). In the late nineteenth century, it was John Dewey’s progressive education
movement that brought attention to children as individuals with unique abilities and re-
quirements (Cremin, 1959). In the course of the last few decades, children have become
the focus of numerous scientific disciplines, as they are increasingly recognized as individ-
uals with distinct musical interests, identities, perception, understanding, and creating of
music.

Second, Herzog’s claim, that “there is no evidence to show that children’s songs have
ever been created by children” [...]| “(and that) songs are imparted to small children by
grown-ups or older children” (Herzog, 1944, p. 11) reflects not only the problem of the
authorship of children’s songs but also the unrecognized capacity of children to be creative
composers of their own music, with melodies that truly represent them.

This thesis, therefore, seeks to examine and reevaluate children’s melodies, which are
waiting to be "(re)discovered” and recognized as a valuable source of information that has
the potential to shed light on a number of significant aspects of music.
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1.4 Research Aims

In music structural analysis, a musical work is decomposed (segmented) into its constituent
elements. Segmentation is mostly used in a purely musical-theoretical sense to determine
how a piece of music is constructed, how structural units interact, and how they are con-
nected (Ahlbéck, 2007). Due to the ambiguity of music, determining segment boundaries
may be challenging (Margulis et al., 2017). Even though two persons have similar experi-
ence of a musical work, their perceptions of the musical piece or its structural parts may
be quite different.

The majority of research on the mechanisms underlying perceptual grouping in music
is conducted on adults. Only a few studies have examined how very young toddlers and
children of particular age perceive and organize musical structure.® Furthermore, most
of research on children is either focused on a certain age group or on specific musical
dimensions and features, with little attention paid to music segmentation.

As there is currently no research on how children of various ages perceive boundaries
in music or how music is segmented, the first research aim is:

“To analyze segmentation of music in children of varying ages (from preschoolers to
adolescents) in order to provide a more comprehensive picture of music segmentation in
humans.”

In music, regularity is perceived as a highly ordered texture with prominent periodic
patterns and strong neighboring relationships (Manjunath et al., 2000), in which musical
ideas are organized in a way that the human mind can understand (Pole, 2014). In con-
trast, irregularity is experienced in an unstructured or poorly structured musical piece,
where the relationship between patterns is rarely discernible and enjoyment is diminished
by the enormous mental space required to process unique musical content (Kramer, 1988).
The interaction between regularity and irregularity in musical structure is one of the fun-
damental forms of musical expression used by composers across all musical styles (perhaps
with different proportions in different aesthetics).

Even though interest in children’s folk songs has increased among ethnomusicologists,
sociologists, educators, and folklorists since 1940, there is a lack of study on children’s folk
songs. The majority of research on children’s folk songs is related to musical content, the
social and cultural significance of children’s folk songs and their relationships to adult mu-
sic, the contribution of children’s folk songs to cultural preservation, and the transmission
of children’s folk songs from generation to generation. Generally, the musical structure
of children’s folk songs is analyzed in terms of musical elements/dimensions, i.e., how the
elements/dimensions are used (e.g., pitch span, use of meter, keys, rhythm, contour etc.).

The impact of various musical elements/dimensions on children’s folk song percep-
tions of (ir)regularity and complexity is mostly unclear. Although cross-cultural study on
melodic complexity has been undertaken, the majority of it has focused on children’s lulla-
bies (e.g., Balkwill & Thompson, 1999; Unyk et al., 1992). This may be because children’s
folk songs are generally considered to be regular, with a simple structure with repeated
patterns, and even as a primitive layer of folk songs (Herzog, 1944). Therefore, the second
research aim is:

“To examine the reqularity in the musical structure of children’s folk songs by observing
lower and higher order musical elements.”

Music is believed to be “universal.” Hence, if music is universal, what distinguishes one
culture’s music from another, and why is music perceived as dissimilar when two or more
cultures are compared, despite the fact that musical components such as tempo, pitch, and

SThroughout this thesis, the term “children” is used in accordance with the United Nations Convention
on the Rights of the Child - UNCRC 1989 - which defines a “child” as any person under the age of 18.
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rhythm are used consistently across cultures?

Numerous plausible explanations have been proposed, with biological and/or cultural
explanations dominating in recent decades. Traditionally, cross-cultural research aimed at
identifying (dis)similarities (either manually or computationally) has concentrated either
on biological or cultural aspects. However, the study by Lumaca et al. (2018) has demon-
strated, that linking biological (individual neurobiological variability and its impact, up
to the population level) and cultural differences in the understanding of musical diversity
could help better explain musical diversity, as music is not solely a cultural or a biological
product.

Currently, studies are examining mostly the (dis)similarities between and within coun-
tries by using folk songs, in terms of, how musical dimensions and features are understood
and used. As children’s folk songs and children’s songs are rarely employed in cross-cultural
research, the third research aim is:

“To investigate the cross-cultural (dis)similarities in musical elements across three gen-
res thought to reflect culture, namely folk songs, children’s folk songs, and children’s songs,
in 22 Furopean countries considered to be geographically close or with similar political,
historical, economic, and cultural backgrounds.”

While children’s folk songs and folk songs share a number of characteristics (for exam-
ple, contour, rhythm and melody patterns, and meter), the question is how comparable
children’s folk songs and folk songs are when adults and children share the same cultural
context, and whether they can be considered distinct genres. Additionally, the fact that
many children’s songs contain numerous folk elements may help us understand whether this
genre, together with folk songs and children’s folk songs, adds to a country’s recognition
as a distinct culture.

1.5 Hypotheses

In the light of the content, discussed in the Subsections 1.3 and 1.4, the general hypothesis
is:

It is possible to examine different aspects of music by using a dynamic compu-
tational modelling of children’s melodies.

To examine the musical segmentation in children of various ages (from preschool to
adolescence), and to compare musical segmentation in children of various ages with musical
experts, additional hypotheses will be tested in Chapter 4.

In Chapter 4, in Section 4.2 presenting the Game Experiment, the following hypothesis
will be tested:

(i) Children are using phrases as a grouping strategy in memorizing melodies.

In Chapter 4, in Section 4.3 presenting the Breathing Experiment, two hypotheses will
be tested:

(i) Agreement on segmentation within age groups increases with age.
(ii) The similarity between normative and participant’s segmentation increases with age.

To employ a computational approach to understand the segmentation of music in chil-
dren of varying ages, the following two hypotheses will be tested in Chapter 5:
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(i) As age increases, higher musical features are employed for segmentation.

(ii) Participants with musical knowledge segment music using more complex and higher
musical features.

To investigate the regularity in children’s folk songs (from the perspective of the usage
of permitted rules in musical structure), two hypotheses will be tested in Chapter 6:

(i) The frequency of repeating patterns correlates with the irreqularity of musical structure
in children’s folk songs.

(ii) Repeated patterns contribute to regqularity when presented at the same pitch.

To determine which musical elements® differ between 22 European countries in folk
songs, children’s folk songs, and children’s songs, two hypotheses will be tested in Chapter
7 in Section 7.3:

(i) There are substantial variances in the use of musical features and dimensions between
European countries that are regarded to share a single musical style.

(ii) The musical features and dimensions used in the representative music of a certain
country are more similar in countries that share a similar cultural, political, historical,
economic background, and are geographically close.

To determine which musical elements differ within 22 European countries in folk songs,
children’s folk songs, and children’s songs, one hypothesis will be tested in Chapter 7 in
Section 7.4:

(i) There are differences in the use of musical features and dimensions in genres consid-
ered to belong to the representative music of a particular country, however depending
on cultural forces which homogenize and diversify these genres.

1.6 Contributions

The contributions of this thesis are manifold:

e Three corpora have been created: (i) to investigate musical segmentation in children
of various ages utilizing both a computational and experimental approach (Chapters
4 and 5), (ii) to computationally simulate the (ir)regularity of musical structure in
children’s folk songs (Chapter 6), and (iii) to compare and investigate the diver-
sity of musical dimensions and features in folk songs, children’s folk songs, and chil-
dren’s songs between and within 22 European countries using computational methods
(Chapter 7). The Essen Folksong Collection (Schaffrath, 1995), and the Meertens
Tune Collection (The Meertens Tune Collections, 2019) were supplemented by songs,
collected by the author, from several songbooks and school textbooks featuring tradi-
tional children’s (folk) songs and folk songs, courtesy of the national/school libraries
from 22 European countries. All songs are freely available.”

SIn this thesis, musical elements are to be considered in the same manner as musical dimensions or
musical parameters. The decision to utilize “musical elements” is based on the fact that there is currently no
consensus regarding which terms to employ (musical parameters, musical elements or musical dimensions).

"https://github.com/LMihel/LMihelac
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e This thesis contributes to a deeper understanding of music segmentation in children
of varying ages by conducting in-depth research in this field. The cross-sectional
study of melody segmentation in children and adolescents, as well as its development
from childhood to adolescence, using an experimental approach, revealed that (i)
over-segmentation is present in the youngest age group (not correlated with lung
capacity) and (ii) that 8-12-year-olds and 15-16-year-olds segment phrases similarly
to adults, regardless of age or musical experience (Mihela¢ et al., 2022). Using a
computational approach and comparing the computational segmentation of musical
structure to the segmentation of music by children, adolescents, and musical experts,
some age-related differences in segmentation were discovered while modeling human
music perception.

e This thesis contributes with its experiments in the field of music segmentation to
the potential repeatability of the same experiments with a larger/smaller group of
children of different ages, and musical knowledge.

e An algorithm for locating “candidates” in an unknown irregular musical structure is
provided, as well as a methodology for discovering (ir)regularity in musical works
(Mihelag et al., 2023).

e The thesis shows that computational modelling of human perception of (ir)regularity
in children’s folk songs can add considerable and useful contribution to the under-
standing of this genre.

e A manual Classification Model (Model CMCS) for the categorization of children’s
songs has been developed (Mihela¢ & Pani¢ Grazio, 2021). The model classifies
children’s songs into children’s folk (traditional) songs, children’s songs based on
children’s folk songs, and “new” children’s songs, where authorship of lyrics and
melody is known.

e The thesis contributes to a better understanding of the musical diversity between
and within 22 European countries, using not only folk songs, but also children’s folk
songs and children’s songs. The cross-cultural study of three genres (folk songs, chil-
dren’s folk songs, and children’s songs) within and between 22 European countries
has revealed the following: (i) significant differences in the incorporation of musical
features and dimensions into the musical structure of these genres, (ii) unexpected
similarities between geographically distant countries and dissimilarities between ge-
ographically close countries, as well as (iii) greater musical diversity within countries
than between countries.

e The thesis demonstrates that two genres, children’s folk songs and children’s songs,
are distinct.

1.7 Thesis Structure

The thesis is divided into eight chapters. A brief overview of each chapter is provided in
the continuation.

Chapter I

Chapter 1 defines the scope of the thesis, formulates the research questions, thesis structure,
and references related to the thesis’s chapters.
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Chapter 11

Chapter 2 presents the three corpora used to investigate music segmentation in children
of various ages (Corpus I), the (ir)regularity of musical structure in children’s folk songs
(Corpus II), and the (dis)similarities in musical features between and within 22 European
countries in folk songs, children’s folk songs, and children’s songs (Corpus III).

Chapter III

Chapter 3 presents the musical structure in general, with an emphasis on melody and its
observation using the computational model IDyOM.

Chapter IV

The segmentation of music in children of various ages (from early childhood until adoles-
cence) is examined in Chapter 4. There are two experiments presented: Game Experiment
and Breathing Experiment. The Game Experiment examines whether children and ado-
lescents use phrases to memorize music. It tests the hypothesis that children are using
phrases as a grouping strategy in memorizing melodies. The Breathing Experiment ex-
amines if breathing and phrases are coordinated while singing music without lyrics. The
Breathing Experiment tests two hypotheses: (i) that agreement on segmentation within age
groups increases with age, and (ii) that the similarity between normative and participant’s
segmentation increases with age.

Chapter V

The Breathing Experiment’s results (Chapter 4) are compared to the automatic segmenta-
tion in IDyOM in Chapter 5. The musical structure is observed with different viewpoints in
order to acquire new insight into how children of various ages perceive and organize music,
as well as which lower and/or higher order musical features predominate in the perception
and segmentation of music at a given age. Two hypotheses are tested: (i) that as age in-
creases, higher musical features are employed for segmentation, and (ii) that participants
with musical knowledge segment music using more complex and higher musical features.

Chapter VI

Chapter 6 examines the regularity of musical structure in children’s folk songs using the
IDyOM computational model to simulate human perception of (ir)regularity in musical
structure and to find patterns that contribute to a higher/lower sense of irregularity. Two
hypotheses are tested in Chapter VI: (i) that the frequency of repeating patterns correlates
with the irregularity of musical structure in children’s folk songs, and (ii) that repeated
patterns contribute to a stronger sense of regularity when presented at the same pitch.

Chapter VII

Chapter 7 explores the (dis)similarities between and within 22 European countries using
the IDyOM computational model to observe various musical dimensions and features in folk
songs, children’s folk songs, and children’s songs. Two hypotheses are tested in examining
the (dis)similarities between 22 European countries: (i) there are substantial variances in
the use of musical features and dimensions between European countries that are regarded
as sharing a single musical style, and (ii) that the musical features and dimensions used
in the representative music of a certain country are more similar in countries that share
a similar cultural, political, historical, economic background, and are geographically close.
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One hypothesis is tested in examining the (dis)similarities within 22 European countries:
that there are differences in the use of musical features and dimensions in genres considered
to belong to the representative music of a particular country, however depending on cultural
forces which homogenize and diversify these genres.

Chapter VIII

Chapter 8 outlines the main findings in relation to the research objectives and suggests
possible directions for future research.
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Chapter 2

Music Corpora

The goal is to turn data into
information, and information into
insight.

Carly Fiorina

To address the challenges outlined in Subsections 1.4 and 1.5, the following has been
created:

e Corpus [: To use an experimental and computational approach to examine the seg-
mentation of music in children of various ages.

e Corpus II: To study the (ir)regularity in musical structure of children’s folk songs
using a computational approach.

e Corpus III: To examine the (dis)similarities in musical dimensions and features be-
tween and within 22 European countries in folk songs, children’s folk songs, and
children’s songs using a computational approach.

With the exception of folk songs and children’s folk songs from “The Essen Folksong Collec-
tion,” (Corpus II and III) all of the songs were initially notated as musical scores in Sibelius
Notation Software and then converted to MIDI files. Due to the unique requirements of
the IDyOM computational model used in this thesis, all of the songs in all of the corpora
were encoded into MIDI (256 PPQN) with a piano timbre, at the same speed, and with
no loudness or articulation changes before being imported into IDyOM.

Because IDyOM requires inputs to be expressed symbolically, which implies it can-
not support textual modifications, only monophonic songs! without lyrics were used.
No songs were transposed to a final tonal tone, and the original tonality was main-
tained in order to capture as much as possible of the tonal variance seen in European
songs (e.g., Phrygian tonality in Andalusian songs, Turkish makam Hicaz and Nikriz
mode, Dorian scales in Greece...) (Further refer to: Dal & Pihl, 1956; Gelbart & Re-
hding, 2011; Manuel, 1989). The corpora are available to the research community at
https://github.com/LMihel /LMihelac and can be utilized to produce new datasets for fu-
ture studies.

1Songs consisting of a single unaccompanied melodic line.
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2.1 CorpusI

Corpus I was created to investigate the segmentation of music in children of varying ages
(Chapter 4) and to compare the segmentation of songs by children, adolescents, and musical
experts with the segmentation of the same songs in IDyOM (Chapter 5). There are 155
Slovenian monophonic songs, including 44 children’s folk songs and 111 children’s songs.
The author collected children’s folk songs from several songbooks and school textbooks
containing traditional children’s folk songs, courtesy of Slovenian national /school libraries
and teachers from a number of Slovenian primary schools. Only children’s folk songs were
selected, either from the official Slovenian music curriculum or from songbooks used as
supplementary teaching material in Slovenian kindergartens and primary schools.

Children’s songs were mainly collected from various Slovenian school (educational)
textbooks, which were primarily provided by school libraries and national libraries, and
partially (when necessary) from the official websites of Slovenian children’s music authors
who were contacted for this project.

This corpus was created using current definitions and understandings of the two melody-
types, namely the children’s folk song melody-type and the children’s song melody-type,
because children’s folk songs and children’s songs are not yet recognized as distinct genres.
In addition, the recommended criteria for recognizing songs as children’s (folk) songs with a
manual classification model, the Classification Model (Model CMCS) for the categorization
of Children’s Songs proposed in Mihela¢ and Pani¢ Grazio (2021) were applied in the
construction of this corpus.

This model CMCS takes into account (i) criteria identified as crucial in studies on song
selection, (ii) the foundations of music theory, and (iii) the results of cross-cultural research
on the (dis)similarity of children’s (folk) songs, that can be used to define additional
selection criteria. The CMCS model consists of five levels, of an initial level, and four main
levels. Each level has a ‘yes’ or ‘no’ option, ‘yes’ option leading to another condition (or
level), and a ‘no’ option for terminating the process, if a song does not meet the required
condition(s) in a particular level.

The classification starts with the Initial level in which selected songs are classified by
title, by applying the word ‘children’.?

If a selected song does not meet the initial requirement, it is automatically terminated
otherwise proceeded to the First level, in which only one condition is checked, the exis-
tence of both lyrics and melody, as a children’s song is considered as a syncretic musical
composition, comprising lyrics and melody, regardless of the song has an additional ac-
companiment or not (for example piano, organ, guitar accompaniment). If ‘yes’ option is
chosen, the song is proceeded to the Second level, otherwise, it is terminated. The Second
level has two conditions:

a) Content, suitable and understandable to children.
b) The audience consisting of children.

Even if the songs are classified as children’s songs, the content of a song can be too demand-
ing for children i.e., exceeding their understanding. The content can be also inappropriate
because it contains e.g., unacceptable values, stereotypes, gender inequality, violence, etc.,
or does not provide a joyful, emotional experience and the possibility for self-expression
(Jozef-Beg & Mihela¢, 2019). In case the first condition ‘a’ is met, the song proceeds to the
second condition ‘b’ which checks the audience. Although the intended audience can be

2In some cases, the title of a song clearly references children or their activities. When the title of a song
did not indicate whether or not it is a children’s melody, a unique problem arose. In this particular case, it
was necessary to acquire additional information, such as the song’s origin, its creation circumstances, etc.
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made up of adults or children (or adults and children), in this classification model, children
are considered as the most important audience and their acceptance of a song.

After fulfilling both conditions, the song proceeds to the Third level, otherwise, it is
terminated. Third level deals with the authorship of lyrics and melody. At this level three
possible conditions are outlined:

a) Unknown authorship of both lyrics and melody: the song is classified as a “Traditional
song” (Children’s folk song).

b) Unknown authorship of lyrics and known melody (or vice versa): the song is classified
as a “Song based on a traditional song”.

¢) Known authorship of lyrics and melody: the song is classified as a “New song”

In this level, if condition ‘a’ is not met, the song proceeds to condition ‘b’ or ‘c’. None
of the selected songs is terminated, as this level deals only with authorship of lyrics or
melody, regardless of who the author is i.e., a child or an adult (or even both, child and
adult).

When a song reaches the Fourth level, the last and the most crucial level, the structure
and features of lyrics and melody are analyzed. From the perspective of lyrics, analyzed
are the educative contribution, pleasantness (joyfulness), understandability, stimulation
to the imagination, unusual/picturesque words, syllabic text setting (lack of melisma),
rhyme, assonance, alliteration, rhythm, shortness, repetition. From the perspective of
melody, analyzed are rhythm, meter, tonality, chromatism, pitch (interval leaps), tessitura
(pitch range of the song), contour, harmonic structure, basic formal units (motifs, sub-
motifs, phrases, sentences/periods), song-type (e.g., one-part, simple two-part, three-part),
shortness, repetition (absolute and relative).

Both lyrics and melody in this Fourth level have to meet the outlined criteria to proceed
to two additional conditions examining the matching between melody range (tessitura) and
children’s vocal range: whether the song is more suitable for preschool children (condition
‘a’) or school-aged children (condition ‘b’). The conditions ‘a’ and ‘b’ are based on the
findings from studies examining the vocal range in children (Cooksey, 1992; J. Kim, 2000;
Moore, 1991; Welch, 1979).

2.2 Corpus II

Corpus II was created to simulate and identify (ir)regularities in the musical structure
of monophonic children’s folk songs using the IDyOM computational model. The corpus
consists of 736 monophonic children’s folk songs from 22 European countries (see Table
2.1).

This corpus was supplemented with 44 Slovenian children’s folk songs from Corpus I.
The Essen Folksong Collection (Schaffrath, 1995) featured a selection of German children’s
folk songs (30 songs out of 124). The Meertens Tune Collection (The Meertens Tune
Collections, 2019) produced twenty Dutch children’s folk songs out of a total of fifty-eight.

All other songs were collected by the author, from 20 other countries from several
songbooks and school textbooks featuring traditional children’s folk songs, courtesy of the
national /school libraries in these countries.

As with Corpus I, only children’s folk songs contained in formal music curricula or
in songbooks used as supplementary instructional material in kindergartens and primary
schools were selected. Additionally, whenever possible, children’s folk songs with a specific
country of origin were included, despite the fact that the same song can frequently be
found in another country, even in geographically distant European countries (for example,
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Table 2.1: Countries and number of children’s folk songs used in analyzing the (ir)regularity. The
total is 736 songs.

Country Num. of songs | Country Num. of songs
Bulgaria 18 Croatia 16
Denmark 15 France 71
Germany 124 Great Britain 38
Greece 26 Hungary 27
Italy 22 Latvia 23
Netherlands 58 Norway 23
Poland 22 Portugal 27
Romania 18 Russia 21
Serbia 13 Slovenia 44
Spain 54 Sweden 29
Switzerland 23 Turkey 24

“wanderer melody” found in the Czech song Kocka leze dirou, pes oknem, and in the
Slovenian song Cuk se je oZenil). The CMCS model for categorizing children’s songs was
also applied to this Corpus.

2.3 Corpus III

Corpus III was created in order to examine, using the IDyOM computational model, the
(dis)similarities in the utilization of musical dimensions and features between and within
22 European countries. Corpus III includes 2,184 songs from 22 European countries and
three genres: 959 folk songs, 736 children’s folk songs from Corpus II, and 489 children’s
songs (out of them 111 children’s songs from Corpus I) (see Table 2.2).

Children’s songs from European countries were selected and compiled from the song-
books of renowned children’s song authors and the official websites of these European
children’s music authors. Additionally, the CMCS classification model was used to cate-
gorize these songs.

The compilation of 959 folk songs was assembled by combining the author’s collection
of 429 folk songs (using songbooks, books, and textbooks from various national and school
libraries in 22 countries) with 530 folk songs from the Shaffrath Essen Collection (Schaf-
frath, 1995). In determining the final selection of folk songs, musical, cultural, historical,
political, and other aspects of music traditions were examined where necessary.
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Table 2.2: Number of folk songs (F'S), children’s folk songs (CFS), and children’s songs from 22
European countries. The column FS (Essen) indicates the detailed number of 530 songs used from
the Shaffrath Collection.

Country FS FS (Essen) CFS CS | Country FS FS (Essen) CFS CS
Bulgaria 23 0 18 18 | Croatia 58 0 16 16
Denmark 22 9 15 11 France 133 131 71 22
Germany 139 139 124 21 | United Kingdom 41 0 38 17
Greece 23 0 26 19 | Hungary 34 34 27 16
Italy 23 7 22 12 Latvia 46 0 23 20
Netherlands 53 53 58 23 Norway 30 0 23 20
Poland 24 20 22 21 | Portugal 15 0 27 15
Romania 23 23 18 18 | Russia 28 28 21 21
Serbia 24 0 13 23 | Slovenia 71 0 44 111
Spain 19 0 54 15 | Sweden 30 11 29 17
Switzerland 75 75 23 16 | Turkey 25 0 24 17

2.4 Summary

To address the research challenges outlined in Subsections 1.4 and 1.5, Music Corpora has
been created: (i) Corpus I - to investigate musical segmentation in children of various ages
utilizing both a computational and experimental approach (Chapter 4 and 5), (ii) Corpus
IT - to computationally simulate the (ir)regularity of musical structure in children’s folk
songs (Chapter 6), and (iii) Corpus III - to compare and investigate the diversity of musical
dimensions and features in folk songs, children’s folk songs, and children’s songs between
and within 22 European countries using computational methods (Chapter 7).

The concepts of purpose, coverage, completeness, quality, and reusability were consid-
ered in the building of corpora (Serra, 2014). The CMCS classification model and criteria
were utilized in the construction of corpora containing children’s folk tunes and children’s
songs. All songs are freely available at https://github.com/LMihel/LMihelac.


https://github.com/LMihel/LMihelac
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Chapter 3

The Observation of Melody

One can imagine a melody as a distant
echo of something more primal—the
direct expression of emotion in the
form of a raw cry.

Roger Mathew Grant

What makes one piece of music stand out from another? Why are some musical pieces
more easily recognized, recalled, or appealing to listeners than others? Which of the mu-
sical dimensions, out of all the others, retains the listener’s attention the longest? “It is
the melody” (Selfridge-Field, 1998), “the one quality in music which really counts” (Dun-
hill, 1907), according to Aristotle, “the root of our enjoyment of music [...| the source
of musical creation itself” (Schoen-Nazzaro, 1978). Humans are intrinsically capable of
reproducing, memorizing, and even recalling a melody among all the musical dimensions
in a musical piece. “Melody is an important descriptor of music” (Marolt, 2008, p. 1619). It
contains data about rhythm, (implicit) harmony, loudness, timbre, pitch, spatial position,
and reverberant environment (Y. E. Kim et al., 2000).

Melody is derived from the Greek term péloc (melos) and has both musical and
metaphorical implications. It is used in the musical sense as a basic musical dimension,
supplemented by descriptions of compositional or aesthetic features.

Additionally, it is a synonym for song (Beekes, 2010; Mihela¢ et al., 2018). Numerous
and diverse definitions of melody published in the literature take various aspects of melodic
characterization into account. Melody is a semi-autonomous segment of a musical piece in
which the melody is recognized as the same regardless of the arrangement or context in
which it is delivered (Bartlett & Dowling, 1980; Levitin, 1999; Stefani, 1987).

What is interesting is that everyone agrees that melody is a sequence of sounds and
an auditory object. A sequence of more or less well-balanced and ordered sounds can be
heard worldwide even in the earliest forms of melody. On the other hand, the evolution of
melody demonstrates that ordered sounds and their succession in a melody were (obviously)
insufficient to distinguish, attract, and pleasure listeners.

This explains the various approaches to two important aspects of melody creation: the
musical scale! and melody design, which Dunhill defines as “the ordering of the various
factors of effect in their proper places” (Dunhill, 1907, p. 102).2 Throughout history,
Western and Eastern musical traditions have revealed that these two aspects of music are

'Musical scale and mode will be utilized interchangeably in this thesis as a ‘method,” or ‘modus
operandi,’ i.e. the way pitches produce the melodic contour.

2The most important aspects of ‘melody design’ include duration, pitch, texture, timbre, loudness,
measure, and form, despite the fact that there is no consensus on what constitutes a ‘melody design’.



20 Chapter 3. The Observation of Melody

interpreted differently (as evidenced by the wide range of musical scales and design used
to create melodies).

Melody has been studied for more than three centuries by researchers in a variety
of fields (anthropology, musicology, computational musicology, socio-ethnological studies,
musical theory, etc.). Melody is studied as a subjective object (for example, whether the
melody is considered simple or complex, why listeners find some musical pieces more or
less “melodic,” and in which musical pieces is “melodicity” of a melody more or less present,
how popular is the melody) and as a pure technical object (Pachet, 2009), for example,
how musical features and dimensions are used in the melody.

Melody as a technical object can be considered as a “set of hypotheses what is heard
in music,”(Cuddy et al., 1981, p. 872) that can assist in clarifying how melody is perceived
and interpreted as a subjective object. Melody is also explored in the context of various
musical genres throughout history (e.g., Gold et al., 2019; Montagu, 2017), as well as in
Western and Eastern musical traditions (e.g., Bowling et al., 2012; Jouste, 2009).

Melody is examined in terms of its belonging to a melody-type, which Slobin defines
as “a group of melodies that are related, in that they all contain similar modal procedures
and characteristic rhythmic and melodic contours or patterns” (Slobin, 1996, p. 186).

Most cultures organize their music into melody types and use the melody-type as a
“schema,” or “model.” The listener can recognize the basic outline even when a melody
is improvised (van Kranenburg et al., 2012), utilizing various combinations and recom-
binations of traditional elements within the framework of a melody-type (Zonis, 1983,
p. 274). Melody-types with features of some early layers of Gregorian chant found in Ara-
bia (magam), Syria (ris-qole), and Europe are examples of such a combinative approach.

It is worth noting that, despite the vast amount of literature on melodies on either a
subjective or technical level (or both), and regardless of which melody-types predominate in
folk music, classical music (medieval, Renaissance, Baroque, Classical, Romantic,. . . ), jazz
music, and popular music genres, two groups of melodies have received the least attention:
children’s melodies and children’s folk melodies.

Neither of these melody groups is recognized as a distinct genre or as a melody-group
at the present (more on this in Chapter 7). Due to the focus of this thesis on monophonic
children’s melodies and children’s folk melodies from the Western musical tradition, both
melody groups will be analyzed as a subjective and technical object as well as in terms of
melody-types.

3.1 The Observation of Melody as a Technical and Subjective
Object

Melody is considered a horizontal dimension of music; a “horizontal expression of a (mu-
sical) idea in a single line [...]| incorporated in the horizontal plane as successive sounds”
(Busch & Graubart, 1986, p. 10-12), as opposed to the vertical presentation of sound (the
vertical dimension of music), in which sounds appear in the vertical plane simultaneously
(e.g., chords).

Melody can be observed and evaluated both horizontally and vertically, as well as
through observing and analyzing its “building blocks”, where a building block is to be
understood in the same manner as feature, “characteristic part of something [...| that
helps to distinguish one thing from another (or one group of things from another group of
things” (Huron, 2001, p. 2). It is expected that a proposed feature/building block (e.g.,
interval, pitch, duration, loudness, motif,. .. ) is present in a melody, however, it can also be
absent. In this case, we could refer to this property as “negative presence,” which requires
long-term listening experience or a set of established expectations, since the absence of a
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certain feature cannot be identified if it is not understood what is typically present (Huron,
2001).

It is necessary to perceive a melody as a “whole at some level,” in which substructures
and individual events are to some degree related to one another; otherwise, the substruc-
tures and events would be perceived only as a “chaotic temporal pitch structure” (Ahlbéck,
2004, p. 13). Nonetheless, an in-depth analysis of the melody’s substructures (e.g., phrases,
motifs) and individual events can reveal useful information about how the melody is orga-
nized (e.g., which parts/individual events of the melody are repeated frequently, how they
are repeated), as well as about musical features and musical dimensions that distinguish
the melody from other melodies.

When we analyze a melody, which is defined in this thesis as an entity, a sequence of
events, each of which has a set of attributes that define the melodic properties of sound
(Gomez et al., 2003), we have the option of analyzing it in its (i) entirety, (ii) in parts, or (iii)
on its most basic level of musical detail, its surface (Jackendoff, 1987), analyzing each sound
in the melody as a discrete musical event e. In this thesis, melody will be observed and
analyzed as a horizontal dimension, and where necessary as vertical dimension. Features
in higher and lower structural parts as phrases and motifs of the melody will be observed
and analyzed as well, all the way down to the level of the discrete musical event e, which
can be examined separately or in multiple ways as seen in Figure 3.1.

In Figure 3.1 there are 11 events. It is possible to observe merely intervals, the distance
between two events. When we compare the distance between events el and e2, we can see
that it is significantly larger than the distance between events €10 and el1. The melody also
reveals that certain events have the same duration (representation of time), such as el, e2,
e3, €5, ell, while others, such as e4, €6, €8, €10, have different durations. Multiple features
of a single event can be seen for example in event el; we can notice the duration (quarter
note), pitch (position of a single sound in the complete range of sound) B4, loudness (the
intensity of auditory sensation produced) p = soft , and timbre or color (quality of auditory
sensations produced by the tone of a sound wave), to be played with piano sound. We
can observe also the pitch range (tessitura), i.e. the general range of pitches found in this
melody.

A closer examination of the same melody in Figure 3.1 indicates that the tessitura
(pitch range) spans D4 to F#5. Drawing a line from el — ell gives the melody its shape
or contour. The tonality, or key, specifies pitch “g” as the tonal center and views all pitches
as scale degrees (the position of a note in a scale) around that center (G major in this
melody, marked directly after the treble key with a #). The meter (2/4) ensures that the
events (which can have the same or different durations) are structured according to the
number of beats (in this case 2 beats) and the value of the fundamental beat (in this case
4 = quarter value).

Because of the thesis’s focus on monophonic melody in children’s songs and children’s
folk songs, and to a lesser extent, folk songs, not all musical features and dimensions will be
explored, due to the songs’ brevity and the IDyOM computational system (see Subsection
3.2) used to analyze these three groups of songs), which does not support timbre and
loudness analysis, as well as lyric analysis.

In Chapter 4, the emphasis is on the melody as a subjective object, with the musical
structure (melody as technical object) being used to analyze the perception and segmenta-
tion of children’s (folk) melodies in children of various ages, as opposed to Chapter 5, which
examines a simulated computational perception of children’s (folk) melodies as subjective
and technical objects.

In Chapter 6, computational models of melody perception as a subjective object, as
well as in-depth analysis of musical structure (the observation of melody as a technical
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object), are used to examine the (ir)regularity of musical structure in children’s folk songs.

Chapter 7 gives insight into melody as a subjective and technical object in children’s
songs, children’s folk songs, and folk songs, examining whether there are differences in how
musical dimensions and features are used between and within 22 European countries, and
whether distinct melody-types can be defined for both groups of melody in children’s songs
and children’s folk songs.

tonality
l tessitura
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Figure 3.1: Representation of a melody.

3.2 The Observation of Melody with IDyOM

3.2.1 Entropy and Information Content

IDyOM analyzes and predicts musical events using two information-theoretic measures:
entropy and information content (MacKay, 2003). Although both measurements are fun-
damentally similar and were used interchangeably by C. Shannon and Weaver (1949), they
can be thought of as usefully different. Shannon’s entropy, or simply entropy, is a measure
of uncertainty that is related to the concept of entropy in physics. It is the average amount
of bits necessary to transmit/represent statistical uncertainty about the character of an
event chosen at random from a probability distribution. When a single event dominates
a probability distribution, there is less uncertainty. When no event dominates another,
as is the case with an equal or nearly uniform discrete distribution, a larger or maximum
entropy is expected.

Entropy, as defined by C. E. Shannon (2001), and shown in equation 3.1, is used as
baseline model for quantifying the uncertainty in the prediction of a musical event before
it is heard:

He) = — 3 palogy(pe) (3.1)

reX;

where X; is the set of all possible continuations of a given musical sequence before event
e; (in our case, the alphabet of a viewpoint) and p, is the probability of event e,.
Hansen and Pearce (2014) provide evidence that entropy is correlated with perceived
uncertainty; mathematically, it is related to the balance of likelihoods in a distribution: a
uniform distribution has maximum entropy (because all events have equal probability so
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we can not predict them better than purely guessing) while zero (i.e., minimum) entropy
entails that exactly one value of the distribution has probability 1.

The idea behind quantifying information content (MacKay, 2003), which is significant
from the perspective of compressibility (Bell et al., 1990), is to estimate how unexpected
an event is in the context in which it happens. Thus, information content is a measure
of unexpectedness (sometimes called “surprisal”) of an event which actually appears in the
sequence. For a discrete event e;, it can be calculated as shown in equation 3.2, where p;
is the probability of event e;.

Rare events in context have a low probability, are more surprising, and have a higher
information content. Frequent events in context have a high probability and low informa-
tion content, and so are less surprising. If the probability of an event is 1 (when there is
no surprise), the information content is zero.

IC(e;) = —logy pi, (3.2)

3.2.2 Viewpoints

When a sequence of events (notes) is given, we can define viewpoints, which are functions
(variables, features) that accept initial sub-sequences of the sequence and measure a par-
ticular feature inside it, such as pitch, duration, or the relationship between two tones.
Pitch (cpitch), and time (dur) are the two fundamental viewpoints from which IDyOM
describes events in a sequence.

Additionally, we can compute with IDyOM so-called derived viewpoints (derived from
basic viewpoints), linked viewpoints (when two or more viewpoints are linked), threated
viewpoints (types of viewpoints defined at specific points in a piece of music, for example,
the first event in each bar), and test viewpoints (which return a Boolean value indicating
whether or not a particular condition is satisfied). An innovative alternative is to use
viewpoint selection, a hill-climbing procedure that integrates multiple viewpoints in
order to minimize the information content of a dataset.

This thesis employs a variety of viewpoints, depending on the research topic being dis-
cussed, which may include an examination of (ir)regularity, segmentation, or (dis)similarity
in the way musical features and/or musical dimensions are utilized. The used viewpoints
are: cpitch, cpitch®dur, dur-ratio, inscale, cpint, cpint-size, cpitch-class,
cpcint, cpcint-size, contour, newcontour, cpintfref, cpintfip, tessitura,
cpitch®ioi, cpitch®ioi-ratio.

Their selection is based on research showing their usefulness in investigating musical
structure, simulating the listener’s cognition and perception of music, as well as encultur-
ation (e.g., Gingras et al., 2016; Mihela¢ & Povh, 2020b; M. T. Pearce, 2005, 2018; M.
Pearce et al., 2010).

The basic viewpoint cpitch specifies the chromatic pitch of each event (chromatic
notes are counted from middle C = 60 up and down). Dur is another basic viewpoint
that quantifies duration in basic time units. There is currently no consensus about how
listeners’ pitch and temporal structure are processed, i.e. whether these dimensions are
managed independently or interactively (see more in Justus & Bharucha, 2003; C. L.
Krumhansl, 2000; Mihela¢ et al., 2023; M. T. Pearce, 2018; Volk, 2016). IDyOM supports
the processing of pitch and duration independently (using two separate models) or in
combination (using a single model that combines these two dimensions). Cpitch and
dur are employed interactively in this thesis as a linked viewpoint cpitch®dur. The
derived viewpoint dur-ratio represents the duration of last/duration of previous events
in a sequence.
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The derived viewpoint cpitch-class denotes a pitch class (or chroma) where note E2 is
identical to notes E3, E4, and E5. The viewpoint reflects the significance in the perception
of equivalence relations between two pitches, the most influential of which, according to
various studies, is octave equivalence (Hoeschele et al., 2012; Patel, 2003a; Peter et al.,
2008).

The derived viewpoint cpint denotes an interval, a relationship between two consecu-
tive pitches. Additionally, a derived viewpoint, cpint-size, captures the size of intervals
and can be used to explore intervals that are larger than the largest interval in the data.
Intervals have been demonstrated to be significant in a variety of studies, including recogni-
tion of melodies (McDermott et al., 2008), orienting the listener in the scale, and facilitating
musical tonality (Sloboda & Parker, 1982; Trehub et al., 1999). The viewpoint cpcint de-
notes the octave equivalent pitch class interval (M. T. Pearce, 2005, p. 70), and is derived
from cpint, in the same manner as cpitch-class is derived from cpitch. Cpcint-size
is the absolute value for cpcint.

Tessitura is a viewpoint derived from cpitch. It examines a melody’s pitch range.
While certain melodies have a broad range, the range of pitches is limited, and the center
of that range appears to be favored (von Hippel, 2000). Thus, this viewpoint captures
pitches that are extremely high or extremely low in relation to the pitch range’s center.

Different intervals are used to produce the shape of a melody, the contour, which can be
rising or falling. It is represented by the viewpoint contour. Numerous studies examining
contour from a variety of perspectives, including psychological, music theoretical, and
computational, confirm that contour is a vital part of musical perception (e.g., Marvin,
1991; Morris, 1993; Narmour, 1990; van Kranenburg, 2010). The viewpoint newcontour,
derived from cpitch, focuses on contour changes and their relationship to the preceding
contour (value 1 is given if contour is unchanged from the preceding contour, and 0 if it is
different).

Cpintfref denotes the pitch interval between two events. This viewpoint, which has
been used in numerous studies (e.g., Gingras et al., 2016; Graves & Oxenham, 2017; Marmel
& Tillmann, 2008), has demonstrated that listeners’ perceptions of melodic structure are
influenced by the tonal hierarchical relationships within a scale, in which the tonal function
(the first scale degree) is the most stable and serves as the anchor point for a key (C. L.
Krumhansl, 1990). The pitch interval of an event from the first event in the piece is
represented by the viewpoint cpintfip. This viewpoint was chosen to illustrate the impact
of primacy on perceptual and structural salience (A. J. Cohen, 2000; Vos, 2000). The
derived viewpoint ioi, which represents the Inter Onset Interval ratio, is utilized separately
and in combination with cpitch, resulting in cpitch®ioi, which shows to be effective in
determining cultural distance (M. T. Pearce, 2018). Inscale reflects both “in-key” and
“out-key” tones. Tonality is expressed in musical compositions through the use of tones
that occur frequently together (in-key tones) rather than tones that are considered out of
key (Cancino-Chacon et al., 2017).

3.2.3 Probability, Entropy and Information Content using Viewpoint
cpitch

Figure 3.2 depicts 14 events in an excerpt from the well-known melody from “The X-Files,”
which were used to examine the probability, information content, and entropy of each
event.

IDyOM computes the corresponding sequence of probabilities, entropy, and information
content values using the viewpoint cpitch®dur, which analyses the feature pitch and
duration of each event in the series. As indicated in Table 3.1, the model identifies the
following events as highly expected: el0, ell, and el4, based on their high probability
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Figure 3.2: The events depicted in the “X-Files” melody (Mark Snow).

values and low information content. On the other hand, the most surprising events were
discovered to be €7 and el2 (very unexpected intervals/leaps) with low probabilities and
a high information content.

Table 3.1: Probability, entropy, and information content values assigned to each event in the
sequence for “The X-files” using viewpoint cpitch®dur.

Event Probability Entropy Information content
(cpitch®dur)  (cpitch®dur) (cpitch®dur)
el 0.047 5.49 4.41
e2 0.018 4.57 5.81
e3 0.144 4.65 2.79
ed 0.017 2.45 5.85
eb 0.017 3.93 5.91
e6 0.098 4.33 3.36
e7 0.011 5.16 6.50
e8 0.089 5.24 3.50
€9 0.278 4.54 1.84
elo 0.607 2.79 0.72
ell 0.525 2.35 0.93
el2 0.003 2.96 8.18
el3 0.051 5.04 4.29
eld 0.485 3.72 1.04
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Figure 3.3: Visualizitation of probability, entropy, and information-content values for each event
in “The X-files” musical excerpt obtained using the viewpoint IC _cpitch®dur.
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3.3 Summary

This chapter presents the observation of a monophonic melody, which is described in this
thesis as a sequence of discrete musical events. Melody can be examined as a subjective
object (e.g., whether the melody is considered simple or complex, why listeners find some
musical pieces more or less “melodic”), and technical object (e.g., how musical features and
dimensions are used in the melody). In addition, melody can be examined in terms of
its belonging to a melody-type (a group of melodies that are related, a certain schema or
model used to organize the music).

As the topic of the thesis is children’s melody, these approaches will be used with two
genres that have received the least attention and are not currently recognized as a unique
genre or melody-group: children’s folk songs (CFS) and children’s songs (CS). The melody
of folk songs (FS) will also be studied, although to a lesser extent. The decision to use
all three genres (FS, CFS, CS) is to understand how musical features and dimensions are
utilized and perceived by a listener in each of these genres, and how each genre contributes
to the national identity of a particular country.

It is regarded that melody is both a horizontal and vertical presentation of sound. The
vertical dimension will be analyzed as implied harmony in the three previously mentioned
genres. Furthermore, not all of the features of melodies will be observed and analyzed. This
is due to the brevity of songs in all three genres and the computational system IDyOM,
which does not support timbre and loudness analysis as well as lyric analysis.

IDyOM and viewpoints (implemented functions in IDyOM) will be used to simulate
the listener’s perception of melodies and to analyze monophonic songs on different hi-
erarchical structural levels by measuring the entropy (E) and information content (IC).
Viewpoints will be used depending on the research topics, which may include an examina-
tion of (ir)regularity, segmentation, or (dis)similarity in the usage of musical features and
dimensions. Their selection is based on research showing their usefulness in investigating
musical structure, simulating the listener’s cognition and perception of music, as well as
enculturation.
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Chapter 4

Segmentation of Melody in Children
and Adolescents

When we are listening, the processing
of music seems effortless. However, we
are engaged in analyzing, segmenting
and encoding a complex stream of
sound.

Susan Hallam

Segmentation (Cambouropoulos, 2006), chunking (Miller, 1956), and grouping (Ler-
dahl & Jackendoff, 1983b), all refer to the partitioning of musical content into sequential
perceptual units during listening. Numerous studies (e.g., Knosche et al., 2005; Kragness
& Trainor, 2017; Lerdahl & Jackendoff, 1983b) demonstrate the significance of segment-
ing auditory information for the perception and understanding of music. The segmented
units may explain why some musical features or dimensions in the musical structure are
perceived as perceptually more salient than others, as well as how musical knowledge in-
fluences the use of these features and dimensions in the segmentation of music (M. Phillips
et al., 2020).

According to the findings, listeners organize musical information hierarchically, from
smaller to larger segments. This occurs mostly at the lowest level (e.g., notes, chords,
motifs) and progresses to the highest level (e.g., musical section), predominantly in phrases
(Deutsch, 2013; Knosche et al., 2005; C. L. Krumhansl & Jusczyk, 1990). Grouping varies
among listeners and is impacted by factors such as individual differences, age, musical
experience, and the musical dimensions or features (e.g., Mihela¢ et al., 2021; Schén &
Frangois, 2011; Tillmann et al., 2000).

Grouping in music appears to result from Gestalt-like principles (proximity; similarity;
good continuation; common fate: Deliége, 1987; Lerdahl & Jackendoff, 1983b; M. T.
Pearce, Miillensiefen, et al., 2010b). Two of them seem to be present early in human
development: prozimity, in which groups are formed from elements that are close together
rather than those that are further apart, and similarity, in which configurations are built
from elements that are similar (Thorpe et al., 1988; Trehub, 1987). However, little is known
about the perception and processing of phrases and boundaries in melody in the 5-to 6-year-
old preschool population. In addition, little is known about how children perceive musical
phrases and boundaries from preschool to adolescence. In 2018 and 2020, two experiments
on the segmentation of melodies by children and adolescents of various ages were conducted:
the Game Experiment and the Breathing Experiment. In the first experiment, in the Game
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Experiment, it was examined if phrases are used in music memory. The second experiment,
the Breathing Experiment examined the relationship between breathing while singing a
song and phrase perception.

This chapter is organized as follows. Section 4.1 presents the perception of phrases and
phrase cues from a psychological and musical-theoretical perspective. The important find-
ings of the Game Experiment, which examined segmentation and memorizing in children
of different ages, are presented in Section 4.2. The results of the Breathing Experiment
are reported in Section 4.3, and Section 4.4 provides a summary of the chapter’s findings
as well as suggestions for future research.

4.1 Scientific Background and Related Work

A number of studies of musical features that are significant in music in general, but espe-
cially in Western European music, have demonstrated that infants can recognize a variety
of musical components (e.g., intervals, rhythm, exact pitches, contour). They are already
able to analyze complex auditory data and can sequence tones, similar to adults (D. Camp-
bell, 2002; P. Campbell, 2010; Corrigall & Schellenberg, 2015; Thorpe et al., 1988; Trehub,
1987; Volchegorskaya & Nogina, 2014).

With continued exposure to different environmental musical stimuli, preschool children
can organize rhythmic information required for musical melody perception, detect melodic
changes that alter not only the contour of the melody but also the interval size (Mor-
rongiello et al., 1985), and use phrase cues as a grouping strategy in memorizing melodies
(Demorest, 2000).

According to a recent study, 5— and 6—year-old children utilize statistical learning about
musical structure from their environment and have already developed solid melodic expec-
tations. These results are consistent with previous research which found that statistical
aspects of auditory input are used in music and speech segmentation (Frangois et al., 2012;
Saffran et al., 1999; Schén & Frangois, 2011).

Various studies indicate that musical experience and age improve musical content seg-
mentation and phrase recognition (Bertrand, 1999; Eitan & Granot, 2008; Iversen et al.,
2008). Surprisingly, there is little consensus that musical training has a substantial effect
on segmentation accuracy. When specific musical abilities are measured, children who
have been given music lessons do better than those who have not (Ireland et al., 2018);
yet, in segmentation studies, small or moderate differences have been discovered between
musically trained and untrained children (Bertrand, 1999; Koniari et al., 2001). Similar
findings have been discovered in study on adults (Deliege, 1987; Nan et al., 2006).

On the contrary, both Schon and Frangois (2011) and Frangois et al. (2012) indicate
improved segmentation outcomes in trained individuals in longitudinal studies. The effect
of music training on speech segmentation in 8-year-old children was examined using behav-
ioral and electrophysiological measures, as well as a test-training-retest procedure. Only
the group with musical training demonstrated improved speech segmentation skills.

Language and music share a basic property: hierarchical structure (Lerdahl & Jack-
endoff, 1983b). A speech stream can be segmented from basic into complex units, and
likewise a general audio stream (Chiappe & Schmuckler, 1997). Both entities are governed
by syntax, a set of rules, and in both entities some events (units) are more expected than
others (Patel, 2003b). In sung music in general, defined as “a sequence of syllables (‘text’)
that is sung,” as opposed to the more general and common “musical setting of words, as
many songs contain vocables, such as ‘tra-la-la’; which are not words and yet are part of a
song text” (Wang et al., 2010, p. 3), structural units can be found both in the lyrics and in
the melody. In children’s songs, in which text and melody can each have their own struc-
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ture and organization of structural units, these units are usually intertwined (Jozef-Beg &
Mihelag¢, 2019) and mostly aligned (for example, aligning stressed syllables with a strong
musical beat).

It is unclear how lyrics and melody processing varies among age groups, whether as
separate or combined entities, and which, if either, is more significant. According to
Serafine et al. (1984) and Fedorenko et al. (2009), the processing of structural components
of language and music appears to be integrated in song perception; yet, Besson et al. (1998)
gives evidence for autonomous processing (Calvert & Billingsley, 1998; Lebedeva & Kuhl,
2010). Infants and preschoolers appear to pay more attention to phonemes than melody
when listening to music. Morrongiello and Roes (1990) demonstrate some integration of
words and melody in children as young as five, with integration increasing with age.

Many areas of the brain, some of which overlap, are involved in the processing of
language and music, therefore it is natural for the perception of lyrics to influence melody
and vice versa (Brown et al., 2006; Fedorenko et al., 2009). Thus, segmentation and the
subsequent structural units found in lyrics and melody, if integrated, would be affected by
variations in the melody or lyrics of a song (Crowder et al., 1990), i.e., when the lyrics
and melody are mismatched (for example, by substituting original lyrics with meaningless
words, or adding to the lyrics melody from another song).

Thus, deviations in the melody or lyrics of a song would affect segmentation and the
resulting structural units when integrated (Crowder et al., 1990), i.e., when the lyrics
and melody are mismatched (for example, by substituting original lyrics with meaningless
words, or adding melody from another song to the lyrics). Demorest (2000) demonstrated
that changing the original lyrics of a song with lyrics in a foreign language affects melody
segmentation and the participants’ memory of melody segmentation.

Weiss et al. (2012) report that vocal melodies are more easily memorized than instru-
mental melodies because vocal music induces a higher level of arousal, which (perhaps)
results in enhanced processing of musical structure and enhanced memory of structure-
specific features. To date, no study has demonstrated that playing a vocal song instru-
mentally affects segmentation accuracy in children or across age groups.

Petzold conducted a five-year longitudinal study on the development of auditory per-
ception in the domains of melodic perception, phrase learning, melodic reproduction with
varying harmonies and timbres, and rhythmic ability (Petzold, 1963; Petzold, 1966). Age
plays a significant role in the development of auditory perception, which was his primary
hypothesis. Auditory perception reached its peak for the majority of tasks by the age of
eight, with indications that the most significant development happened between the ages
of six and seven (first and second grades). The results of a study reported by Zimmerman
(1971) are similar. The conclusion that can be drawn from this overview of perception
study findings is that the perception of musical stimuli follows a developmental sequence.

4.2 Segmentation in Children: The Game Experiment

4.2.1 The Game Experiment (2018)

The Game Experiment conducted in 2018 partially replicates Demorest’s experiment (De-
morest, 2000), testing the same hypothesis: that the children are using phrases as a group-
ing strategy when they memorize melodies. Melody segments, representing phrases of a
melody, were used in a reconstruction task that requires a participant to put the phrases
in the correct sequential order, to rebuild the entire melody. As in Demorest’s original
experiment, the experiment in the reconstruction of melody consisted of two conditions:
the first using melody fragments matching the phrases in the melody under a normative
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segmentation; and the second using non-normative melody segments not matching the
phrase boundaries.! However, differently from Demorest, the number of melody segments
in the two conditions differed, and followed only the Demorest’s idea of putting phrase
boundaries at unexpected places in the melody. This can result in the appearance of more
melody segments in the second condition than in the first. The Demorest’s decision to
require the same number of segments in both conditions was presumably based on his suc-
cess measure: the number of moves required to complete the task, which clearly requires a
level playing field. However, in this study, the moves were not counted nor the number of
times participants had to listen and to check the segments in order to complete the task.
Measured was only the participants’ success (defined as successful /not successful) in the
first and second condition.

In Demorest’s experiment, the usual lyrics in all the songs were removed, and sub-
stituted with lyrics in a foreign language to avoid text cues, whereas in this experiment
the usual lyrics were substituted with meaningless words (e.g., “mali-bali”, “mame-mimo-
momu” ... ), to negate the impact of any text cues on the perception of melody, which
could be present even in lyrics with unfamiliar language because of a strong bond between
lyrics and melody in a song (the “integration effect”: R. L. Gordon et al., 2010; Serafine
et al., 1984; Serafine et al., 1986). In a period of two weeks, in March 2018, three choir ses-
sions under the guidance of experienced music teachers were conducted in each institution
(kindergarten, primary school and secondary vocational school). These sessions focused
only on learning the three songs.

Hypothesis

The hypothesis is that children are using phrases as a grouping strategy in memorizing
melodies.

Participants

104 out of 106 participants from two kindergartens, one primary and one secondary school
took part in The Game Experiment. These institutions were selected based on their will-
ingness to participate in the experiment and on the number of participants with formal
musical experience, which was verified prior to participation of these institutions in the
study. The participants were divided into three groups, depending on their age: group
“early” from 5-6 years (hereafter, early), group “middle” from 8-12 years (hereafter, mid-
dle), and “adolescent”; from 14-16 years (hereafter, adolescent), further dividing each group
into two subgroups according to their musical knowledge:? subgroup “with”, and subgroup
“without” formal musical knowledge. In dividing children into groups, developmental mile-
stones were taken into consideration (Shaffer & Kipp, 2009), as well as musical ability
development (Berland et al., 2015; Gooding & Standley, 2011), and the specifics of the
Slovenian education system.?

'In this thesis the term “normative” means the most probable interpretation according to music theory
and musical experience. This terminology is used to avoid the implication that there is in general a single
correct interpretation.

2In this thesis, formal musical knowledge is defined as knowledge obtained in formal private and state
music institutions, framed and valued in curriculum. In the first group of children aged 5 to 6 years
old, “musical knowledge” is defined as experience obtained through informal activities and practices (e.g.,
childcare musical activities, weekday concerts, music and movement activities,...inside and outside the
family, kindergarten, and private/state music institutions.

3In the Slovenian school system, preschool children are enrolled (depending on the year of their birth) in
kindergarten for up to six (seven) years, and then in primary schools from six (seven) to fourteen (fifteen)
years, for a total of nine years divided into three three-year periods. Depending on their year of birth,
children start a three- or four-year secondary school at fourteen (fifteen) years of age.
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Out of 104 participants, 26 were in the group early (11 with, 15 without musical
knowledge, avg. age = 5.62), 21 participants were in the group middle (6 with, 15 without
musical knowledge, avg. age = 9.90), and 57 participants were in the group adolescent (28
with, 29 without musical knowledge, avg. age = 15.16).

Methodology

A binary indicator was used for the results obtained in each song for each condition (1 =
solved; 0 = not solved). The results of rebuilding all the three songs in each condition and
for each participant were checked by an independent musical expert.

Stimuli

Three unfamiliar children’s songs were used for the Game Experiment: two Slovenian
children’s songs, “Mucek na dimniku” (hereafter referred to as Song 1), “Pet junakov”
(hereafter referred to as Song 2), and one Slovenian children’s folk song “Pozdravljena
trobentica” (hereafter referred to as Song 3). The choice of these songs was determined
by the features that a children’s song or children’s folk song should have: brevity (all
of them have only 8 bars); small pitch span—within the 5th (except for Song 2 with a
pitch span from D4 to C5)%; repeated motifs; small intervals; tessitura within the singing
range of children; and major mode, which children prefer (P. Campbell, 2010; Jozef-Beg &
Mihela¢, 2019; Nettle, 2000; Stadler Elmer, 2015). Figure 4.1 shows three example songs
and segmentations, and the number of events (eN) in each song.

The normative and non-normative phrasings (denoted by slurs in Figure 4.1) were
determined by five musical experts. The musical experts were selected based on their
formal musical education (of the highest level), musical experience with children’s (folk)
songs literature, and long-term choir leadership. Following the submission of normative
and non-normative phrases in songs including meaningless words by each of these experts,
a meeting with the experts was held to discuss discrepancies in phrasing. After their
concordance, the final normative and non-normative phrases were obtained.

Procedure

A child-friendly on-line game was used, created especially for this experiment with two
conditions (Petric, 2018). In the first condition, used were the melody segments equal to
the phrases given by the normative segmentation of three children’s songs. In the second
condition melody segments equal to the non-normative segmentation were used more. The
tasks in the first and second condition were to reconstruct the melodies in the correct order.

Before taking part in the The Game Experiment, all the participants were asked to
learn three unfamiliar songs to ensure the internal validity of the song-learning task.® The
songs were taught by teachers of the subject “Music” during three choir sessions over the
course of two weeks. The teachers from all the institutions were given instructions before
teaching these three songs: not to use any gestures and facial expressions that could suggest
phrasing throughout the learning of the songs, and to sing each song without breathing
from the beginning to the end of the song, in order not to influence the children’s phrasing
with their breathing in these songs. Singing each song without breathing was possible,
even using a moderate tempo, because each song consists only of eight bars. Each teacher
was observed in each choir session, to validate their teaching of the songs and not breathing
while singing them.

“The American Standard Pitch Notation (ASPN) is used in this thesis.
SInternal validity means that the learning of songs was not biased.
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Mucek na dimniku (Song 1)

. . Janez Bitenc
(normative phrasing)

| T IT Il T T

ele2el e4 e5 6 €7 e8 €9 el0 ell el2 el3 el4 el5 el6 el7 el8 el9 e20 e21 €22 e23 24 e25 €26 €27 28 €29 e30

(non-normative phrasing)

1 y 6 8
g 58 B

Janez Bitenc
(normative phrasing)

)

el e2e3 c4 e5¢c6 7 e8¢eY ¢l ell el2el3 eld cl5 el6 e17 ¢18 ¢19 e20 e21 22 ¢23 24 ¢25 26 ¢27 28 ¢29

el e2e3 e4ed e6 e7e8e9 ellellel2eld el4 el5 el6el7el8el9 e20e21e22e23 e24 25e26 e27 e28

(non-normative phrasing)

Figure 4.1: Songs used in the The Game and The Breathing experiment with phrases (normative
and non-normative) provided by musical experts. Each note in each song is labeled as an event
eN.
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In all three songs, the usual lyrics were removed and substituted with meaningless
words, as described above. The participants were informed that the Game Experiment will
consist of two conditions and that in each condition the main task will be the rebuilding
of the melodies. In the first condition, the normative segmentation of the three melodies
was used. The participants were asked to listen to the entire song, and then to rebuild
this same song with normative melody segments. The participants were told to self-pace
through all the tasks, pressing the “confirm /return” key when they had finished, which put
the selected melody segments together. Feedback on the accomplished task was given in
the form of two different sounds, depending on a correct or incorrect result. After the first
condition, there was a pause of 30 minutes, in order to avoid priming effects of songs heard
in the first condition on the second condition.

In the second condition, the non-normative segmentation of the same three melodies
was used. As in the first condition, the participants were asked to listen to the entire
song before rebuilding it with melody segments, matching non-normative segments in the
melody. No time limit was given; as in the first condition, the participants could self-pace
through the tasks. By pressing the “confirm/return” key after finishing each of the tasks,
the melody segments were put together, again indicating a correct or incorrect result with
a sound. Figure 4.2 illustrates the presentation of Song 1, a part of the task used in the
Game Experiment. The three cats (on the left side) in Condition 1 (Level 1: normative
phrasing) represent the three segments, and the four cats in Condition 2 (Level 2) represent
the four segments of a non-normative phrasing. By clicking on a cat, a particular segment
of the Song 1 is played. After putting all the cats in their boxes, the participant may listen
from the beginning to the end of all the cats and to check if the melody is rebuilt correctly.
If the participant decides that one of the cats is not correct, that cat may be returned
to its place, and the order of cats can be changed. The “play” button in each condition
(Condition 1 and Condition 2) gives the participant the opportunity to listen to the entire
song before starting with the task, the button “potrdi” (confirm) stores the rebuilt in a .txt
file.

:. : : . : . ) .I\:‘ch.ek.bel -.Lev.ei1. ) ... :. : : .
e e ® I e s
elelelate” Mucek bel - Level 2 ieleelee”
. ® o

Figure 4.2: An illustration of Song 1 from the game used in the The Game Experiment.
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Results

The aim of using normative and non-normative melody segments, respectively, in the two
conditions of the Game Experiment was to test whether the subject’s memory of a song
relies only on remembering the notes of the whole song or on remembering distinct phrases.
The results suggest that the reconstruction task of songs 1 and 2, but not song 3, was more
difficult for all participants in the second condition than in the first condition (see Figure
4.3).
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Figure 4.3: Results of the reconstruction of songs in the first and second condition in the The
Game Experiment 2018.

Detailed results of the Game Experiment are presented in Table 4.1. The proportion
of participants who successfully recreated the songs is higher in all the groups in the first
condition with normative phrasing (proportion pl) than in the second condition with non-
normative phrasing (proportion p2). The significance of differences between pl and p2 for
each group and song was tested using McNemar’s test (McNemar, 1944), since comparison
between proportions of two dependent samples is required. p-values of this test are reported
in the last column of Table 4.1.

Table 4.1: Proportions of successfully recreated songs in the The Game Experiment (2018).

Group Song pl p2 p-value

early Songl .69 .08 p < .01
early Song2 .81 .31 p< .01
early Song3 .96 .54 p < .01
middle Songl .57 .10 p< .01
middle Song2 .29 .19 p= .68
middle Song3 .90 .71 p=.22

adolescent Songl .88 .04 p < .01
adolescent Song2 .61 .21 p< .01
adolescent Song3 .98 .80 p < .01




4.2. Segmentation in Children: The Game Experiment 35

Discussion

All the participants, from all the groups, regardless of musical knowledge or age, had prob-
lems in rebuilding melodies with non-normative melody segments in the second condition.
The results from the second condition in all the songs indicate that it is harder to recon-
struct a song with phrases that do not match a music-theoretical normative representation
of phrases and phrase boundaries. Similar results were found in Demorest’s experiment.

A plausible explanation for the better results which were obtained in Song 3, even
in the second condition by using non-normative phrasing, may be that this song consists
of less repeated content, and more distinguishable motifs compared to Song 1 and Song
2. Repetition is ubiquitous in music, and repeated motifs, or larger musical structures
are better memorized (Hutchins & Palmer, 2008; Margulis, 2014). Furthermore, studies
dealing with priming effects, and priming repetition (in general), show that repeated stimuli
facilitate the processing of a structure (e.g., Cholin et al., 2004; Wheeldon & Smith, 2003).
However, some studies also suggest that stimuli with low-frequency, compared to stimuli
with high-frequency, receive more benefits from prior exposure (e.g., Forster & Davis, 1984;
Nevers & Versace, 2003).

As can be seen from Figure 4.1, the repeated motifs were split at unusual and un-
expected places in non-normative phrasings, turning them to less distinguishable stimuli
(motifs) in Song 1 and 2, compared with stimuli (motifs) in Song 3, even after recreating
them by using a non-normative phrasing. Several studies outline the importance of phrase
boundaries in the proper segmentation of music (Deutsch, 2013; Handel, 1989; Kragness
& Trainor, 2017; Lerdahl & Jackendoff, 1983b). By putting the phrase boundaries in the
second condition on unusual places where no phrase boundaries were expected, problems
occurred in reconstructing songs, suggesting how the participants perceive the entire song.

It seems that, while learning all three songs, the participants remembered phrases, and
therefore had problems in recalling the non-normative segments while trying to rebuild
the melodies in the second condition. These results are in accordance with the findings
from Silva et al. (2014) and M. T. Pearce, Miillensiefen, et al. (2010a) and M. T. Pearce,
Miillensiefen, et al. (2010b), outlining the importance of memory from a previous phrase
in the transition from one to another phrase. These results support the hypothesis that
children use phrases as a grouping strategy when memorizing melodies.

The participants were observed while solving the tasks from the second condition. They
repeatedly moved the melody segments, and repeatedly listened to the melody produced,
while also appearing frustrated. This may indicate that they were searching for some
familiar points (boundaries) which could help them in reconstructing the song. According
to the results, participants with and without musical knowledge in the three different
groups perceive musical phrases and phrase boundaries in a similar way, regardless of age.

4.2.2 The Game Experiment (2020)

The same Game Experiment (2018) was conducted in 2020, from May to June, and tested
the same hypothesis: that phrases are used as a grouping strategy during the memorization
of melodies in children. Using the same game environment and the same three songs, two
additional issues were tested, (i) how the way of learning melodies by listening only to
instrumental versions of songs affects the results of the segmentation of melodies, and (ii)
the effect of order, i.e., whether the randomization of songs to be recreated in tasks with
normative and non-normative phrasing impacts the results of recreating the songs in both
conditions. A total of 35 children and adolescents participated in the replicated Game
Experiment (2020). The schools and the participants were selected, as in Experiment
(2018), based on their willingness to participate in the experiment and the number of
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participants with formal musical experience, which was verified prior to the participation
of these institutions in the study.

As in the The Game Experiment, conducted in 2018, the participants were divided into
three groups, depending on their age: early childhood from 5-6 years (group early), middle
childhood, from 8-12 years (group middle), and adolescent, from 14-16 years (group adoles-
cent), further dividing each group into two subgroups according to their musical knowledge
(experience): subgroup “with” and subgroup “without” formal musical knowledge.

Participants

From 35 participants, 9 participants from the group early were involved (5 with, 4 without
musical knowledge, avg. age = 5.22), 13 participants from the group middle (6 with,
7 without musical knowledge, avg. age = 10.70), and 13 participants from the group
adolescent (7 with, 6 without musical knowledge, avg. age = 15.38). Binary indicator
(1 = solved; 0 = not solved) was used to measure success in recreating of songs in both
conditions, and the same three songs with the same normative and non-normative phrasings
were used.

Methodology
Procedure

The teacher, who previously sang the songs, was replaced with instrumental versions of all
the three songs, created by the program Sibelius, using a piano sound. All the participants
listened to the songs during three successive days in their respective institutions. Each
song was played on a computer with loudspeakers and repeated three times, followed by
a pause of 10 seconds before playing another song. The Game Experiment (2020) was
conducted on the fourth day, after the three listening days. The order of the songs used in
both conditions was randomized, and a pause of 30 min was provided after finishing the
first condition of a song before starting the second condition in another song.

Binary indicator (1 = solved; 0 = not solved) was used to measure success in recreating
of songs in both conditions, with the same three songs, and with the same normative and
non-normative phrasings.

Comparison Between the two Game Experiments

Participants had problems in recreating the songs in the second condition, as in The Game
Experiment 2018 (see Figure 4.4). Fisher exact test (Rice, 2005) was used to test the
difference in the proportions of successful recreated songs in The Game Experiment 2018
(pl_Exp), and The Game Experiment 2020 (p2 Exp), for each song, each group, and
each condition (altogether 18 tests). No statistically significant differences were found (see
Table 4.2).

This confirms that neither the way of teaching (listening to instrumental versions),
nor the order of songs in both conditions has significantly influenced the successfulness of
recreating the songs.
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Figure 4.4: Results of the reconstruction of songs in the first and second condition in The Game
Experiment 2020.

Table 4.2: Difference in the proportions of successful recreated songs with normative (norm) and
non-normative (non-norm) phrasing in The Game Experiment 2018 and The Game Experiment
(2020).

Group Song Condition pl Exp p2 Exp p-value

early Songl norm .69 .99 .08
early Songl non-norm .08 A1 .99
early Song2 norm .81 .89 .99
early Song2 non-norm 31 11 .39
early Song3 norm .96 .99 .99
early Song3 non-norm .54 44 71
middle Songl norm b7 .85 .14
middle Songl non-norm .09 .00 bl
middle Song2 norm .29 .54 A7
middle Song2 non-norm .19 .08 .63
middle Song3 norm .90 .99 .51
middle Song3 non-norm .71 77 .99
adolescent  Songl norm .88 .99 .33
adolescent Songl non-norm .04 .00 .99
adolescent Song2 norm .61 .54 .76
adolescent Song2 non-norm 21 .38 .28
adolescent Song3 norm .98 .99 .99

adolescent  Song3 non-norm .80 .85 .99
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4.3 Segmentation in Children: The Breathing Experiment

Two Breathing Experiments were undertaken in 2018 and 2020 to determine whether and
how breathing while singing correlates with the perception of phrases in children with and
without musical knowledge aged 5-6, 8-12, and 14-16 years.

The decision to conduct breathing studies was based on the fact that everything we do
occurs while we are breathing and that the music we listen to (or perform) impacts our
respiration. Numerous studies investigate the relation between breathing and music listen-
ing/performing /segmentation, calculating factors such as respiratory inhalation /exhalation
time ratio, respiratory rate and depth, respiratory behavior and emotional responses, and
changes in physiological responses as music transitions from one segment to the next
(Bernardi et al., 2006; Cabredo et al., 2011; Iwanaga & Moroki, 1999; C. Krumhansl,
1997).

None of these studies investigate the relationship between breathing (respiration) and
segmentation in children of various ages, and how musical structure affects breathing. The
expectations were:

e The participants are using statistical information to form a model of musical syntax,
and that this model should become more strongly predictive with increasing age.,

e Intra-group agreement about places of breathing increases with age.

e Agreement with normative segmentations increase with age (taking into account the
possibility of ambiguity in the stimulus: M. T. Pearce, Miillensiefen, et al., 2010b).

4.3.1 The Breathing Experiment (2018)
Hypotheses

The Breathing Experiment (2018) tests two hypotheses: (i) that agreement on segmenta-
tion within age groups increases with age, and (ii) that the similarity between normative
and participant’s segmentation increases with age.

Participants

The same 106 children and adolescents who participated in The Game Experiment (2018)
also participated in The Breathing Experiment (2018), which was divided into the same
three groups as The Game Experiment (2018):

early (5-6 years), middle (8-12 years), and adolescent (14-16 years). These groups were
further divided into two subgroups according to their musical experience: subgroup “with”,
and “without” formal musical experience. Of 104 participants, 26 participants were in the
early group (11 with, 15 without musical experience, mean age = 5.62), 23 participants
were in the middle group (6 with, 17 without musical experience, mean age = 9.90), and 57
participants were in the adolescent group (28 with, 29 without musical experience, mean
age = 15.16). However, the number of participants’ responses varied from song to song,
because incomplete recorded songs, for example, where the participant could not remember
the song, or sang only a part of it, were discarded.

Stimuli

The same three children’s songs were used as in The Game Experiment (2018) and (2020).
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Methodology

Participants learned the three songs throughout three choir sessions over the course of two
weeks. Fach session lasted 30 minutes. A brief rehearsal was done on the day prior to
the experiment. During these sessions, the teachers were given very detailed instructions
not to pay any particular attention to the boundaries in the songs, such as refraining from
breathing during the singing of songs or using gestures and facial expressions that could
suggest phrasing throughout the learning of the songs.

The songs were always learned in the same order, beginning with Song 1, then Song 2,
and finally Song 3. The teachers sang songs with the children in an unstructured manner,
allowing the children to freely breathe while singing. The same set order of songs (from
Song 1 to Song 3) was adhered throughout the recording process. Each participant was
separately recorded in a quiet room. Before recording a song, a trained experimenter sang
the first 2-3 bars of the song to the participant to help him or her start singing. These
bars were not used in any of the analyses. It was made clear to each participant that they
were free to breathe whenever they felt necessary while the songs were being recorded.

Equipment

Participants’ singing was recorded using a Handy Recorder H4n with a built-in stereo
microphone. The researchers used Audacity® to visually analyze all of the captured audio
data.”

Procedure

The locations of breathing in the visualized waveforms were compared with the partici-
pant’s clear inhalation and song scores to determine where breathing occurred. Thus, both
the visual depiction of Audacity and the sound of the audio recordings were used, for every
single breath for every song and every child.

To analyze the breathing in detail, each event from each song and for each participant
was analyzed; 30 events from Song 1, 29 events from Song 2, and 28 events from Song
3. (see Figure 4.1). Each participant’s breathing locations were marked with a binary
indicator (1 = breath, 0 = no breath) for each song. A comparison was made between the
participants’ breathing and the breathing places (normative phrasing) provided by musical
experts for each song. Final breathing evaluations for each participant were made after
consulting and comparing the experimenter’s findings with those of an additional musical
expert. This expert was chosen (as were all five musical experts) based on his formal
musical training (of the highest level) and extensive choir leadership.

To measure the similarity between two different segmentations, cosine similarity was
calculated (Han & Pei, 2012, p. 78) between two binary vectors whose elements corre-
sponded to possible breathing points in each song. When the cosine value approaches 1,
a stronger match between two vectors is obtained, as well as smaller angles (Han & Pei,
2012, p. 78). As the measured attributes are binary-valued, given two vectors Z and ¥,
cosine similarity is interpreted in terms of shared occurrences:

- ZZ LY (4‘1)

sim(, §)
2 2
\/ > \ > i Vi
Shttps://www.audacityteam.org

"Visual analysis refers to the process of looking for flat lines inside a waveform, which represent the
threshold (silence) and consequently indicate “not breathing.”
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Breathing on the very first note of each song was discarded for the same reasons as
de Nooijer et al., 2008: (i) there is no information on the context before the first event in
a melody, and (ii) adding breathing on the very first event (note) in a song yields to sta-
tistical anomalies. In making the analysis, only the sequential aspects of the participants’
performance were considered, not the elapsed time: the focus was only on where in the
sequence a participant took a breath, and not its exact timing. After consulting with an
additional musical expert, a decision was reached regarding each participant’s breathing
in each song.

Finally, the mean similarity of each (sub)group of children to normative phrasing was
estimated by averaging the computed cosine similarities across all of the children in the
observed (sub)group.

Results
Song 1

93 participants out of 106 produced usable recordings of Song 1: 19 participants from the
early group (13 participants with and 6 without musical knowledge, mean age = 5.68), 23
participants from the middle group (6 participants with and 17 without musical knowledge,
mean age = 9.74) and 51 participants from the adolescent group (26 participants with and
25 without musical knowledge, mean age = 15.16).

Fleiss’s k (Kappa: Fleiss, 1971) was used to measure inter-participant agreement, show-
ing moderate agreement in all groups (k = 0.59), substantial inter-participant agreement
in groups early (k = 0.64), middle (x = 0.70), and adolescent (k = 0.74).

Figure 4.5 demonstrates that the group early breathed more frequently than the other
two groups. In the group early, slightly different results were also discovered between
children with and without musical experience: breathing is more frequent in children with
musical experience. On the other hand, breathing on phrase boundaries in participants
from group early with no musical experience is more comparable to breathing on phrase
boundaries in participants from group middle with no musical experience.
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Figure 4.5: Breathing patterns in all groups in Song 1 (The Breathing Experiment 2018).

In general, it does not appear that the breathing patterns of all groups can be clas-
sified merely based on shortness of breath, which would be expected to follow a Poisson
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distribution. Breathing does not typically occur in the middle of a bar, but rather after a
four-bar phrase at the beginning of the song (with the exception of early participants with
musical knowledge), followed by two new short phrases in the fifth and seventh bars that
correspond to phrases from the normative version of this song.

Table 4.3 shows the mean cosine similarity between the normative phrasing (as indi-
cated in Figure 4.1) and breathing by all groups (depicted in Figure 4.5). There is a strong
correspondence between the normative phrasing and the breathing of all groups, including
the early group, despite the early group’s frequent breathing.

Table 4.3: Mean cosine similarity between the normative segmentation in Song 1 and breathing of
all groups.

Groups All  With Without

early .62 .55 .80
middle N 74 .83
adolescent .78 .76 .80

Song 2

103 participants out of 106 produced usable recordings of Song 2: 25 participants from the
early group (11 participants with and 14 without musical knowledge, avg.age = 5.68 ), 23
participants from the middle group (6 participants with and 17 without musical knowledge,
avg. age = 9.74) and 54 participants from the adolescent group (26 participants with and
29 without musical knowledge, avg. age = 15.15).

Substantial agreement was found across all participants (x = 0.77), and within early (k
= 0.78) and middle group (x = 0.76). Almost perfect agreement was found in adolescents
k =(0.81). Breathing patterns in all three groups are presented in Figure 4.6.

Participants with and without musical knowledge from the group early breathe fre-
quently (every two bars or even after each bar) in this song, despite its normative phrasing
consisting of two two-bar phrases in the first four bars and a four-bar phrase in the second
part. There is a tendency to aggregate the last four bars as a four-bar phrase (norma-
tive phrasing), and this tendency increases from the youngest group to the oldest group,
regardless of musical knowledge.

The relationship between the normative breathing in each group is shown in Figure 4.6
and Table 4.4. There is a high degree of consistency between the normative segmentation
and breathing and all groups, regardless of age or musical knowledge.

Table 4.4: Mean cosine similarity between the normative phrasing in Song 2 and breathing in all
groups.

Groups All With Without

early .88 .82 .93
middle .85 .81 .87
adolescent .89 91 .86
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Figure 4.6: Breathing patterns in all groups in Song 2 (The Breathing Experiment 2018).

Song 3

77 participants out of 106 were involved: 9 from the group early (6 participants with and
3 without musical knowledge, avg. age = 5.56), 23 from the group middle (6 participants
with and 17 without musical knowledge, avg. age = 9.74) and 45 from the group adolescent
(22 participants with and 23 without musical knowledge, avg. age = 15.11). The fewest
usable recordings were obtained in Song 3, possibly because the usual lyrics were not used,
or because of the absence of special words with clear accents (weak-strong, strong-weak),
which could help the participants recall the anacrusis at the beginning of the song.

All participants were more successful at reproducing the contour of this song than
the other two, but less successful at reproducing the exact pitches and intervals. This is
consistent with previous findings that contours are easier to remember than intervals under
certain conditions (Dowling, 1978; Massaro et al., 1980; Miillensiefen, 2006).

Bennet (1990) demonstrates that anacruses are more easily detected when appropriate
accented words are employed in conjunction with the tune. The anacrusis in this song
is on a weak accent, implying that the phrase’s beginning (grouping structure) is not
aligned with the metrical onset (metrical structure). While it is widely accepted that
grouping structure is logically independent from metric structure (Brochard et al., 2000;
Liegeoise-Chauvel et al., 1998; Peretz, 1990), in practice, the two structures are frequently
inextricably linked (Kragness & Trainor, 2017). This is not the case for this particular
song. Additionally, the song contains multiple repeated notes with the same pitch and
beat following the anacrusis that were not well learned.

Some studies indicate that smaller intervals are prevalent in children’s songs (Narmour,
1990; Schellenberg et al., 2002), and that listeners have a natural tendency to anticipate
smaller intervals when identifying a melody or song. Despite this, participants from all
three groups found it more challenging to learn this song, which has a narrow pitch range
and small intervals, than the other two.

The inter-participant agreement calculated using Fleiss’s x shows substantial agreement
within all the groups (k = 0.72). The lowest, moderate inter-participant agreement was
found in group early (k = 0.44 with 9 participants), with almost perfect agreement in
middle (k = 0.96) and in adolescent (k = 0.86). The perception of phrases is similar in two
latter groups: two four-bar phrases, the first starting with an anacrusis at the beginning
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Table 4.5: Cosine similarity between the normative segmentation in Song 3 and breathing in all
groups.

Groups All  With Without

early .61 .66 .50
middle .99 1 .92
adolescent .88 .90 .86

and the second one starting in bar 5 (e16). The breathing patterns in Song 3 in all groups
are shown in Figure 4.7.
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Figure 4.7: Breathing patterns in all groups in Song 3 (The Breathing Experiment 2018).

The matching between the expected breathing in bar 5 (el6), and all the groups is
shown in Table 4.5. Very strong correspondence is found between the expected breathing
and group middle and adolescent, moderate in the youngest group.

Discussion

Findings of The Breathing Experiment (2018) show the least inter-participant agreement in
the youngest group early, very frequent breathing patterns in this group, and no statistically
significant differences between participants with and without musical knowledge.
Examination of the breathing patterns in each of the three songs showed that the
youngest group (group early) had the least inter-participant agreement regarding the
breathing patterns. This could be owing to the unfamiliar melodies, or the absence of
lyrics, harmonic accompaniment, and dynamics. Another possibility is that the three
songs generated different segmentation strategies in this group of children, and that higher
inter-participant agreement may be achieved by subdividing this group according to the
segmentation strategies used in the three songs (M. T. Pearce, Miillensiefen, et al., 2010b).
The results of this experiment indicate (in the majority of cases) a very frequent breath-
ing pattern, which was expected given the age group’s respiratory/physiological require-
ments. However, it appears as though this group’s breathing is unaffected by shortness of
breath in any of the songs. If it were related to lung capacity, breathing could occur in the
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middle of bars as well as (contrary to our observations) ‘rhythmically’: at the beginning
of each bar or every second bar, as in Song 1 and Song 2.

The following are some probable causes for frequent breathing and low inter-participant
agreement on breathing (perception of phrases and phrase borders). Frequent breathing
may be influenced by formal musical activities (e.g., choir singing) on the participant’s
understanding of the musical structure, in the sense that instructions on how to sing,
where to breathe, and how frequently to breathe may be poorly understood. Another
explanation could be the lack of a confident level of knowledge of basics in singing, in choir
instructors themselves (K. H. Phillips & Vispoel, 1990).

According to an analysis of the implicit harmony in Song 2, frequent breathing in
group early may be explained by implied chords that function as phrase boundaries, in the
sense that whenever a stable chord (e.g., chord with a tonic function) is provided following
chords with a high tension (e.g., dominant or subdominant), a point of relaxation/end of
a phrase is achieved. This is consistent with the findings of the Lerdahl and Jackendoff
(1983b)’ prolongational hypothesis, as well as with the findings of other studies indicating
that phrase boundaries in a musical phrase can be represented by chords that act as cues
for a phrase boundary depending on their tension/relaxation (Bigand, 1993; Kragness &
Trainor, 2017).

Figure 4.8 shows the stable chords in Song 2, the tonics (‘T’), subdominant (‘S’) and
dominant (‘D’). These chords may be perceived as cues for phrase boundaries, less so in
the first four bars of the song (where ‘T’ predominates) and more so in the last four bars,
with a frequent changing of chords (S-T, in the last bar D-T'), in which each chord marked
as ‘S’ (‘D’) is deceiving and signals a (false) new “phrase.” As a result, more frequent
breathing (due to the ‘tension/relaxation’ of a chord) is observed at the beginning of each
bar, particularly among participants with musical experience, and in all groups.

(V = breathing)

Figure 4.8: Breathing patterns in all groups in Song 3 (The Breathing Experiment 2018).

Frequent breathing in some participants, especially in participants with musical knowl-
edge, at every bar in Song 2, suggests a high sensitivity to contour which may be used as a
cue in grouping the music material. In Western musical tradition, an ‘inverted U’ pattern
is very common for a melodic contour and several such inverted U patterns can be found
in this song, in the first, second, third, fourth, and eight bar, and partially in the fifth,
sixth and seventh bar (see Figure 4.9).

The frequent breathing of some participants, particularly those with musical knowledge,
at each bar in Song 2 indicates a high sensitivity to contour, which might be utilized to
group the musical material. An ‘inverted U’ pattern is a fairly prevalent melodic contour
in Western musical tradition, and numerous of these inverted ‘U patterns’ appear in this
song, in the first, second, third, fourth, and eighth bar, as well as partially in the fifth,
sixth, and seventh bar (see Figure 4.9).

The song’s inverted ‘U patterns’ (actually, each bar) are aligned with the frequent
breathing of some participants from the youngest group at the beginning of each bar,
using the contour as a cue for phrase boundaries (the downward slope at the end of each
inverted ‘U pattern’). Numerous studies indicate that very young children approximate
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Figure 4.9: Breathing patterns in all groups in Song 3 (The Breathing Experiment 2018).

the contour of a melody at first and then gradually focus on pitches and specific intervals
(Kragness & Trainor, 2017; C. L. Krumhansl, 1990; Thorpe et al., 1988) and that listeners
are highly sensitive to contour in their recognition memory for melodies (Deutsch, 2013;
Dowling, 1999). Due to the fact that this frequent breathing is present in only a few
participants in the youngest group but not in the older groups, the results indicate that
the younger participants have a high sensitivity to the contour of a recalled song. Breathing
patterns in the oldest two groups (middle and adolescent) demonstrate a high degree of
similarity across participants with and without musical training.

Although several studies have confirmed the effect of formal musical training on under-
standing musical structure (Fujioka et al., 2004; Hannon & Trainor, 2007), the obtained
result contradicts the neurophysiological study of Bresson (1997), which demonstrates the
importance of formal musical knowledge and shows a significant difference between those
with and without musical knowledge when solving a specific and explicitly defined musical
task (viz., finding the out-of-key changes in an unfamiliar melody).

None of the participants in The Breathing Experiment were informed of the experi-
ment’s purpose or where to breathe in a particular song; they were simply instructed to
“sing the songs,” which meant that all participants, with or without musical knowledge,
were required to concentrate exclusively on singing the three learned songs without any
specified or demanding tasks requiring theoretical musical knowledge. The high inter-
participant agreement between participants in these two groups on their perception of
phrase/phrase boundaries suggests that participants with and without musical experience
employ similar grouping strategies, which is consistent with Deliége’s 1987 findings.

4.3.2 The Breathing Experiment (2020)

The Breathing Experiment was conducted again in 2020. The purpose of this experiment
was to obtain more information about the breathing patterns of children of various ages,
particularly the youngest population, and to identify useful clues that could be used in
future experimental studies.

Hypothesis

The Breathing Experiment conducted in 2020 tested the same hypotheses as the Breathing
Experiment 2018: that agreement on segmentation within age groups will increase with
age, and that the similarity between the normative segmentation and the participant’s
segmentation will increase with age.

Participants

A total of 34 children and adolescents participated in the Breathing Experiment 2020. As
in The Breathing Experiment 2018, the participants were divided into three age groups,
each of which was further divided according to with/without experience: early (56 years;
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n=8, with experience n=4, mean age=5.13), middle (8-12 years; n=13, with experience
n=6, mean age=10.62), and adolescent (14-16 years; n=13, with experience n=7, mean
age = 15.39).

Equipment

As in The Breathing Experiment 2018, a portable Handy Recorder H4n with built-in stereo
microphone was used to record the singing of participants. Breathing in all the recorded
audio data was visually analyzed using Audacity.

Methodology

All three songs were recorded in their entirety as sung by all participants. In comparison to
the Breathing Experiment 2018, participants were trained utilizing instrumental versions
of the songs generated using Sibelius® and an electronic piano sound. All participants
listened to the music in their respective institutions for three consecutive days (each day
for 30 minutes). Each song was played three times on a computer with loudspeakers,
followed by a ten-second delay before proceeding to the next song. In contrast to the
Breathing Experiment 2018, the order of songs was randomly assigned during the learning
sessions. A final little rehearsal occurred the day before the recording. The order of songs
was randomly assigned to each participant throughout the recording process.

To denote breathing, a binary indicator was employed (1 = breathing; 0 = not breath-
ing). Breathing locations were checked (as in the Breathing Experiment 2018) using Au-
dacity, marked also within the scores, and checked by an additional music expert. For the
same reason as in the Breathing Experiment 2018, breathing on the very first note of each
song was discarded.

Results
Song 1

Of 34 participants, 8 early participants (4 with experience, mean age = 5.13), 13 middle
participants (6 with experience, mean age = 10.62), and 13 adolescent participants (7 with
experience, mean age = 15.39) made usable recordings. The inter-participant agreement
calculated using Fleiss’s k shows substantial agreement between all the groups (k = 0.63),
and in groups early (x = 0.74) and adolescent (k = 0.78). Moderate agreement was found
in group middle (k = .49).

Breathing patterns in all groups are shown in Figure 4.10. The cosine similarity between
the normative segmentation and participants is shown in detail in Table 4.6.

Table 4.6: Mean cosine similarity between the normative segmentation in Song 1 and breathing in
all groups.

Groups All With Without

early .83 .86 .68
middle .58 .59 57
adolescent .82 .71 .95

Shttps://www.avid.com /sibelius
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Figure 4.10: Breathing patterns in all groups in Song 1 (The Breathing Experiment 2020).

Song 2

Song 2 was also recorded by the same participants as Song 1. The inter-participant agree-
ment calculated using Fleiss’s x shows almost perfect agreement between all the groups (k
= 0.86), and in groups early (k = .84) and adolescent (kx = 0.83), substantial agreement
in group middle (k = 0.75).

Breathing patterns in all groups are shown in Figure 4.11. The cosine similarity between

the normative segmentation and breathing patterns in all groups in Song 2 are shown in
detail in Table 4.7.
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Figure 4.11: Breathing patterns in all groups in Song 2 (The Breathing Experiment 2020).
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Table 4.7: Mean cosine similarity between the normative segmentation in Song 2 and breathing in
all groups.

Groups All With Without

early .87 .85 .90
middle .85 .86 .87
adolescent 91 .92 91

Song 3

The same participants from the middle and adolescent group were involved in the record-
ing of Song 3. From the early group, only 6 out from 8 participants produced usable
recordings (mean age = 5.17). The inter-participant agreement calculated using Fleiss’s &
shows almost perfect agreement between all the groups (k = 0.87), substantial intra-group
agreement in group early (k = 0.70), and almost perfect agreement in groups middle (k =
1) and adolescent (k = 0.93).

Breathing patterns in all groups are shown in Figure 4.12. Cosine similarity between
the normative segmentation and breathing in all groups is shown in Table 4.8.
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Figure 4.12: Breathing patterns in all groups in Song 3 (The Breathing Experiment 2020).

Table 4.8: Mean cosine similarity between the normative segmentation in Song 3 and breathing in
all groups.

Groups All  With Without

early .83 .80 .86
middle 1 1 1
adolescent .98 1 .95
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Discussion

The Breathing Experiment (2020) was conducted to understand more about the breathing
patterns of children of varying ages, especially the youngest population, and to identify
relevant clues for future experimental studies. Compared to The Breathing Experiment
(2018), a smaller population was included in this study. When children and adolescents’
breathing was compared to normative phrasing, comparable segmentation results as in
The Breathing Experiment (2018) were seen, regardless of whether instrumental versions
of songs were used, or the songs were randomly ordered during training. Except for group
middle, the results indicate that agreement within age groups and matching between nor-
mative and participant segmentations increase with age.

Comparison Between the two Breathing Experiments

The Breathing Experiment (2020) yielded comparable results to the Breathing Experi-
ment(2018): segmentation similar to normative phrasing was observed in older groups,
and Song 2 had the best segmentation regardless of musical knowledge. Using instrumen-
tal versions rather than vocal versions to learn songs and recording songs in a random
order did not provide statistically significant differences.

The Breathing Experiment (2020) revealed segmentation closer to normative segmenta-
tion in all three songs and all three groups, including the youngest. A plausible explanation
could be that there were more musically experienced participants in The Breathing Exper-
iment (2020) than in the Breathing Experiment (2018), which would also account for the
younger group’s better results in intra-group agreement, although intra-group agreement
results in the Breathing Experiment 2020 also increase with age. As was the case in the
Breathing Experiment (2018), the best segmentation was found in Song 2. The fact that
all participants were successful in segmenting this song points to the musical structure’s
(clearly) unambiguous segmentation cues.

The fact that older groups (middle and adolescent) and normative segmentation matched
better in Song 1 and Song 2 in both breathing experiments suggests that older participants
are using, in addition to low-order musical features (e.g., pitch, rhythm), high-order musical
features (e.g., interval, implied harmony), or a combination of low- and high-order musical
features to locate phrase cues. This finding is consistent with numerous studies (Cohrdes
et al., 2016; Cohrdes et al., 2014; Lamont, 1998; Trehub & Hannon, 2006) demonstrat-
ing that children become more sensitive to higher-order (interval content) musical features
with age than to lower-order (surface) musical features (e.g., contour), and that cognitive
processing of musical features progresses from basic to combined (Cohrdes et al., 2016;
Trehub & Hannon, 2006).

Both Breathing Experiments (2018) and (2020) demonstrate that the matching between
participants’ segmentation and the normative segmentation increases with age, which is
consistent with the findings from (Cohrdes et al., 2014; Iversen et al., 2008). As was the
case in the previous studies by Koniari et al. (2001) and Melen and Wachsmann (2013), no
significant differences in segmentation results were found between participants with and
without musical knowledge (or experience in the youngest group), indicating that musical
training had no discernible effect on song segmentation.

The results of The Breathing Experiment (2020) indicate that using instrumental ver-
sions of the identical songs, as well as the randomization of the sequence of the songs, had
no effect on how the three songs’ phrases were perceived. Due to the fact that the lyrics
were omitted from both versions used to teach the songs (sung version in The Breathing
Experiment 2018 and the instrumental version in The Breathing Experiment 2020), all
participants were relying on music to locate phrase cues.
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4.4 Summary

Two experiments, The Game Experiment and The Breathing Experiment described in this
chapter examined the perception of melody in a specific population, aged 5-6 years, and
two older groups (middle, aged 8-12 years, and adolescents, aged 14-16 years), both with
and without musical knowledge. The experiments were designed to address a need in the
literature, as there are currently no studies that explore how these age groups perceive
musical phrases.

The Game Experiment, conducted in 2018 and 2020, examined whether a subject’s
memory of a song is dependent solely on recalling the entire song’s notes or on recalling
particular phrases. The Breathing Experiment, conducted in 2018 and 2020, examined
two hypotheses: (i) that agreement on segmentation within age groups grows with age,
and (ii) that similarity between the normative and participant segmentation also increases
with age. Hypotheses were validated by the results in both experiments.

By using normative and non-normative melody segments in recreating songs, singing
as a teaching method, and no randomized order of songs in The Game Experiment (2018),
participants were more effective in rebuilding melodies with normative phrasing, regardless
of age or musical knowledge. The significance of prior phrase memory in the transition
from one phrase to the next has been proven, providing support for the hypothesis that
children and adolescents use phrases to recall melodies.

It is unclear how motifs with a high frequency of repetition vs distinguishing motifs that
are not repeated have an effect on the memorization of tones/phrases. By dividing motifs
at unique and unexpected locations in non-normative phrasings, it was anticipated that
this would influence the perception of learned phrases in normative phrasings. However,
the splitting of motifs in Song 3, which has no repeating motifs, was likewise performed
in highly improbable locations. Unexpectedly, the finest results in replicating this song
were achieved by all groups, irrespective of age or musical experience. Future research
comparing motifs that are repeated frequently with those that are repeated infrequently
could shed some light here.

The Game Experiment (2020) utilizing only instrumental versions of the same songs
and testing the effect of the order, i.e., whether the randomization of songs to be recreated
in tasks with normative and non-normative phrasing impacts the results of recreating the
songs, produced no statistically significant differences. As in the 2018 Game Experiment,
all participants had difficulty recreating songs with non-normative phrasing, proving that
neither the teaching method (listening to sung or instrumental versions) nor the order of
songs in both versions (normative and non-normative) affects the success of recreating the
songs.

The Breathing Experiment (2018) revealed that the absence of meaningful lyrics pushes
linguistic components into the background and that the music and its phrases and phrase
cues become the dominant focus, since phrase cues in the lyrics cannot be used. Involving
children of varying ages in two distinct experiments yielded fruitful results, revealing pos-
sible causes for the observed over-segmentation, particularly among the youngest. Future
research could investigate why the Breathing Experiment’s issues (implicit harmony and
sensitivity to contour on phrasing) appear to impair the perception of phrases and phrase
boundaries in the youngest group.

The Breathing Experiment (2020) investigated two additional issues: (i) how the
method of learning affects the perception of phrases; and (ii) whether the random or-
der of songs influences the results of song segmentation. As with the Game Experiment,
there were no statistically significant differences between the 2018 and 2020 Breathing
Experiments.

In the two older groups (middle and adolescent), there were no statistically significant
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differences between participants with and without musical knowledge; however, there were
modest differences in the youngest group. Consequently, The Breathing Experiment could
be conducted on a larger sample of the youngest children, allowing for a more thorough eval-
uation of the differences in phrase perception between children with and without musical
expertise. In addition, it would be intriguing to investigate whether general participation
in choral activities influences the melody phrasing of children of this age.

The perception of phrases and phrase boundaries by the youngest target population
members and across age groups has not been compared to a computer model or automatic
segmentation. By employing a computational model, it may be possible to gain a deeper
understanding of the given data by analyzing specific musical components that have been
shown to be significant in children’s segmentation. A computational model may provide
further answers to some of the study’s unanswered questions, including: Is oversegmenta-
tion connected to the fact that various age groups interpret the same sound pattern (or
song) differently?

According to the study by Berland et al. (2015), age affects hearing, demonstrating a
change from non-logical thinking based on perceptual representations (in 6-year-old chil-
dren) to logical reasoning (in older children) as a result of development, which could be a
plausible explanation for why differences in listening between age groups were observed in
the Breathing Experiment.

Deutsch (2013, p. 183) argues that the auditory system arranges elements in a sound
pattern according to certain qualities (rules), such as frequency, loudness, timing, and
timbre. However, the conditions under which these attributes are used as grouping criteria
remain unknown. Examining the differences in conditions between two older groups of
children (with a similar and adult-like segmentation) and the youngest group may help to
further clarify the concept of over-segmentation. In music perception, a two-way process is
used: grouping elements using various attributes and assigning them values; and synthesis,
in which the values of various attributes are combined, which can also be done incorrectly
(Deutsch et al., 2007). The latter, element synthesis, raises a last critical question: Is the
over-segmentation of the youngest group the result of ‘incorrect’ music synthesis? These
highly intriguing issues will be the focus of a future study.
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Chapter 5

Computational Segmentation of
Melody

If we can give people tools to
understand music better, we will also
provide access to a lot of new music. It
will benefit not only the individual,
but the music itself — and the diversity
of the entire ecosystem of music.

Olivier Lartillot

A musical piece is decomposed (segmented) into its constituent elements in music struc-
ture analysis. Segmentation’s primary function! from a purely musical theoretical stand-
point, is to ascertain how a piece of music is constructed, how its structural elements
interact, and how they are connected (Ahlbéack, 2007).

In a cognitive approach, segmentation is focused on identifying segment boundaries,
which can be difficult given the ambiguous nature of music (Margulis et al., 2017). Even if
two listeners interpret a musical composition similarly, there will always be discrepancies in
their perception of identical structural elements, as it is exceedingly difficult for a performer
to express explicitly how the musical structure is intended to be perceived. Additionally,
musical units themselves can be ambiguous, as they can be transformed by changes in
rhythm, meter, tempo, and instrumentation (Despi¢, 2007).

When computational models are used for segmentation, the tasks vary according to
the domains to which they are applied, for example, music information retrieval, audio
engineering, generative arts, computational musicology, music cognition, and music psy-
chology (Lopez & Volk, 2012). This chapter compares the automatic melody segmentation
performed by the IDyOM model (M. T. Pearce, 2005) with the segmentation of melodies
performed by children of varying ages and musical experts in The Breathing Experiment
conducted in 2018 (more in: 4.3.1) in order to determine which lower and/or higher order
musical features are used at different ages and how they vary depending on the musical
structure.

There are three reasons for this. To begin with, there are currently no studies compar-
ing computational models to segmentation of music in children of various ages and musical
experts. Secondly, preliminary results from a study comparing children’s, adolescent’s, and
musical expert’s segmentation to IDyOM’s automatic segmentation suggest that IDyOM

!Grouping, or segmentation, is distinct from streaming in that it refers to the grouping of sequential
contiguous musical elements: While streaming associates a succession of elements with a common source,
grouping or segmentation divides that sequence into contiguous groups.
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may be capable of replicating human perception of music and its segmentation across ages
(Mihelag et al., 2021). Thus, broader use of a computer model in the segmentation process
would lead to a better understanding of how children of various ages perceive phrases and
phrase boundaries. Thirdly, the objective is to compare the human segmentation pro-
cess to several computational music representations in order to identify the most effective
computational models for the segmentation task.

The following summarizes the chapter’s organization. Section 5.1 discusses psycho-
logical, musical-theoretical, and computational methods to music segmentation. Section
5.2 presents the computational model IDyOM and the peak-picking algorithm used for
segmentation. The methodology, results and discussion are presented in section 5.3. The
concluding remarks and future work are summarized in section 5.4.

5.1 Scientific Background and Related Work

Segmentation studies suggest that listeners to music divide and group music unconsciously
into separate parts (chunks: Gobet et al., 2001). This grouping of musical structure seem
to be done in a more or less similar way (Koelsch et al., 2013; Lerdahl & Jackendoff, 1983b;
Nan et al., 2006), regardless of musical background knowledge (Deliege, 1987; Hartmann et
al., 2016). Findings from different studies outline that the grouping of the musical content
occurs hierarchically, from the lowest level (e.g., notes, chords, motifs) to the highest
level (e.g., musical section), mostly somewhere in between these levels, in parts defined as
phrases (Chiappe & Schmuckler, 1997; Deutsch, 2013; Kragness & Trainor, 2017).

The review of musicological-theoretical, musicological-psychological, and computational
literature reveals that the term “phrase” is frequently defined as a musical unit with certain
structural (general) and special characteristics, typically with a strong (definable) begin-
ning and an (expected) end, which may or may not have distinct (identifiable) “strengths”.
According to these “strengths,” the beginnings, or the ends of a phrase, as well as the ex-
pectations of the phrase ends, are perceived as (more or less) “strong” or “weak”. A strong,
definable beginning to a phrase may result in a weak phrase ending (and vice versa), or
a weak ending to a phrase may result in the necessity of continuation, which does not
mean the phrase is not perceived. If the components of a phrase result in a number of
weaker closes (endings), the requirement for a strong closure may prompt the creation of
one (Spiro, 2007).

Musical features play a significant role in the perception of phrases, according to studies
(e.g., Deliege, 1987; Palmer & Krumhansl, 1987; Schaefer et al., 2004; Sloboda & Gregory,
1980; Temperley, 2001). Several of these musical features are thought to contribute, in some
extent, to the establishment of boundaries, to the points at which one phrase finishes and
another begins. Gaps (a large pitch interval), rests, long notes, changes in timbre, dynam-
ics, note repetitions, articulation (the manner in which a single note is sounded /performed),
and the contour of the melodic line are just a few of the most frequently detected phrase
cues. These features can be employed alone (interdependent) or in combination (totally
interwoven) in the segmentation of music (Neumann & Stevens, 1993, p. 259).

According to Bamberger (1982), there are two distinct ways of processing music: the
‘know-how’ approach, which is characterized by an intuitive figural approach and is dom-
inant in pre-operational thinking (e.g., in preschool young children), and the ‘know-that’
approach, which is characterized by conceptual thinking and prior experience (e.g., in mid-
dle childhood), in which a (musical) principle or concept is abstracted and transferred to a
new musical experience. Bamberger’s findings are consistent with those of Christ (1983),
who discovered that the cognitive ability to apply many musical features and dimensions
simultaneously in the perception of music is more likely to arise throughout children’s
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operational stage.

It was demonstrated in the study by Iversen et al. (2008) that perceived auditory
grouping is connected with experience (which is associated with age). By the age of 4-5
years, children can detect simple pitch (tonal) or rhythm patterns (C. Stevens & Gallagher,
2004), however these two fundamental dimensions develop gradually in children with age
and experience (Cox, 1970; Drake, 1993; Petzold, 1966). Similar findings were reported in
the study by Lamont (1998), indicating that children’s sensitivity to higher-order musical
features (e.g., interval content) increases with age, as opposed to lower-order (surface)
features (e.g., contour). The abilities to process music units develop with age, beginning
with very brief melodic or rhythmic units (Cohrdes et al., 2014), as does the cognitive
processing of musical elements, progressing from basic to combined (Cohrdes et al., 2016;
Trehub & Hannon, 2006).

There are currently no studies addressing how and which musical features are employed
independently or in combination in the segmentation of music across ages in children using
a computational approach. After the development of powerful and improved algorithms
for automatic segmentation, human segmentation of music has been compared to several
computational models (e.g., de Nooijer et al., 2008; Melucci & Orio, 2002; M. T. Pearce
& Wiggins, 2006a; Potter et al., 2007; Thom et al., 2002); however, only the study from
Cambouropoulos (2006) compared children to automatic computational segmentation. The
computational model was validated (among other) against the empirical data obtained in
Koniari et al.’s 2001 segmentation experiment. 41 children listened to the rondo from Anton
Diabelli’s Sonatina No. 2 in C Major and highlighted the boundaries with the space bar
on a keyboard. This data was compared to Cambouropoulos’ computational model using
the same musical sample (rondo from the Diabelli Sonatina). The computational model
identified 14 peaks that corresponded to the children’s segmentations.

In a recent (preliminary) study using the computational model IDyOM, it was discov-
ered that lower and higher-order musical features are utilized differently across the ages,
and that these differences may be captured by the computational simulation of human
perception (Mihela¢ et al., 2021).

5.2 Peak Picking Algorithm and IDyOM

Peak picking refers to the detection of signal peaks. The fundamental concept is to locate
local maxima in any digitized signal and to use statistical approaches to eliminate false
peaks. Methods for audio analysis and synthesis based on sinusoidal modeling commonly
employ peak picking techniques.

In IDyOM, the melody is segmented using a peak picking algorithm that uses the
boundary strength profile to determine the locations of boundaries.

the parameter k is allowed to vary depending on the nature of the boundary strength
profile.

This assumes that segmentation boundaries (the peaks) are to be found in places where
information-theoretic measure (information content) has a higher numerical value than
in the preceding or following locations, keeping those, which are k times the standard
deviation greater than the mean boundary strength (.S,,), linearly weighted (w), from the
beginning of the melody to the preceding event. The parameter k& may vary based on
the characteristics of the boundary strength profile. (M. T. Pearce, Miillensiefen, et al.,
2010b):
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n—1l¢, o _ & 2 n—1_. ¢
\/Zzl (szz Sw,l...n—l) + Zzzl w;S; (51)

Z?:_ll Wi Z?:_ll Wi



56 Chapter 5. Computational Segmentation of Melody

As illustrated in Figure 5.1, the information content and entropy decrease in event el4, at
the conclusion of a phrase from event e8-el14, whereas they increase in event el5, at the
start of a new phrase. Thus, a significant rise in the information content and entropy at
a local level (a ‘peak’) indicates the start of a new segment. Following the conclusion of
this new phrase (from event el5 to event €29), both the information content and entropy
of the last event €29 decrease.
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Number of events in song 2
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Figure 5.1: Information content and entropy in Song 2. Depicted are the information content and
entropy values at the end of a phrase in €7, el4, and €29, and the beginning of new phrases in e8
and elb

5.3 Comparison of Human and Computational Segmentation

Hypotheses

As a broader musical listening experience is accomplished with the increase of age, it is
expected that the listening experience will affect the way how the monophonic musical
structure is segmented, and that in this segmentation mostly higher order and complex
(combined higher and lower) musical features are used. It is also expected that partici-
pants with broader musical listening experience and musical knowledge will utilize higher
and complex musical features than participants without musical knowledge and a limited
musical listening experience.

Two hypotheses are tested: (i) that as age increases, higher musical features are em-
ployed for segmentation, and (ii) that participants with musical knowledge segment music
using more complex and higher musical features.

Methodology

Stimuli

The normative phrasings of the same three songs (see Figure 4.1 in Chapter 4) were used
to compare human and computational segmentation, and Corpus I (see Subsection 2.1),
comprising of 155 children’s folk songs and children’s songs from Slovenia was used for
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training the IDyOM computational model. All the songs, notated in Sibelius, were en-
coded into MIDI (256 PPQN) with piano timbre, at the same speed, and without any
changes in loudness or articulation. As it is not possible to embed any explicit information
about phrases in MIDI as it is possible in e.g., **kern files, where phrases can be marked
between curly braces (for detail see Huron, 1997), none of these MIDI files carry any ex-
plicit information about the phrases, which means that IDyOM has neither been optimized
to predict boundaries nor given access to any boundary information.

Participants

The segmentation of three songs by three groups of children and adolescents, five musical
experts were examined (see Table 5.1). Children and adolescents were further divided into
subgroups according to their musical knowledge, with (w) or without (wh).

Table 5.1: Groups and numbers of children, adolescents, and musical experts involved in each song.

Group Age Number of participants
Song 1 Song 2 Song3
EARLY all 4-6 19 25 9
with 13 11 6
without 6 14 3
MIDDLE all 8-12 23 23 23
with 6 6 6
with 17 17 17
ADOLESCENT  all 14-16 51 55 45
with 26 26 22
without 25 29 23
EXPERTS all 31-44 5 5 5
Procedure

The breathing in three chosen songs was collected during The Breathing Experiment con-
ducted in 2018 (more in Subsection 4.3), and normative phrasings from musical experts
were obtained by annotating phrases in the musical score. Using Audacity? and wave-
forms of the children’s and adolescents’ recorded breathing, further analysis of boundary
occurrences was conducted.

Phrasings in selected songs were generated by training the model using the Corpus
I. To determine the model’s generalizability and to avoid overfitting, a cross validation
technique was utilized (Berrar, 2019), as well as a value of k& = 10, which is less biased
than smaller values of k and has less variance than larger values of k (Rodriguez et al.,
2010). When observing the musical structure with viewpoints, the peak-picking algorithm
was utilized to segment it. Viewpoints for modeling the pitch structure are predominant,
as pitch is the most complex dimension in children’s (folk) songs (Mihela¢ et al., 2023),
but tonality and duration were also considered.

Basic viewpoints (cpitch, dur), derived viewpoints (dur_ratio, cpint, cpint_size,
io, contour, cpitch_class, cpintfip, cpintfref, inscale), and other combinations
of the chosen viewpoints were employed. Additionally, 12 viewpoints were used for view-
point selection: cpitch, cpitch_class, tessitura, cpint, cpint_size, cpcint_size,
cpcint, contour, newcontour, cpintfip, cpintfref, inscale.

After preliminary testing 30 models using basic, derived, and linked viewpoints, 14 seg-
mentation models out of 30 were chosen to determine if lower- and/or higher-order musical

Zhttps:/ /www.audacityteam.org/
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features are dominating in music processing and are utilized to segment musical structure
at a specific age. Other 16 segmentation models were excluded either because of their (i) to
high information content,? (ii) because they did not contribute to a better understanding
of the utilization of lower/higher order musical features in the segmentation of musical
structure, or (iii) because they did not provide any information about boundaries.

Due to its position between a preceding note at the end of a phrase and a succeeding
note at the beginning of a phrase, a boundary between phrases could be considered a
“problem for a pair of notes”. As illustrated in Figure 5.2, phrase comes to an end on
the seventh note, at event €7, and a new phrase begins on the eighth note, at event e8.
The waveform illustrates the distinction between these two events in greater detail, with
the long flat line representing breathing at this exact place. As IDyOM functions at the
musical surface level (at the note level), the boundary is defined as the first note of a new
phrase, which is event e8.

el e2 e3 ed e5e6 e7 eB e ellell

Figure 5.2: Boundary.

A binary indicator was used to indicate a boundary (1 = boundary; 0 = no boundary)
for each event in a song, and for each participant separately. As each event (note) in
the melody can be interpreted and assigned a value of 1 or 0, the boundary occurrences in
each melody were independently compared for each participant with the IDyOM boundary
occurrences for each event. Boundaries on the first note of each melody were discarded for
the same reason as in the de Nooijer et al. (2008) study: there is no information about the
context prior to the first event, and including a boundary on the first event would induce
anomalies into the statistical analysis.

To analyze the match between each participant and IDyOM, cosine metric was used
to determine the similarity of two binary vectors. The greater the cosine similarity, the
closer the segmentations match one another. Finally, by averaging the computed cosine
similarities across all of the observed (sub)groups, the mean similarity of each observed
(sub)group of children to IDyOM’s phrasing was calculated.

Results

In the initial comparison of human and computational segmentation, 30 segmentation
models were utilized, and 18 models were found to be useful in the next stage of analy-
sis. Finally, 14 out of 18 models were used for displaying the matching between groups,

3Lower information content of a segmentation model indicates a higher probability of being more similar
to the human segmentation of musical structure.
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subgroups, experts, and IDyOM, as well as for identifying which musical dimensions and
higher /lower order musical features are used across the ages, following a thorough com-
parison of human and computational segmentation and analysis of information content.
Table 5.2 summarizes the information content of each employed model, which is averaged
over the full dataset and for each song separately.

Table 5.2: Information content obtained for each used model, averaged on the entire dataset, and
on each of the chosen songs separately.

viewpoint all songs song 1 song?2 song 3
cpitch 2.339 1.917 2.383 2.229
cpint 2.528 2.107 3.009 2.626
contour 4.003 3.673 4.718 3.582
ioi 1.062 0.576 0.628 0.688
cpintfref 3.216 2.686 3.157 3.306
cpintfip 2.412 1.975 2.436 2.498
cpitch®dur 2.340 1.917 2.383 2.229
cpitch-class®cpintfip 2.370 1.946 2.495 2.472
cpitch®cpint 2.272 1.784 2.561 2.306
cpitch®cpint®@dur 2.211 1.859 2.535 2.225
cpitch®cpint®@contour 2.371 2.029 2.806 2.347
cpitch®cpint@cpintfref 2.205 1.723 2.472 2.222
cpitch®cpint®cpintfref@contour®dur 2.209 1.857 2.566 2.191
viewpoint selection 2.058 1.704 2.155 2.006

The cosine similarity for each group and IDyOM in each song is shown in Table 5.3,
where “0” indicate no cosine similarity between IDyOM and groups, subgroups, and experts.
Figure 5.3 is showing heatmaps from Song 1, Song 2, and Song 3. In Song 1 we can see
an increase in matching across the ages in linked viewpoints, and especially in Song 3,
indicating that multiple psychological representations of pitch (e.g., pitch height, pitch
interval, contour), pitch combined with duration, and higher-order musical features are
used in older groups. Intriguingly, Song 2 does not demonstrate an increase in age-based
matching between groups and IDyOM as Song 1 and Song 3 do when viewpoints are linked.

As an additional example, the matching between all groups and IDyOM utilizing
viewpoint selection is displayed in Figure 5.4. The chosen model created using this pro-
cedure has an average IC of 2.058 bits/symbol and is primarily composed of higher-order
musical features: ((cpint cpint-size) (cpitch-class cpintfip) (cpint cpintfref)
(cpitch cpintfref)). Only the greatest peaks indicate a phrase boundary in the depic-
tion of the IDyOM’s segmentation; consequently, boundaries are located at e6 and e24 in
Song 1, el5 in Song 2, and el6 and €25 in Song 3.
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Table 5.3: Mean cosine similarity between segmentations of IDyOM and subgroup of children and experts.

Viewpoint Song early all early w early wh middle all middle w middle wh adolescent all adolescent w adolescent wh experts
cpitch 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
cpint 1 0.442 0.525 0.422 0.363 0.204 0.440 0.347 0.310 0.371 0.408
contour 1 0.253 0.241 0.279 0.363 0.204 0.440 0.340 0.307 0.371 0.408
ioi 1 0.439 0.417 0.483 0.629 0.353 0.761 0.589 0.532 0.643 0.707
cpintfref 1 0.439 0.387 0.483 0.629 0.354 0.761 0.777 0.537 0.643 0.707
cpintfip 1 0.442 0.521 0.422 0.363 0.204 0.440 0.347 0.310 0.371 0.408
cpitch®dur 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
cpitch-class®cpintfip 1 0.439 0.417 0.483 0.629 0.353 0.761 0.589 0.532 0.643 0.707
cpitch®cpint 1 0.442 0.525 0.422 0.363 0.204 0.440 0.347 0.310 0.371 0.408
cpitch®cpint®@dur 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
cpitch®cpint®contour 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
cpitch®cpint®@cpintfref 1 0.310 0.295 0.342 0.445 0.250 0.538 0.416 0.376 0.455 0.500
cpitch®cpint®cpintfref@contour®@dur 1 0.253 0.241 0.279 0.363 0.204 0.439 0.340 0.307 0.371 0.408
viewpoint selection 1 0.310 0.295 0.342 0.445 0.250 0.538 0.416 0.376 0.455 0.500
cpitch 2 0.643 0.583 0.691 0.799 0.740 0.820 0.772 0.720 0.817 0.707
cpint 2 0.882 0.824 0.927 0.853 0.811 0.869 0.886 0.909 0.862 1.000
contour 2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ioi 2 0.882 0.824 0.927 0.853 0.811 0.869 0.886 0.909 0.862 1.000
cpintfref 2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
cpintfip 2 0.643 0.583 0.691 0.799 0.740 0.820 0.770 0.720 0.817 0.707
cpitch®dur 2 0.478 0.465 0.489 0.565 0.523 0.580 0.546 0.507 0.577 0.500
cpitch-class®cpintfip 2 0.643 0.583 0.691 0.799 0.740 0.820 0.772 0.720 0.817 0.707
cpitch®cpint 2 0.596 0.583 0.620 0.408 0.407 0.408 0.481 0.566 0.403 0.707
cpitch®cpint®@dur 2 0.643 0.583 0.691 0.799 0.740 0.820 0.772 0.720 0.817 0.707
cpitch®cpint@contour 2 0.643 0.583 0.691 0.799 0.740 0.820 0.772 0.720 0.817 0.707
cpitch®cpint®@cpintfref 2 0.643 0.583 0.691 0.799 0.740 0.820 0.772 0.720 0.817 0.707
cpitch®cpint®cpintfref@contour@dur 2 0.643 0.583 0.691 0.799 0.740 0.820 0.772 0.720 0.817 0.707
viewpoint selection 2 0.643 0.583 0.691 0.799 0.740 0.820 0.772 0.720 0.817 0.707
cpitch 3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
cpint 3 0.431 0.464 0.354 0.698 0.707 0.653 0.624 0.633 0.615 0.707
contour 3 0.430 0.454 0.272 0.403 0.408 0.401 0.360 0.366 0.355 0.408
ioi 3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
cpintfref 3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
cpintfip 3 0.273 0.294 0.224 0.442 0.447 0.439 0.395 0.401 0.383 0.447
cpitch®dur 3 0.401 0.455 0.289 0.570 0.577 0.533 0.510 0.517 0.502 0.577
cpitch-class@cpintfip 3 0.431 0.464 0.354 0.698 0.707 0.653 0.624 0.633 0.606 0.707
cpitch®cpint 3 0.352 0.379 0.289 0.570 0.577 0.533 0.509 0.517 0.497 0.577
cpitch®cpint®@dur 3 0.431 0.464 0.354 0.698 0.707 0.653 0.608 0.633 0.610 0.707
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Continuation of Table 5.3

Viewpoint Song early all early w early wh middle _all middle._w middle_wh adolescent_all adolescent_w adolescent wh experts
cpitch®cpint®contour 3 0.347 0.394 0.250 0.494 0.500 0.462 0.441 0.448 0.429 0.500
cpitch®cpint®cpintfref 3 0.610 0.657 0.500 0.987 1.000 0.924 0.882 0.896 0.870 1.000
cpitch®cpint®@cpintfref@contour®dur 3 0.401 0.455 0.289 0.570 0.577 0.533 0.509 0.517 0.502 0.577
viewpoint selection 3 0.431 0.464 0.354 0.698 0.707 0.653 0.624 0.633 0.606 0.707
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Figure 5.4: Matching between all the groups and IDyOM when using viewpoint selection in the segmentation task.
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Discussion

The purpose of comparing the IDyOM computational segmentation of musical structure to
the segmentation of music by children, adolescents, and musical experts was to determine
whether IDyOM depicts age-related differences in segmentation while modeling human
music perception. Corpus I (155 Slovenian children’s (folk) songs) was used to train the
computational model and afterward applied to the three songs, for the same reason that
they were used in the Game and Breathing Experiments (see Chapter 4): their distinct
structure, as two of them (Song 1 and Song 3) lack specific segmentation indications, while
the third (Song 2) has an extremely clear melodic structure and unambiguous segmentation
clues.

In order to simulate human segmentation of musical content, IDyOM was used to
generate 30 models with separate and linked viewpoints, tested in the initial stage, however,
18 models were shown to be useful in the human and computational comparison. The final
decision was to use only 14 models out of 18. The excluded four models had either too
high information content or did not contribute to a better understanding of how lower- and
higher-order musical features are used in the segmentation of music in various age groups.

During the segmentation task, differences in the efficacy, processing, and usage of lower-
and higher-order musical features were detected (e.g., cpintfref), as represented by the
similarity (matching) between human and automatic segmentation. The fact that increased
matching was found between IDyOM and older groups when using linked viewpoints (Table
5.3), indicates (i) that older groups are using more multiple representations of pitch and
time in the segmentation task than younger groups (Deutsch, 1982; C. L. Krumhansl,
1990; Levitin & Tirovolas, 2009). This is in accordance with the study by Costa-Giomi
(2003), in which was found that older children have fewer limitations on their memories
and more ways to direct their attention to the pertinent cues of the stimuli, which makes
older children better able to process information.

There was considerable matching between all the groups and IDyOM in Song 2 when
cpint was used in all three songs, and moderate matching when contour and higher-
order musical features such as interval (cpint and tonality cpintfref) were used for song
segmentation, even in the youngest group, in the linked viewpoints. The findings indicate
that, regardless of age or experience, the use of musical features in music segmentation is
dependent upon (among other factors) the musical structure, which may or may not give
unambiguous clues for musical content segmentation.

In comparison to Song 2, Songs 1 and 3 include small intervals (see Figure 4.1), only one
rhythmic clue (€23) in bar five of the first song and an eight pause in bar four of the third
song), and, particularly in Song 1, a non-distinctive contour. When the information stored
in the musical content is insufficiently relevant, higher-order musical features are processed
and used in the segmentation task, rather than just a few lower-order musical features,
however not sequentially from lower to higher order (Umemoto, 1990), but separately or
in combination (depending on the musical structure) and are more effective in older age
groups. When viewpoints are linked in various combinations, ranging from two to five,
increasing matching outcomes across the ages are noticeable (see Table 5.3 and Figure
5.4).

In summarizing the findings, comparing human and machine segmentation in this chap-
ter, the first hypothesis that higher-order musical features are used as participants get older
was only partially supported. First, only the results of three songs were examined. Fur-
ther research is needed to identify why and how lower- and higher-order musical features
are used in song segmentation at different ages, as well as a comparison of automatic and
human segmentation utilizing a larger sample size.

Second, it is unclear whether the over-segmentation in the youngest group early (Fig-



5.4. Summary 65

ure 5.4) is related to unfamiliarity with songs, resulting in a difference in the use of
lower /higher-order musical elements in song segmentation, as this data was not available
for study. Adults’ perceptions of familiar melodies, according to Morrongiello et al. (1985),
are based on interval information rather than absolute pitch information, whereas novel
melodies are based on less exact contour information. It is possible that lower- and higher
order musical features are used differently in familiar and unfamiliar songs, resulting in an
over-segmentation in the youngest group.

The second hypothesis that participants with musical knowledge segment music us-
ing more complex and higher musical features was partially supported as well. According
to Bigand (2003), participants without musical knowledge process music using the same
principles as those with musical knowledge. Saari et al. (2018), using six musical fea-
tures representing low-level (timbre) and high-level (rhythm and tonality) aspects of music
perception, demonstrated that musical training had the greatest effect on the processing
of high-level musical features. As all participants without musical knowledge performed
better in Songs 1 and 2, while participants with musical knowledge performed better in
Song 3 (Table 5.3), it is unclear whether musical knowledge or the musical structure itself
influences the use of lower- and higher-order musical features regardless of age.

5.4 Summary

In this chapter, the automatic segmentation from IDyOM was compared to human segmen-
tation across ages. Differences in the perception of musical phrases and phrase boundaries
from the perspective of the use of lower and higher-order musical features in the seg-
mentation of musical content were discovered using IDyOM for the simulation of human
segmentation and using different viewpoints for the observation of the musical structure.
The IDyOM’s capacity to capture the human’s perception of musical segments at different
ages was demonstrated (to some extent) by increased matching from the youngest group
(early) to the oldest (musical experts) in the similarity measurement between human and
computational segmentation.

The findings suggest that each musical feature can play a varied role in phrase iden-
tification when used alone or in combination with other musical features, depending on
a variety of factors such as experience, age, and feature combination in a specific part of
the song. More research is needed to identify what factors influence how certain events
are used in the segmentation of music in different age groups, and why some aspects of
the musical structure are perceived to be more essential than others. The impact of song
familiarity on the perception of phrases and phrase boundaries, independent of age or ex-
perience, is of special interest, as is the analysis of the (potential) impact of song familiarity
on over-segmentation.

As it was discovered in The Breathing Experiment (2018) (Chapter 4), that anacrusis
has an influence on the memory and perception of phrases and phrase boundaries in Song
3, it is intended to pay special attention to all Corpus I songs that contain anacrusis a
future study.

Although oversegmentation was detected in the youngest group early in this song, us-
ing IDyOM and various viewpoints either separately or in combination (the viewpoint
selection being an exception), numerous plausible boundaries were identified that cor-
respond to the segmentation in this group. Given that phrase structure is considered to
be hierarchical, the most confusing segmentation occurs in the smallest units, which can
be subject to not just individual interpretations (Friberg & Battel, 2002), but also to
extremely contradicting perceptual cues present in the musical structure (Spiro, 2007).
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Chapter 6

Computational Detection of
(Ir)regularity in Children’s Folk
Songs

The beauty of irregularity—which in its
true form is actually liberated from
both regularity and irregularity—the
asymmetric principle contains the seed
of the highest form of beauty known to
man.

Soetsu Yanagi

Music may be perceived as “difficult,” “complex,” or even “incomprehensible by the ear.”
Many listeners will reject such music and seek out alternatives, unless they are explicitly
interested in the reasons for a particular musical piece’s perception. Behind each piece
of music is a story about the creation of a musical structure, which encompasses various
musical elements and dimensions, and a musical syntax, which is a more or less formal
description of the rules that define the permissible structure, i.e., how the constituent
parts of a piece may be formed and combined over time (Rohrmeier & Pearce, 2018).

Syntactic features include, but are not limited to, the hierarchical structure generated
through the combination of perceptually discrete linked elements over a range of timescales.
Another syntactic feature is the sequential relationship between musical elements, as the
“syntactic functional-psychological qualities” of certain musical elements are dependent
upon their relationship with others (Bigand et al., 2014, p. 2).

Numerous studies (e.g., Bigand et al., 2014; Bigand & Poulin-Charronat, 2006; Koelsch
& Jentschke, 2008; Mihela¢ et al., 2018; Mihela¢ & Povh, 2020a) emphasize the significance
of musical syntax and its contribution to the concept of structure that is irregular, or
adheres to syntactic rules, as opposed to structure that is irreqular, or nonconforming.
These studies, in general, follow a traditional empirical approach (including listeners in
experiments and music rating). In addition, these studies investigate the relationship
between musical syntax and deviation in a musical structure, which occurs when structure
deviates from syntax, and the listener’s perception of the (ir)regularity of musical structure,
as well as their acceptance, enjoyment, and comprehension of musical works and /or musical
genres.

Taking a more traditional approach can be costly and scientifically demanding, as
it is difficult to eliminate subjectivity in evaluation tasks, both among musical experts
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and among untrained listeners. Additionally, it is difficult to replicate the findings, as
the response to a task might vary significantly between hearings, even when the same
participants are used in the replication (Mihela¢ & Povh, 2020b).

In recent decades, computational approaches to music analysis have enabled a more
objective examination of music (Potter et al., 2007), allowing for the identification of
significant features (such as semiotic structure: G. A. Wiggins, 2010) in a musical structure,
in comparison to human music processing/production. These computational methods are
now capable of simulating the human perception of music to a certain extent, particularly
when based on an underlying cognitive theory.

The fact that computational models can be efficiently used in the simulation of the
human perception of music was the motivation for a recent study by Mihela¢ and Povh
(2020a). Human experts involved in the detection of (ir)regularity in the musical struc-
ture in a previous study (Mihela¢ & Povh, 2020b), and the evaluation of (ir)regularity of
musical excerpts by listeners were replaced by simulating their responses with the com-
putational model, IDyOM (M. T. Pearce, 2005). The artificial model of the perception
of (ir)regularity obtained by Mihela¢ and Povh (2020a) is shown to accord with human
perception of irregularity in the previous study (Mihela¢ & Povh, 2020b), suggesting that
expert-based detection of (ir)regularity in musical structure can usefully be replaced by a
suitable computational model.

In this chapter, a similar approach to the (ir)regularity in musical structure is used,
comparing (ir)regularity in children’s folk songs (Corpus 2.2) with the IDyOM computa-
tional model, by observing the information content and entropy of musical structure with
then viewpoints (IC_cpitch, E_cpitch, IC_cpint, E_cpint, IC_cpintfref,
E_cpintfref, IC_cpitch®dur,E_cpitch®dur,IC_contour, E_contour),! and with the
algorithm IR REG, which classifies melodies according to regularity of the musical struc-
ture. The decision to use this corpus is to show that children’s folk songs, often presumed
to be simple and regular in structure (Herzog, 1947; Ling, 1997; Nettl, 1983; Pond, 1981;
Romet, 1980), can also be complex, and considered as an alone standing genre.

Following is the chapter’s structure: In Section 6.1, research on (ir)regularity is pro-
vided. The horizontal and vertical approaches to monophonic melody, as well as the
algorithm IR REG for the detection of (ir)regular songs, are explained in Section 6.2.
Methodology and findings are detailed in Section 6.3. The most significant findings and
future efforts are outlined in the concluding Section 6.4.

6.1 Scientific Background and Related Work

Regularity exists in both natural and man-made objects, including biology, physics, en-
gineering, architecture, and art, and is crucial to human life. The detection of recurring
structures (patterns)? is important since it determines our ability to recognize and under-
stand the world (Pauly et al., 2008). Thus, identifying patterns that are repeated and
form a regular structure might help in comprehending and analyzing structural irregulari-
ties caused by certain criteria (e.g., unexpected use of chords in the harmonic progression
and its impact on listener enjoyment of a musical piece). Regularity is a term that refers
to a class of configurations that an observer is capable to use or identify when they occur
(Feldman, 1997, p. 3, ):

XrCX (6.1)

where R (regularity) is a logical predicate defined on X, which holds on some subset Xp.

1B’ denotes entropy, and ‘IC’ information content.
2In this thesis, pattern is defined as the succession of event features.
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Music is an art form composed of “humanly organized sounds” (Godt, 2005, p. 84).
Thus, sounds are not randomly distributed, but are organized in a specific order: discrete
units (sounds) into smaller units, and smaller units into larger units, all the way up to
the level of a musical piece, establishing a hierarchical structure that is a cornerstone of
music theory and cognition (Levitin, 2000). A set of permitted and rigid rules, referred
to as musical syntaz, dictates how this structure must be arranged, encompassing a broad
variety of fundamental musical elements (Berezovsky, 2019).

According to studies (e.g., D. Cohen, 2003; D. Cohen & Katz, 2013; Marcus, 2003),
musical syntax varies not only between cultures (in non-Western and Western tonal music
traditions), but also within Western tonal music styles (e.g., the Middle Ages, the Renais-
sance, the period of tonal music from approximately 1600 to 1918, and the Modern period
after 1918), due to the evolution of syntactic rules in music over time. (Klein & Jacobsen,
2014; Meyer, 1989; Vuvan & Hughes, 2019). Changes within these time periods are seen
as compositional choices (see Meyer, 1989, for details), rather than as changes in musical
language.

Numerous empirical studies indicate that musical syntax is cognitively represented
(e.g., J. J. Bharucha & Stoeckig, 1986; Tillmann et al., 2000) and that observable neural
correlates exist (e.g., Janata et al., 2002; Koelsch & Siebel, 2005). Manipulating any of the
fundamental musical elements inside a structure has an effect on the reported feeling of
regularity (Mihela¢ & Povh, 2020a; Mihela¢ & Povh, 2020b; Pole, 2014; Rohrmeier, 2011;
Rohrmeier & Pearce, 2018), and its identification (Bruner et al., 1959). Patel (2003b)
claims that when the order of elements (parts) is altered, a piece of music loses its iden-
tity, which corresponds to how sequential information and structure are processed in non-
musical domains (Garner, 1974).

When a piece of music has a strong structure, with recurring dominant musical elements
(patterns), and strong relationships between these patterns, it is deemed to be regular (from
the perspective of musical syntax and/or listener perception) (Manjunath et al., 2000). On
the other hand, an irreqular piece has a non-structured or weakly structured texture, with
a small number of recognizable patterns and weak interrelationships (Kramer, 1988). Klein
and Jacobsen (2014) point out that for each compositional rule in a given tonal style, a
complementary regularity is generated: a structure that appears to be syntactically regular
in one piece may appear to be irregular in another (e.g., frequent endings on dominant
triads in Romanian folk songs, which are perceived as syntactically “regular”’, however as
“irregular” in children’s folk songs from the same country, as these songs end on the tonic
triad).

Several studies have demonstrated that a stronger sense of regularity is perceived when
similar parts are repeated on a periodic basis, either in an “absolute repetition condition”,
where parts are repeated identically, or in a “relative repetition condition,” where parts
are considered conditionally identical (Bader et al., 2017).3 Relative repetition is impor-
tant in the formation of motifs that serve as the structural framework for larger works
(Cambouropoulos et al., 2001; Deliége, 1987). Thus, the predominance of repetition in
music, found in all known human cultures, is unsurprising, as is the fact that listeners
frequently return to familiar musical compositions (Margulis, 2014). Repetition is a fun-
damental characteristic of music, “design feature” of music (Fitch, 2006), and it contributes
considerably to our understanding of music (Schoenberg et al., 1967).

Bruner et al. (1959) point out that perception of recurrent regularities (absolute or rel-
ative repeated parts/patterns) is impacted either by elements that mask the identification
of recurrent regularities (e.g., an input-stimulus, which does not conform the recurrent

3An example is the transposition of a fragment where only the pitch intervals in a part are repeated,
while the entire fragment is shifted in pitch.
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series in a sequence) or by the regularity itself, in the case where it “exceeds the memory
span” of an observer (Bruner et al., 1959, p. 84). To identify recurrent regularity in a
musical structure, a listener must either develop a model to represent the regularity or de-
ploy a previously constructed model. In either scenario, identification success is dependent
upon separating recurrent regularities from interfering structures. The more elements that
interfere with recurring regularities, the more noise is detected in the stimulus, and thus
the more difficult it is to identify recurrent regularities (Bruner et al., 1959).

Perception and identification of recurrent regularities and structural peculiarities in a
musical structure are dependent upon the listener’s internalization of the musical structure
and its syntax. Internalization of music, which can occur implicitly through mere exposure
to music without listening or explicitly through interaction with music (M. T. Pearce &
Wiggins, 2012), is dependent on a number of factors, including the listener’s musical expe-
rience and/or training (Bangert & Altenmiiller, 2003; Lappe et al., 2013). Lu and Vicario
(2014) demonstrates that human infants and adults recognize recurring sound patterns
even when musical sequences are presented passively. Regardless of how internalization
happens, internal models of (permissible) musical structures are generated and applied
whenever new music is heard (Agres, 2019; Deliege, 1987). If the internal models come
into conflict with the (prescribed) rules for the arrangement of the constituent parts of a
musical structure, the structure is perceived as not only irregular, but also as more complex
and less enjoyable (Mihela¢ & Povh, 2020b; Sauvé & Pearce, 2019), because more effort
has to be put into the listening process in order to fully understand the novel structures.

Musical genres differ in terms of recurrent regularities in musical structure and musi-
cal elements that are emphasized in an absolute or relative repetition condition, thereby
contributing more or less to the regularity. Some musical genres (for example, modernist
and expressly avant-garde approaches) avoid repeating (Margulis, 2014),and any sense of
surface regularity is purposefully missing. Regular structure is achieved in several other
genres, for example, minimalist music, by accentuating the rhythm and employing re-
curring rhythmic patterns (Johnson, 1994). Children’s (folk) songs are another example
of music with recurring regularities in its structure, utilising both absolute and relative
repetition requirements (Jozef-Beg & Mihela¢, 2019).

Several approaches have been used to measure (ir)regularity in musical structure, in-
cluding subjective evaluation by listeners (e.g., Deutsch, 1980; Mihela¢ et al., 2018; Mi-
hela¢ & Povh, 2020b; Tillmann & Bigand, 1996), measurement of neural response (mis-
match negativity, MMN) and functional magnetic resonance imaging (fMRI) (e.g., Grahn
& Rowe, 2012; Ulanovsky et al., 2003; Yu et al., 2015), or simulation of human perception
of (ir)regularity using a computational system (e.g., Hansen & Pearce, 2014; Mihela¢ &
Povh, 2020a).

6.2 Exploring Vertical and Horizontal (Ir)regularity in Mu-
sical Structure

Music is multidimensional, and its dimensions are never found in isolation; rather, they are
continually interacting (more or less) with one another (Prince, Thompson, et al., 2009).
These dimensions are perceived differently depending on how they are presented in the
musical structure, which can be either vertical, when the relationships between notes are
presented simultaneously (for example, harmony) or horizontal (for example, melody), in
which notes are presented sequentially. Pitch is unique in that it can be displayed vertically
(as chord) or horizontally as a sequence of notes (Loui, 2012).

However, when both vertical and horizontal dimensions of music are used within a
musical piece (encompassing all issues of what exactly should be considered vertical or
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horizontal), it forms a unit in which the musical content is stored (Busch & Graubart,
1986). Both of these dimensions are an extension of one another, with vertical being an
extension of horizontal and vice versa (Williams, 2005). In spite of simply being given one
dimension (such as melody), listeners frequently infer structures from another dimension
(such as harmony) (Butler & Brown, 1994; Lerdahl & Jackendoff, 1983a; Platt & Racine,
1994), which (partially) explains why it is not always sufficient to capture only one musical
dimension when seeking to understand what causes listeners’ perception of (ir)regularity
to be higher or lower.

In a study that examined the impact of the complexity of harmony on the accept-
ability of music (Mihela¢ & Povh, 2020b), thus simply the vertical dimension, 53 out of
160 musical excerpts were found to have a more complicated and irregular musical struc-
ture, even when the harmony was not complex. In addition to the vertical dimension, the
horizontal dimension (melody) was also examined to identify what precisely contributes
to the feeling of irregularity in the same 53 musical excerpts (Mihela¢ & Povh, 2020a).
Melodies were extracted from all 160 musical excerpts in order to obtain pure monophonic
musical excerpts, i.e., only the very first upper lines in each melody were used.* Using
IDyOM to simulate the listener’s perception of music and eight viewpoints ® to examine
the entropy and information content of the musical structure, significantly different distri-
butions of pitch and implied harmony, examined with the viewpoints IC_cpintfref and
E_cpintfref were discovered on the sets of regular and irregular musical excerpts.

According to Sloboda and Parker (1985), each tone in a single melodic line can imply
a harmony as a mental model of the underlying structure, a conclusion that has been
replicated in additional research by Holleran et al. (1995), Platt and Racine (1994), and
Thompson and Cuddy (1989). When melody and harmony are combined in a musical ex-
ample (vertical and horizontal dimensions), a harmonic frame, which can have two dimen-
sions, is established: a global dimension (key and mode) and a local dimension defined as a
region within the key that is assigned to a harmony and defined as a function (e.g., tonic,
subdominant, dominant, etc.) (Povel & Jansen, 2002). As per Povel and Jansen (2002), a
listener establishes global and then local aspects, although the mechanisms underlying the
development of these two aspects, which are generally conceptualized as hierarchical are
not well understood (J. J. Bharucha, 1987; Tillmann et al., 2000).

Applying the concepts of “global” and “local” establishment of the harmonic frame from
Povel and Jansen (2002) to the data used in the study in 2020 (Mihela¢ & Povh, 2020a), it
was found that while listening to a particular monophonic musical excerpt, listeners first
generate a key and mode, after which implied harmonies are “created” for each note. In
some cases, these implied harmonies do not “fit” within the existing harmonic framework,
which is (re)created when the same melody is combined with its official underlying harmony.

Therefore, when “horizontal” (melody) and “vertical” (harmony) musical content are
presented together, a “fusion” of different tones occurs (Huron, 2001; Parncutt, 1989)
to generate different harmonies. These harmonies can be emphasized depending on the
information value either in melody or harmony, which could explain the perception of
higher complexity in musical excerpts with a simple harmonic progression (e.g., tonic -
dominant - tonic), as the focus is placed on the melody and its harmonies. This agrees
with previous findings reported by Melara and Algom (2003) and Prince, Schmuckler, et al.
(2009).

Significant differences in pitch perception between regular and irregular musical ex-

4This was done because some melodies within this dataset were composed in a polyphonic or chordal
manner.

5IC_cpitch, IC_cpint, IC_cpintfref, IC_cpitch®dur, E_cpitch, E_cpint, E_cpintfref, and
E_cpitch®dur.
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cerpts in Mihela¢ and Povh (2020a) were explained by the higher degree of pitch diversity
and higher proportion of non-chordal tones in 53 irregular musical excerpts. Specifically,
non-chordal tones appear to affect listener’s enjoyment of music, as well as the expecta-
tion for forthcoming events, according to findings in Mihela¢ et al. (2018) and Mihela¢
and Povh (2020b). The successful harmonic analysis of a musical piece by a listener is
clearly dependent on how successfully the non-chordal tones are resolved and assigned to a
harmony and how the tones distributed in a melody are perceived as an implied harmony,
which agree with findings from a previous study (Povel & Jansen, 2002).

To summarize, the perception of a musical dimension alone can differ from the per-
ception of the same musical dimension in conjunction with another dimension (Prince,
Thompson, et al., 2009). In the latter case, seemingly minor changes to the structure
of one dimension (such as melody) may affect how the structure of another dimension is
perceived (e.g., harmony). Depending on stimulus and task characteristics, the relevance
of a certain musical dimension can be magnified, and a dimension with a higher informa-
tive value is more likely to dominate other dimensions, corresponding with the findings of
Mihela¢ and Povh (2020a).

Exploring Vertical and Horizontal (Ir)regularity in Children’s Folk Songs
Algorithm IR REG

To examine the horizontal and vertical (ir)regularity in children’s folk songs, the algorithm
IR REG was used. Algorithm IR REG takes as an input dataset D (Corpus II), a subset
Dof D, and a set V of viewpoints that we want to analyze. Firstly, IR REG computes by
IDyOM information content and entropy for all viewpoints from V, for all songs from D,
using the entire dataset D, to train the long-term model. Next, IR REG calculates for
each viewpoint the maximum values across the dataset (ﬁ) Finally, for each song from the
subset D the algorithm counts the number of viewpoints above the 75 % of the maximum
value of the viewpoint (upper threshold) or below the 25 % of the maximum value of the
viewpoint (lower threshold). The IR _REG algorithm is actually defined for general set of
information content and entropy viewpoints V', but in this chapter, it was applied with
V' consisting of the chosen ten viewpoints. If a given song has at least 5 values (entropy
or information content) above the upper threshold it is classified as irregular. Otherwise,
if it has at least 5 values below the lower threshold, it is classified as reqular. If neither
of these cases happens, it is labelled as unclassified. The number 5 in the algorithm was
determined empirically. IR REG is specified in Algorithm 6.1.

Exploring Vertical and Horizontal (Ir)regularity in Three Children’s Folk Songs
with Entropy and Information Content

Primary dimensions of children’s folk songs are pitch and time, which are represented in
IDyOM by the basic viewpoints cpitch (chromatic pitch), dur (duration) and bioi (basic
inter-onset interval). To investigate horizontal and vertical (ir)regularity in children’s folk
songs, entropy (E) and information content (IC) were measured with the same viewpoints
as in Mihela¢ and Povh (2020a)’s study, as they have been demonstrated to be relevant
to the capture of (ir)regularity. Specifically, the basic viewpoint cpitch, and the derived
viewpoints cpint, and cpintfref to explore the vertical dimension, were employed. Pitch
and duration were used as linked viewpoint cpitch®dur because there is no consensus on
whether pitch and duration are processed separately or simultaneously (more about this
topic in Boltz, 1999; Jones & Boltz, 1989; C. L. Krumhansl, 2000; Volk, 2016). In addition
to these four viewpoints, the derived contour viewpoint was utilized.
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Algorithm 6.1: IR REG

Input: D, D < full and partial dataset of songs, i.e., D C D

Input: V < viewpoint set

Result: Classification of members of set of songs as (IR)REGULAR

/* Import function to compute IDyOM mean values for IC and E for each

song a dataset */
Import IDyOM(Measure,Song, Viewpoint, Dataset),
/* Step 1: Find maxima for mean IC and mean E across D x/
for v e V do /* ...for each viewpoint */
max, p jo < maxgep IDyOM(IC, s,v, D)) ; /* Find max mean IC */
max, p p < maxgcp IDyOM(E, s, v, D)) ; /* Find max mean E x/
end
/* Step 2: Classify Songs */
for s € D do /* Consider each song */
nMax = nMin = 0; /* Reset the counters */
for ve V do /* Consider each viewpoint */
if IDyOM(IC, s,v, D) > max, p ;o x0.75 then /* Test max IC */
| nMax++; /* Count if high IC */
end
if IDyOM(IC, s,v, D) < max, p ;o x0.25 then /* Test min IC */
‘ nMin—++; /* Count if low IC */
end
if IDyOM(E, s,v, D) > max, p i X0.75 then /* Test max E x/
‘ nMax++; /* Count if high E */
end
if IDyOM(E, s,v, D) < max, p i x0.25 then /* Test min E */
‘ nMin-+-+; /* Count if low E */
end
end
if nMax > 5 then
| Classify(s,JRREGULAR);
else
if nMin > 5 then
‘ Classify(s,REGULAR);
else
| Classify(s,UNCLASSIFIED);
end
end

end

As an example, three children’s folk songs from Corpus II are presented in the con-
tinuation. They have been classified as ‘“regular”, “irregular”’, and ‘“neutral” by the algo-
rithm IR REG. The information content (unpredictability) and entropy (uncertainty)
are shown by examining the viewpoint cpitch. The viewpoint cpitch was chosen, as it
has shown that pitch significantly contributes to the perception of regular and irregular
musical excerpts (Mihela¢ & Povh, 2020a). For each event, e; (in our case a tone in a
sequence/melody), the information content and entropy is calculated from a probability

distribution. In Figure 6.1, the Turkish children’s folk song, Cumhuriyet Cocuklariyz,
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classified by algorithm IR REG as ‘regular” is presented. It consists of 78 events, in
which motifs, hereafter defined as patterns (p), are denoted by p1, p2, and ps. From the
perspective of pitch span (within a perfect fifth), rhythm, and meter, the song is simple.
Furthermore, the song has a clear and understandable musical syntax, and with a structure
that is strong, consisting of three dominant and often repeated patterns with substantial
relationships, as po always follows p1, and ps follows ps.
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Figure 6.1: An example of a regular, structured melody. The Turkish children’s folk song
Cumhuriyet Cocuklariyiz, consists of three repeated motifs (the motifs are marked with p), which
are repeated throughout the entire song. From the perspective of their frequency of appearance,
these motifs can be considered as “recurrent”, “dominant”, and the melody appears to be “regular”.

In Table 6.1, the information content (IC), and entropy (E), obtained for the viewpoint
cpitch, and assigned to each event in pattern p; is shown. The pattern p; appears at the
beginning of the song (from e; to e4), and is repeated four times, in eg5 28, €35-38, €59-62,
and egg_72. The order of the events (from e; to e4) is always the same, which means, that
each repeated version of pattern p; starts with the same note presented as event ey, and
afterwards as egs, €35, €59, and egg in the repeated patterns.

Tables 6.2 and 6.3 present the IC and E values for the viewpoint cpitch, for pattern
p2 and p3 respectively. As in pattern p;, the events in these two patterns always appear
in the same order in the repeated versions. A tendency to decrease is visible in the IC of
the events in all three patterns, from their first to their last (repeated) appearance.

The second song, Schneegloggli, which is from Switzerland (see Figure 6.2) consists of
50 events and 11 patterns, again labeled as p;. IR REG classifies this song as “irregular”. It
has a weak structure, without any dominant or repeated patterns, and it has large intervals
(e.g., event ess 36) and no special relations between the patterns. The information content
(IC) and entropy (E) obtained for the viewpoint cpitch are presented for each event in this
song (in the musical score, in the boxed text IC and E). We can see clearly very high IC
values in each of the 11 patterns, giving the impression of highly unexpected and complex
musical content.

The third song, Doidas andam as galinhas, from Portugal, has been classified by
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Table 6.1: Information content (IC) and entropy (E) obtained for the viewpoint cpitch, defined
for each event (from the distribution at that point in the sequence), for the pattern p; in the
Turkish song Cumhuriyet Cocuklariyiz. The IC values in the first and second appearance of this
pattern are more or less similar, but then decrease in the third, fourth, and fifth appearance.

Event 1st (IC/E) Event 2nd (IC/E) Event 3rd (IC/E) Event 4th (IC/E) Event b5th (IC/E)

er 3.62/3.87  ess  3.96/256  ess  2.90/250  eso  1.24/2.38  eso  1.05/2.20
e 1.91/3.60 ez 244/276  ess  2.88/1.80 e 1.05/2.29  erng  1.04/2.20
es  299/3.37 ey  1.66/2.62  esr  2.05/242  eq  1.41/229  en  1.43/2.30
es  056/1.62 ey 0.51/1.66  ess  0.44/1.52  egz  0.37/1.38  era  0.33/1.27

Table 6.2: Information content (IC) and entropy (E) obtained for the viewpoint cpitch, assigned
to each event in the pattern py in the Turkish song Cumhuriyet Cocuklariyrz. The IC values and
entropy values in this pattern decrease after its first appearance in each further repetition.

Event 1st (IC/E) Event 2nd (IC/E) Event 3rd (IC/E) Event 4th (IC/E) Event 5th (IC/E)

es 1.42/2.13 €29 1.20/2.09 €39 0.63/1.62 €63 0.62/1.65 er3 0.45/1.37
€6 6.89/1.51  eso  2.03/2.44  eq  1.85/2.05  ess  0.69/1.82  ers  0.57/1.68
er 2.35/3.02 e31 1.74/2.47 e41 0.97/2.12 €65 0.73/1.87 ers 0.59/1.68
es 2.16/2.79  esn 1.09/2.35  ess  0.74/1.96  egs  0.59/1.74  ers  0.49/1.57
eg 1.81/2.14 es3 0.98/2.07 €43 0.68/1.78 ee7 0.54/1.58 err 0.45/1.42
€10 6.16/2.45 €34 1.67/2.54 €44 0.89/2.10 €68 0.66/1.83 ers 0.53/1.63

Table 6.3: Information content (IC) and entropy (E) assigned to each event obtained for the
viewpoint cpitch, in the pattern ps in the Turkish song Cumhuriyet Cocuklariyiz. The IC values
in this pattern (exception is the second repetition compared to the first appearance) decreases, as
in pattern ps, with each new repetition.

Event 1st (IC/E) Event 2nd (IC/E) Event 3rd (IC/E) Event 4th (IC/E)
€11 413/294 €18 478/254 €45 203/241 €52 156/246
e1a 1.65/2.67 ey 1.81/2.72  eyq 1.03/2.19  es3 0.92/2.17
e1s 1.51/2.33  eq 1.28/2.45  eyr 0.58/1.69  ess 0.43/1.45
€14 2.16/1.97 €21 1.46/2.34 €48 0.84/1.98 es5 0.60/1.75
e1s 1.63/2.04  en 1.37/2.04  eu 0.80/1.82  esg 0.63/1.70
€16 374/206 €23 228/239 €50 089/206 €57 064/179
err 2.53/2.54  eay 1.53/2.52  e5 0.88/2.08  ess 0.67/1.83

IR_REG as “unclassified”. It consists of 48 events with three distinct patterns (p1, pe,
p3), and three relative repeated patterns, of which the pattern ¢; is a relative repetition
of pattern pi, to a relative repetition of pattern po, and pattern t3, a relative repetition of
pattern p3. As can be seen in Figures 6.3 and 6.6, the information content of the patterns
t1,ts, and t3 suggests that the content of these patterns is perceived as unexpected, even
though they are a (relative) repetition of the three main patterns.

Table 6.4 presents the mean values for information content and entropy (the mean
value of all the events in a particular song), for each viewpoint (ten variables) and song
separately. The mean values of IC and E are taken as a measure of (ir)regularity: songs
with a high IC and E, are classified as more irregular than those with low values.
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Figure 6.2: An example of a structure with weak relationships between the patterns (motifs).
This Swiss children’s folk song Schneegldggli has even 11 motifs, and none of them is dominant or
repeated, therefore giving the impression of an irregular, non-structured melody.

Table 6.4: Average values for information content and entropy, for each viewpoint (ten variables
in total) used in the observation of the three presented songs.

Viewpoint Cumbhuriyet Cocuklariyiz Doidas andam as galinhas Schneegloggli
(regular) (unclassified) (irregular)
IC_cpitch 1.36 2.46 4.40
E_cpitch 1.99 2.49 3.37
IC _cpint 1.70 2.12 3.73
E_cpint 2.12 2.41 3.03
IC _cpintfref 2.05 3.15 3.83
E_ cpintfref 2.61 3.18 3.68
IC _cpitch®@dur 1.46 2.81 4.80
E_cpitch®@dur 1.78 241 3.24
IC _contour 4.15 4.02 4.96
E _contour 3.68 3.72 3.90
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Figure 6.3: An example with relative repeated patterns in the Portuguese children’s folk song

Doidas andam as galinhas.

4,00
3,00

2,00

Information content (IC) and entropy (E) in bits/symbol

MEAR DDA DDA D PR NP PTG DDA

events (e)

IC_cpitch

- E_cpitch

Figure 6.4: Information content (IC) and entropy (E) for the viewpoint cpitch in the Turkish
children’s folk song Cumhuriyet Cocuklariyiz. Both values decrease through this song.The peaks

in the graph (event €6, €10, €18, and €25), are indicating low-probable notes.
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Figure 6.5: Information content (IC) and entropy (E) obtained for the viewpoint cpitch in the
Swiss children’s song Schneegloggli. The entropy values (E) are slightly decreasing. The values
for the information content remain very high, showing that the events in this song are highly
unexpected.
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Figure 6.6: Information content (IC) and entropy (E) obtained for the viewpoint cpitch in the
Portugal children’s song Doidas andam as galinhas.
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6.3 The (Ir)regularity in Children’s Folk Songs

Hypotheses

This chapter tests two hypotheses:

(i) that the frequency of repeating patterns correlates with the irregularity of musical
structure in children’s folk songs, and

(ii) that repeated patterns contribute to regularity when presented at the same pitch.

Methodology
Stimuli

The Corpus II (see Subsection 2.2) consisting of monophonic 736 children’s folk songs from
22 European countries was used to simulate and identify (ir)regularities in the musical
structure.

Procedure

IDyOM and ten viewpoints (IC_cpitch, E_cpitch, IC_cpint, E_cpint, IC_cpintfref,
E_cpintfref, IC_cpitch®dur, E_cpitch®dur, IC_contour, E_contour) were utilized

to simulate the (ir)regularity in Corpus II. In addition, the algorithm IR REG was used

to examine the horizontal and vertical (ir)regularity in children’s folk songs.

Results

To examine the (ir)regularity of the musical structure of children’s folk songs, the full data
set (736 children’s folk songs from Corpus II) was analyzed by assessing the information
content and entropy with the algorithm IR _REG on the set of viewpoints V. IDyOM cal-
culated the mean values of IC_cpitch, E_cpitch, IC_cpint, E_cpint, IC_cpintfref,
E_cpintfref, IC_cpitch®dur, E_cpitch®dur, IC_contour, and E_contour for each
song from D. Next, the songs were classified as regular, irregular, or unclassified based on
the global threshold values (i.e., the values computed across D), and the numbers of songs
classified as regular, irregular, or unclassified for each country were counted. These results
are reported in Tables 6.5 and 6.6, and visualized in Figure 6.7.

Regarding the relative frequencies, the most irregular in the structure are the songs
from Norway, since 17 out of 23 (74 %) are classified as irregular. The most regular songs
are the songs from Serbia, where 11 songs out of 13 (85 %) were labelled as regular. Other
countries with no regular songs in our dataset are Switzerland and United Kingdom, while
the countries with no irregular songs are Croatia, Hungary, Portugal, Romania, and Turkey.

Principal component analysis (PCA) was also performed using the same variables.
Figure 6.8 shows irregular, regular and unclassified children’s folk songs, projected to the
2-dimensional subspace spanned by the first two principal components, of which the first
explains 54,7 % variance, and the second explains 18.4 % of total variance. We can actually
observe that these three groups could be well separated also using only the first principal
component. Table 6.7 contains data about importance of the principal components. We
can see that we need five principal components to explain 94 % of variability (conventional
goal in PCA is 95 %), which reveals that the data has five important dimensions.

Using the same algorithm on data sets of songs from each country, the information
content and entropy were also used to examine the (ir)regularity of the musical structure in
data from each country separately. Thus, the algorithm IR REG was performed separately
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Table 6.5: Number of irregular, regular, and unclassified children’s folk songs found in 736 songs.

Country Irregular  Regular  Unclassified | Country Irregular  Regular  Unclassified
Bulgaria 2 3 13 Croatia 0 12 4
Denmark 4 2 9 France 16 9 46
Germany 16 28 80 Great Britain 23 0 15
Greece 3 10 13 Hungary 0 12 15
Ttaly 3 6 13 Latvia 2 4 17
Netherlands 6 14 38 Norway 17 0 6
Poland 1 5 16 Portugal 0 8 19
Romania 0 5 13 Russia 4 5 12
Serbia 0 11 2 Slovenia 8 7 29
Spain 16 13 25 Sweden 17 2 10
Switzerland 18 0 5 Turkey 0 16 8

Table 6.6: Upper (75%) and lower (25%) threshold for each viewpoint, and mean values for all 10
viewpoints, separately for regular, irregular, and unclassified children’s folk songs, computed over
the entire dataset of 736 songs.

Irregular Regular Unclassified Treshold Treshold
Viewpoint (mean) (mean) (mean) (25%) (75%)
IC_cpitch 3.06 1.84 2.37 2.00 2.72
E_cpitch 2.79 241 2.61 2.45 2.75
IC_cpint 3.07 1.97 2.49 2.13 2.82
E_cpint 2.66 2.41 2.57 2.40 2.71
IC_cpintfref 3.45 2.61 3.04 2.71 3.73
E_cpintfref 3.39 3.15 3.30 3.05 3.57
IC_cpitch®dur 3.17 1.77 2.41 1.93 2.87
E_cpitch®dur 2.71 2.18 2.43 2.21 2.63
IC_contour 4.23 3.63 3.86 3.51 4.27
E_contour 3.60 3.48 3.50 3.32 3.73

for each country with the inputs D - for the entire dataset and D - for the dataset of songs
from a specific country. More exactly, taken were the values of viewpoints computed over
the entire data set D, but the threshold values were computed using only the viewpoints
from the songs of a specific country D. These threshold values served as the basis for
categorizing songs from D. This resulted in a new classification, which is displayed in
Table 6.8. Using this method, 158 irregular and 173 regular children’s folk songs were
identified out of a total of 736.

Using the musical score, two additional and independent musical experts examined
patterns (motifs) in 331 children’s folk songs. Each pattern (p), absolute or relative (¢),
was annotated in the musical score first. Second, based on the frequency distribution of
pattern occurrences in each song, the entropy of unigrams for each song was calculated
(More details about computing the unigrams in: Mihela¢ & Povh, 2020b).

Table 6.7: Results of Principal component analysis (PCA) of viewpoints computed over the com-
plete dataset of 736 songs.

component PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PCI10
Standard deviation 2.457 1.324  0.938 0.757 0.567 0.364 0.334 0.295 0.267 0.189
Proportion of Variance | 0.604 0.175 0.088 0.05724 0.032 0.013 0.011 0.009 0.007 0.004
Cumulative Proportion | 0.604 0.779  0.867 0.924 0.956 0.969 0.981 0.989 0.996 1.000
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Figure 6.7: The percentage of irregular, regular, and unclassified children’s folk songs in each
country. Total number of children’s folk songs is 736.
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Figure 6.8: Visualization of irregular, regular, and unclassified children’s folk songs with the first
two principal components.

The Welch two-samples t-test was used to compare the difference in mean values of
unigrams between the regular and irregular children’s folk songs. The difference is statis-
tically significant, (p < .001), i.e., the mean value of unigram was significantly smaller on
the set of on regular children’s folk songs, mainly because the repeated patterns at pitch p
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Table 6.8: Number of irregular, regular, and unclassified children’s folk songs found in 736 songs,
examined in each country separately.

Country Irregular Regular Unclassified Country Irregular Regular Unclassified
Bulgaria 5 3 10 Croatia 4 4 8
Denmark 3 4 8 France 15 16 40
Germany 29 27 68 Great Britain 7 10 21
Greece 5 8 13 Hungary 6 5 16
Italy 6 7 9 Latvia 3 4 16
Netherlands 12 16 30 Norway 5 4 14
Poland 3 5 14 Portugal 3 7 17
Romania 4 5 9 Russia 3 6 12
Serbia 3 3 7 Slovenia 11 10 23
Spain 11 11 32 Sweden 7 8 14
Switzerland 7 5 11 Turkey 6 5 13

were more recurrent in regular children’s folk songs compared to irregular.

A chi-square test of independence was performed to examine the relation between
relative repeated patterns t and the (ir)regularity in musical structure. Moreover, only the
classified songs (regular and irregular) were considered, and a new binary variable with the
value 1 was introduced if the song featured transposed repeated patterns and 0 otherwise.
There was a significant relation between the two variables, X2(1,N=331) = 27.09, p < .001,
indicating that transposed repeated patterns ¢ were more prevalent in irregular children’s
folk songs (80 out of 158) than in regular ones (only in 39 songs out from 173).

Discussion

According to the findings (see Table 6.5), children’s folk songs with high or low irregularity
were not found in all countries. A plausible explanation for a higher or lower presence of
(ir)regular songs in some countries could be that children’s folk songs exist in each of the
22 countries, whose origin can be traced to folk songs. Folk songs are a true amalgam
of different historical, cultural, and musical processes (Golez Kauci¢, 2003), thus carrying
all the specificities of a (musical) culture from a particular country. This means that all
the diversity found in folk songs, passed on to children due to their (suitable) content, is
also present in children’s folk songs, presumably without any simplification of the musical
structure from the perspective of musical dimensions or musical elements. This could
clarify either a very high or low information content and entropy found in children’s folk
songs in some countries.

The hypotheses, (i) that the frequency of repeating patterns correlates with the irreg-
ularity of musical structure in children’s folk songs was confirmed, and (ii) that repeated
patterns contribute to a stronger feeling of regularity if presented at same pitch were par-
tially confirmed. According to the results, repeated patterns contribute to a more regular
musical structure and to a stronger feeling of regularity, if the patterns are repeated at the
same pitch, which is in accordance with the findings from Bader et al. (2017). Relative
repeated patterns can be perceived as different, depending on the context which precedes
or follow it (Margulis, 2014, p. 27-54). Musical structure is perceived as more regular,
if the recurrence of a pattern is not “masked” (More about it in the study from: Bruner
et al., 1959), as it was the case with the relative repeated patterns found in irregular and
regular children’s folk songs.

As children’s folk songs are approximately 8-12 bars long, the conjecture is, that the
perception and identification of relative repeated patterns is somehow affected by the du-
ration of songs. If the children’s folk songs were longer, the relative repeated patterns
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could be easier identified, and contribute more significantly to the regularity of the musical
structure (Cambouropoulos, 2001; Deliége, 1987). Due to the duration of a children’s folk
song, the “mixture” of absolute and relative repeated patterns in a very short time period
is actually interfering with the recurrent regularities, i.e., it is not contributing to a more
regular structure, but rather to more noise, which is in accordance with the findings of
Bruner et al. (1959).

The principal component analysis (PCA) performed on all the variables (IC_cpitch,
E_cpitch, IC_cpint, E_cpint, IC_cpintfref, E_cpintfref, IC_cpitch®dur,
E_cpitch®dur, IC_contour, E_contour), has shown that regular and irregular musical
songs were well separated in the two dimensional space, spanned by the first two princi-
pal components. The salience of pitch in the perception of (ir)regular structure, can be
understood, that each pitch, even when being acoustically identical to another one, can
be perceived as different, depending on the context, as each pitch can differ in its tonal
function, i.e., each pitch can have assigned a unique function in two different tonalities
(C. L. Krumhansl, 1979; Mihela¢ & Povh, 2020a).

Small pitch intervals are prevailing in children’s folk songs, as well as in a considerable
number of folk songs across the world (Huron, 2001; von Hippel, 2000), of which some,
included in the data, were found to exist as children’s folk songs in different countries.
Some of these folk/children’s folk songs in the data were assigned as extremely irregular
and complex (especially the songs from Great Britain, Norway, and Switzerland, according
to the results), not only because of highly unexpected distributions of pitch in the melody,
but also because of the use of large leaps (intervals) between successive notes. Thus, not
only pitch, but also pitch intervals are affecting the regularity of a musical structure, which
was found also in the study of Beauvois (2007).

Differences in rhythm (duration) were found between irregular and regular children’s
folk songs (see Table 6.6). The regularity in metrical structure, is according to different
studies affected by the absence/presence of a regular beat, which groups different rhythms
in time intervals (Bouwer et al., 2018). However, with the exception of some children’s folk
songs found in e.g., Bulgaria, Romania and Turkey, rhythm, based on recurring pulse/meter
was found more or less in the majority of children’s folk songs included in the data. Recur-
rent pulse/meter has obviously contributed to a more regular musical structure, in which
the events are more predictable, which is also in accordance with the findings in the study
of Lappe et al. (2013).

No significant impact on regularity was found using IC_cpintfref and E_cpintfref
in the observation of (implied) harmony (Table 6.6). This result was expected, as basic
harmonic progressions are prevalent in the melodies, either in irregular or regular children’s
folk songs (e.g., progressions I-V-I, I-IV-V-I, I-IV-1, ...). The use of dominant/subdominant
functions and triads at the beginning and end of songs is to be understood more as a rare
exception rather than a rule in children’s folk songs. Furthermore, three basic harmonic
functions (tonic, dominant, subdominant) are predominantly found in children’s folk songs
(Berget, 2017), suggesting that harmony, as a secondary parameter, is in this genre es-
tablished and heavily dependable on the syntactical constraints and rules formed by the
primary parameter pitch (Bauer, 2001; Meyer, 1989).

Contour has not been shown to affect the regularity of the musical structure in children’s
folk songs (Table 6.6). A plausible explanation could be that the information about contour
is present in other viewpoints (for example in cpitch and cpint). Furthermore, in the
majority of children’s folk songs, ascending and descending directions of the melodies (arch-
like structure) have been found. This is probably related to the origins of some children’s
folk songs traced to folk songs with an arch-like melody.

The same tendency of ascending-descending (convex) melodies has been found in a
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computerized analysis from Huron (1996) in 40 % of approximately 10,000 phrases (5-11
notes in length), and also in combined phrases (two phrases together, with a low midpoint,
producing an overall convex shape) in over 6000 European folk songs. Furthermore, contour
has proven to be a powerful identifying factor in melodic recognition, and to contribute
to a better memorization of melodies (Bartlett & Dowling, 1980; Dowling, 1978; Trehub
et al., 1984), which could also explain the prevailing arch-shaped contour in children’s folk
songs, which is more or less predictable and probably contributing to a higher feeling of
regularity.

6.4 Summary

The purpose of this chapter was to demonstrate that irregularity is present in children’s
folk songs (Corpus II), that this genre can be complex, and considered as an alone stand-
ing genre. IDyOM and ten viewpoints were used to simulate the listener’s perception of
(ir)regularity in melodies and to identify patterns that contribute to a higher or lower
(ir)regularity in this genre. Additionally, the algorithm IR REG was utilized to assess the
horizontal and vertical (ir)regularity of children’s folk songs.

In this chapter, two hypotheses were tested: (i) that the frequency of repeating patterns
correlates with the irregularity of musical structure in children’s folk songs, and (ii) that
relative repeated patterns contribute to a stronger sense of regularity if they are given at
the same pitch. The hypotheses were partially confirmed. Repeated patterns were found
more frequent in songs with a regular musical structure, while relative repeated patterns
that did not use the same pitch were found to contribute to a stronger sense of irregularity.

In some countries, the absence of children’s folk songs with (very) high or low irregular-
ity suggests a plausible relationship between folk songs and children’s folk songs, in which
the content of folk songs has been transferred to children’s folk songs without any simpli-
fication (or variation) of the musical structure. Future research with additional examples
of children’s folk songs in each country, and with more musical feature variables in defin-
ing (ir)regular songs could extend the explanations of (ir)regularity. An in-depth analysis
of the origin of children’s folk songs would certainly contribute to the understanding of
(ir)regularities found in the musical structure of this genre, and why irregular structure is
more frequently found in some European countries than in other European countries.

Rhythm, implied harmony, and contour have not shown to affect the regularity of the
musical structure in this genre.
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Chapter 7

Computational Cross-Cultural Study
of (Dis)similarities in Musical
Features and Dimensions Between
and Within 22 European countries

Though music be a universal language,
it is spoken with all sorts of accents.

George Bernard Shaw

Poet Henry Wadsworth Longfellow once said, that “Music is the universal language of
all mankind.” Whether or not music is a universal language depends on how the terms “uni-
versal” and “language” are defined. As a tool for communication, language has meaningful
symbols (words) that, when joined in a more complicated structure (following particular
rules for combining — syntax), facilitate communication. Similarly, music as a specific
“language” has its own symbols (notes) that may be combined into lower-order structures,
(e.g. motifs, phrases, sentences/periods, etc.), and lower-order into higher-order structures
(e.g. two-part, three-part songs. .. ), using musical syntax which can differ in Western and
Eastern music tradition. As opposed to language, none of the lower/higher-order musical
elements has a meaning on its own, but acquires one in the context of complex musical
structures, e.g., melody, (Ludden, 2015), which may (or may not) be understood in the
same manner across cultures and even within cultures. Given this, it is difficult to claim
that music is a “language” and “universal.”

What is universal is the fact that music is widespread and may be found even in cultures
where music is not referred to as “music” but rather as a musical activity (Mehr et al., 2019).
However, even if music is viewed as a universality from this perspective, it differs not only
between but also within musical cultures. Cross-cultural studies reveal that, despite more
than a century of intensive research into the reasons why music differs between/within
cultures, there is (still) no consensus (e.g., Brown & Jordania, 2011; Harwood, 1976;
Henry, 1976; Higgins, 2012; List, 1971; Lomax, 1976; Savage et al., 2014; Savage et al.,
2012; Serra et al., 2012). Is it the comprehension and processing of music in an individual
and/or society, the manner in which music has been passed over time, the social and
cultural milieu that influences music production, or a combination of these factors? In
addition, there are continuous discussions regarding what to seek for in music to examine
the diversity between/within cultures, which genre (style of music) and which approach to
use (manual, semi-automatic, automatic).
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This chapter seeks to determine which musical features and dimensions contribute to
the (dis)similarity between and within 22 European countries! by analyzing a sample of
2,184 homophonic folk songs, children’s folk songs, and children’s songs. Some of the
selected countries (see Subsection 2.3) share a common cultural, historical, political, mu-
sicological, and sociological background; therefore, we could agree to define European folk
music as a “single corpus of musical style” (Nettl & Béhague, 1980, p. 37). However, in
spite of the fact that each culture shares some elements of its music with another, partic-
ularly with a neighboring country, each country possesses important and specific qualities
such as pitch, interval, contour patterns, etc. (Savage et al., 2012).

Emphasizing Western folk music tradition could be interpreted as limiting the potential
to answer broader or more specific issues concerning the diversity and scope of human
music. To date, there are no cross-cultural research studies that compare folk songs,
children’s folk songs, and children’s songs from the Western musical tradition. A thorough
comparison of countries using these three genres could illuminate the impact of variability
on the (dis)similarity of countries and reveal how children’s folk songs and children’s songs
as musical genres contribute to the cultural identity of a country.

According to Nettl and Béhague (1980), music from different cultures should be ana-
lyzed from two perspectives: its style and structure, and its cultural context. The structure
of a piece of music reveals how musical features and dimensions are utilized within a cul-
ture (Mihela¢ & Povh, 2021), and thus reflects (as a “material artefact”) a specific culture.
Nonetheless, the society, whether on a micro (as a person) or macro (as a population) level
within a territory or region, processes music. By structuring musical features and dimen-
sions in musical artifacts dynamically across time, a society influences the dynamic and
ongoing transformation of a culture based on shared or individual beliefs (Wesch, 2018).

Thus, the existence of music should not be understood as existence “per se,” but rather
as an essential component of society and as the totality of human behavior within a culture.
Consequently, a multiple approach is utilized in this chapter, which combines the analysis of
the structure of music, the cultural /political /historical implications on music of a specific
country, and the impact of the society at micro and macro level on the processing of
music, by simulating the listeners’ perception of music and their enculturation using the
computational model IDyOM.

In this chapter, two hypotheses are tested, that there are substantial variances in the
use of musical features and dimensions between European countries that are regarded to
share a single musical style, and that the musical features and dimensions used in the
representative music of a certain country are more similar in countries that share a similar
cultural, political, historical, economic background, and are geographically close.

The structure of this chapter is as follows. Exposition of the related literature and the-
oretical foundations for the current research is presented in Section 7.1. A short portrayal
of folk songs, children’s folk songs and children’s songs is provided in Section 7.2. The
investigation of (dis)similarities between countries is presented in Section 7.3, followed by
the investigation of (dis)similarities within countries in Section 7.4. Concluding remarks
and future work are presented in Section 7.5.

7.1 Scientific Background and Related Work

Despite the absence of archaeological evidence that could shed light on the origins of
music, the truth remains that it has not developed in a single culture, but simultaneously
in numerous cultures around the world (Mehr et al., 2019; Peretz, 2006). Throughout

! Although culture is not synonymous with country or continent, and most people do not belong to a
particular culture, the terms “culture” and “country” will be used interchangeably in this work.
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human history and throughout cultures, music has been discovered in every society (Mehr
et al., 2019), making it a global art form. Consequently, if music is universal, why is there
musical diversity between cultures throughout the world and even within a culture? Several
plausible explanations have been proposed, with the cultural and biological explanations
appearing to be the most prevalent in recent decades. Music can be regarded a biological
production (Peretz, 2006), since people are biological entities and everything generated by
the human mind can be considered as biological. Various studies demonstrate the existence
of similar universals in the creation and processing of music by humans (e.g., Drake &
Bertrand, 2001; Trehub, 2000; Zatorre, 2001), while also highlighting the existence of biases
and limitations in music processing and production (e.g., Gingras et al., 2015; Honing et al.,
2015). From this perspective, considering the differences in human perception, production,
and appreciation, it is expected to find cultural diversity, as it is extremely unlikely to find
exactly the same processing, appreciation, or creation of music within or between cultures.

As a social construct, music varies not only between cultures (Blacking, 1990; Higgins,
2012; Lomax, 1977), but even within a specific culture (Henry, 1976; Rzeszutek et al.,
2012). Each culture interacts (more or less) with the outside world and experiences various
external and internal pressures (e.g., with subgroups with its own tastes and preferences).
The function and presentation of music (within or between cultures) can be identical to
various degrees, yet the ideas of musical sounds and forms are different (Friedmann, 1980).
Due to the fact that the fundamental components of music, such as timbre, pitch, and
rhythm, vary in frequency, form, and how they are perceived across and within cultures,
it is important to also consider the behavior that is connected to music when examining
the diversity in music that can be found in different cultures around the world.

The findings of the study by Lumaca et al. (2018) demonstrate that the cultural and bi-
ological explanations for the diversity of music are insufficient when viewed independently,
as music is neither a purely cultural nor biological product. Music (as language) can be
defined as a system with structured symbols and syntax, as well as a collection of behav-
iors that are transmitted from one generation to the next (Le Bomin et al., 2016; Morley,
2013), horizontally or vertically (Savage, 2019). Which cultural properties are transmitted
to the next generation depends on the “memory bottleneck” (Deacon, 1997), i.e., the “hu-
man neurobiological filter” (Lumaca et al., 2018, p. 3), a collection of all the limitations
(e.g., motoric, motoric-expressive, physiological, cross-modal, and semantic) that may af-
fect musical structures. Information is more likely to be transmitted to the next generation
when (i) it is easier to encode, understand, process, and memorize, and (ii) it is useful and
attachable (Gladwell, 2002). As each individual is unique, a “neuronal niche” (Dehaene &
Cohen, 2007, p. 384), it follows that there is a high possibility of inter-individual variances
in the processing of music within a group. Eventually, the neurobiological heterogeneity
of individuals should show at the population level, as variances in musical behavior can
have substantial effects on musical systems, especially if magnified by cultural transmission
(Lumaca et al., 2018).

Multiple studies have demonstrated that music, culture, and society are intricately in-
tertwined, and that cultural context influences (to a greater or lesser extent) music created
within cultural boundaries (Brenna, 1992; Lomax, 1976; Lundquiest & Szego, 1998; Mer-
riam, 1960; Nettl, 1992). From this perspective, the best way to analyze (dis)similarities
between /within cultures is through the use of music, which best reflects a culture. How-
ever, a song produced lately in a “traditional manner” (folk revival) might be considered
to “represent” a culture, as can a song whose roots date back more than 300 years. Art
music, children’s folk songs, and children’s songs, of which the latter two are generally
neglected as a genre (Jozef-Beg & Mihela¢, 2019; Mihela¢, 2021; Mihela¢ & Pani¢ Grazio,
2021), also reflect a particular culture, since many composers have included traditional folk
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components into their works.

The review of cross-cultural studies reveals that (folk) songs are predominantly used.
Mehr et al. (2019) uses songs (with lyrics) to examine (non)universality in societies around
the globe. Their research demonstrates that songs (as musical forms) are a “human uni-
versal,” as songs can be found all over the world, that songs are associated with similar
behavior in different societies, and that songs from different societies share certain mu-
sical characteristics, such as tone, pitch, and rhythm. Songs are also utilized by Lomax
(1976) to demonstrate that songs identify and depict the fundamental social systems. Due
to the wide variety of instruments, acoustic peculiarities, tuning systems, and production
techniques, songs are also used by Savage et al. (2012) since they are simpler to compare
cross-culturally than instrumental music (Ellis, 1885).

Unlike instruments, there are no examples of songs that have been fossilized. The
hypothesis, however, is that even before the advent of musical instruments, a song-like
communication mechanism, a “protolanguage” (Fitch, 2004), preceded human language
(e.g., Darwin, 1871; List, 1973; Marler, 1976; Mithen, 2005), and that modern music is
a sort of “behavioral fossil” of this communication system. The use of a song to analyze
(dis)similarity between/within civilizations is logical and acceptable when seen from this
perspective and in light of the fact that songs are a universal human trait prevalent in all
cultures.

In cross-cultural studies, corpora consisting of folk (traditional) music are mostly used,
while “non-representative” and “weird” corpora are often avoided. However, Heinrich et al.
(2010) show strong evidence that “weird societies” (compared to other societies) are not just
outliers, but “may represent the worst population on which to base our understanding of
Homo sapiens” (Heinrich et al., 2010, p. 80), i.e., that even (supposedly) non-representative
societies contribute to the study of human music (Savage, 2018), which may also be true
for (apparently) “non-representative” corpora consisting of music from subcultures (such
as the children’s society).

According to a vast number of studies, the search for musical universals to explain
cultural diversity has been and continues to be a topic of the utmost interest for decades
(e.g., Brown & Jordania, 2011; Harwood, 1976; Lomax, 1976; Savage et al., 2012, ...).
Lomax’s search for a “typical” song, a “modal profile” for each culture by employing musical
universals has induced countless discussions about the (non)existence of musical universals
(Harwood, 1976; Justus & Bharucha, 1998; Meyer, 1998), as well as similar studies from
Brown and Jordania (2011), proposing a detailed list of 70 putative musical universals,
and later Savage et al. (2015), Savage et al. (2012), revealing that there are no absolute
music universals between cultures, but only statistical ones.

These results are consistent with Steven’s study, in which he explains that the same
musical components, assumed to be musical universals and found in musical structures
around the world, imply “static features of static environments” and neglect “informative
differences” (C. J. Stevens, 2012, p. 654). Rather than searching for generalities, a more
logical approach could be to search for particular instances of diversity at different levels,
i.e. to search for “anti-patterns,” patterns that are rare or absent in a dataset compared
to patterns to be found as frequent (Conklin, 2013), or to recognize the musical processing
over musical features and content (Harwood, 1976), a complementary approach.

Depending on the task, e.g., if the task is a computational modelling of melodic simi-
larity, processing of musical features, or simply a classification problem, where only a few
melodic features may be sufficient, the (dis)similarity in music between/within cultures
is examined using audio recordings or/and notation, a manual approach (e.g., Le Bomin
et al., 2016; Lomax, 1976; Rzeszutek et al., 2012; Savage et al., 2015; Volk et al., 2008), a
semi-computational approach (e.g., Bronson, 1949; Rhodes, 1965), and, beginning around
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1960, a computational approach (e.g., Gomez et al., 2009; Juhéasz, 2006, 2009; M. T.
Pearce, 2018; Serra et al., 2012; Tzanetakis et al., 2007).

7.2 Short Portrayal of Folk Songs, Children’s Folk Songs and
Children’s Songs

Folk Songs

The definition and acceptance of the folk song have been the subject of numerous doubts
and speculative discussions throughout history, ranging from its denial of existence, which
is related to the denial of the folk culture by some ethnologists (Kumer, 1988), to the
endless discussions about the most appropriate term, opposing the use of the term “folk
song” and introducing other, more appropriate terms, such as “national song”, “group song”,
“traditional song” or even “creation of the people” (Mihela¢, 2008, 2012).

Folk song is defined in this thesis as a song made by an unknown, gifted member of a
non-literate, rural part of a society (Bohlman, 1988), where the song is kept, transferred,
and altered through an oral tradition. It is simultaneously a product of the individual and
the society, as many people are continually making changes. This process can be termed as
“communal re-creation” (Nettl & Béhague, 1980) owing to the song’s constant refinement
to sound like previously heard music or due to the fact that certain parts of the song have
been forgotten.

As folk song (sung or played) is traditionally transmitted orally, thus not in a written
form as the newly created folk songs (Kumer, 1988), and as notation is not the traditional
“medium” of folk songs, we can expect variations of the same folk song, depending on all
the changes the song may be exposed to, as well as the communal re-creation (e.g., trans-
formations in a society, wars, compulsory schooling, cultural migrations, ...). Depending
on the isolation of a particular culture, some songs may have been unaffected by these
changes and passed in their original form (from the perspective of structure and perfor-
mance) from one generation to the next, by individuals with “good memory” (Ling, 1997),
to the present day, and then finally archived as recordings and/or transcriptions.

Despite the fact that various studies demonstrate that each culture’s folk music has its
own distinctive expression (e.g., Jing, 2017; Lomax, 1976), it is predicted that each culture’s
folk music shares features (musical universals) with other cultures (Nettl & Béhague, 1980).
This is evident in cultures with a shared political /historical /economical /cultural past (e.g.,
the Habsburg Monarchy: the territories and provinces controlled by the junior Austrian
branch of House of Habsburg between 1526 and 1780) (Kann, 1974).

A folk song differs from the music of trained musicians in terms of its structure and
syntax. It follows the imagination of an uneducated composer, and the musical-aesthetic
sensibility of the composer’s society, as described by Stockmann (1985) and Vodusek (1980).
In general, the structure of folk songs is simple. The structural forms AABB, ABBA,
and ABCA are quite common (particularly in European folk music), and melodies are
repeated multiple times with varied words. Repetition is also evident in the repetition of
rhythmic patterns and identical motifs at varying pitch levels. The simplistic tonal and
form structure, as well as the frequent repeating of lower as well as higher structural levels
in songs, can be explained by a lack of formal musical training as well as by the usage of
the musical material as a type of “mnemonic device” (Nettl & Béhague, 1980).

Children’s Folk Songs

John Blacking states that music-making is “an inherited biological predisposition which is
unique to the human species” (Blacking, 1973, p. 7), and that it emerges early in children’s
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and adults’ lives (Trehub, 2000). Despite the fact that music “happens” to children all
the time (P. S. Campbell, 1998), manifesting itself (among other ways) in singing tunes
during various activities, it appears that adults in the past frequently failed to acknowledge
it. Due to this, many traditional songs and contributions by and for children that could
contribute to a deeper knowledge of children’s songs across countries may not have been
gathered.

The collections of children’s songs from around the world demonstrate that these col-
lections contain songs written by adults specifically for children, folk songs, and songs that
children have produced and passed down to one another (Mihela¢, 2021; Mihela¢ & Panié¢
Grazio, 2021). Summarizing all of these songs, it can be very challenging to identify their
original creators because children’s songs frequently undergo changes and adaptations over
the course of generations, or are even published by adults due to children’s lack of musical
training and inability to correctly notate songs. 2 Folk songs (which can be found among
children’s songs) have a similar issue because it is unclear whether they were written by
children or by adults for children. The only exception are lullabies, which are songs written
by adults for children and are found in almost every culture (Jozef-Beg & Mihela¢, 2019).

Regardless of who composed these songs, a number of them share many characteristics
with folk songs and are passed down orally from generation to generation, much as folk
songs are. These children’s songs, which could be defined as “children folk songs” for which
there is no clear definition (Sutton-Smith, 1999), are tonal and structurally simple, even
more so than folk songs, syllabic, free of ornamentation, and full of repetition, with a
content close to the children’s world, likely to make them as adaptable as possible for
children (Nograsek & Virant Irsi¢, 2005; Pond, 1981; Romet, 1980; Voglar & Nograsek,
2009).

Despite the fact that adults and children of a culture share the same cultural milieu,
the question is how (dis)similar children’s folk songs are to folk songs, even if traditional
folk songs are considered “children folk songs.” Children’s societies are frequently conser-
vative, ritualistic, and governed by routine, exhibiting moments of high fantasy and silly
innovation, with their own “group traditions” (McDowell, 1999), altering songs created by
themselves or by adults, repeatedly, based on their abilities, needs, games, and so on.

Nonetheless, it is anticipated that children’s folk songs and folk songs would share many
similarities, as children’s societies reflect in their songs (regardless of who wrote them) the
folklore of their family, neighborhood, and other groups and folk activities they participate
in. This process can be more or less dynamic according to the age of the children, bearing
in mind that the older the children are, the more external influences from outside their
cultural milieu will be reflected in their songs (Ling, 1997).

Children’s Songs

How is a children’s song defined? Is it an adult’s composition, a child’s simple play song, or
a commercial children’s song? The most difficult aspect of categorizing children’s songs is
that this genre grew out of a changing conception of childhood in societal norms (Lawson,
2011). Childhood was not understood and recognized as a stage of life until the eighteenth
century (Lowe, 2004), and it became an intriguing object of study at the end of the
nineteenth century.

2Sometimes, the origin of children’s songs can be documented. The documentary fieldwork of Charles
L. Todd and Robert Sonkin, who identified child composers whose families had fled the Dust Bowl in
the 1930s and subsequently resided in the Shafter Farm Security Administration (FSA) Camp in Shafter,
California, is an example. The “Government camp song,” composed by Betty and Mary Campbell, along
with Margaret Treat, depicts what occurred in the lives of the younger children of migrant workers. More
in (Todd & Sonkin, 1940-41)
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Since 1940, ethnomusicologists, sociologists, educators, and folklorists have taken an
increased interest in children’s songs, focusing their studies on musical content, on the social
and cultural significance of children’s songs and their relationships to the music of adults,
on how children’s songs contribute to the preservation of a culture, on how children’s songs
are transmitted from one generation to the next, etc. (e.g., Blacking, 1973; Brailoiu, 1954;
Herzog, 1944; Nettl & Béhague, 1980; Nettl, 1983; Newell, 1963; Pond, 1981). If children’s
culture was unimaginable for centuries, then the last several decades have witnessed a
gradual increase in interest in this field (P. Campbell, 2010, p. 6). As music is significant to
children and a “childhood constant,” studies from ethnomusicologists, folklorists, educators,
anthropologists, sociologists, and more recently also musicologists, are focusing more than
ever on the relationship between music and children, covering a variety of topics such as
children’s musical behavior, musical activities, music-making, music performance, music
perception, etc.

According to Kartomi (1999), children’s songs written by children are worlds apart from
those developed by adults for children, since the songs created by children follow different
rules and have a unique approach to rhythm, structure, text, and substance, possessing a
childlike aspect. Nonetheless, authors who have devoted themselves to composing entirely
or primarily children’s songs use the aforementioned traits, writing the children’s songs in
a way that children would comprehend and that is content- and ability-appropriate. These
songs are based on words that come from the child’s world, which is full of toys, plays,
games, imagination, and activities that primarily occupy adults (e.g., cleaning, sawing,
building...). From the standpoint of the musical construction, they have a strong rhyme,
a multiverse text, a simple structure, syncopated rhythms, and unusual rhythm and pitch
patterns (Jozef-Beg & Mihelaé, 2019).

Children’s songs are frequently influenced by folk elements and folk music of the com-
poser’s native country (e.g., use of intervals, motifs, melodic figure, and ancient tonal
patterns), while globalization, a dynamic force in contemporary societies (Trask, 2010),
influences (among other things) the creation of new children’s songs (e.g., using contem-
porary cultural and social values, integrating folk elements with popular music).

Ethnomusicologists are divided as to whether or not children’s songs reflect or con-
tribute to the development of a culture. The opinion of Nettl is that music reflects culture
(Nettl, 1983). Rogoff (2003) and Corsaro (2005) perceive the creation of a culture in a more
active manner (e.g., the contribution of children to the creation of their cultures). Slobin
(2000) describes the existence of multiple levels of culture, including super-cultures, sub-
cultures, inter-cultures, and micro-cultures. For instance, children’s musical cultures are
sub-cultures inside the super-culture of a contemporary country, as well as micro-cultures
and inter-cultures, due to the effect of musical cultures in a community that merge with
global and childhood cultures.

7.3 (Dis)similarities Between Countries
Hypotheses

Two hypotheses are tested:

(i) There are substantial variances in the use of musical features and dimensions between
European countries that are regarded to share a single musical style.

(ii) The musical features and dimensions used in the representative music of a certain
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country® are more similar in countries that share a similar cultural, political, histor-
ical, economic background, and are geographically close.

Methodology
Stimuli

Corpus III (see Subsection 2.3) was used to explore the variety between countries by ana-
lyzing in depth the use of musical features and dimensions. The decision to include Russia
is based on geography (approximately 23 percent of western Russia can be considered a Eu-
ropean part) and shared history between former and present Russia and Europe (Graney,
2019). Turkey’s songs have been added to this data set because a small portion of the
country is regarded to be in Europe (about 3 percent) and because the Ottoman Em-
pire shared a historical, political, and cultural background with many European countries
(Hurewitz, 1961; Kostopoulou, 2016). Some European countries, such as Austria and the
Czech Republic, were omitted from Corpus III due to insufficient data for a particular
genre, and the decision to include a proportional number of countries from West, East,
North, and South Europe.

Procedure

In order to explain the (dis)similarities between the countries and genres using musical
features and dimensions, IDyOM was utilized to simulate the listener’s processing and
perception of songs. Because empirical findings from numerous studies have shown that the
information content is effective in capturing stylistic statistical patterns and psychological
processes in listeners’ music perception (Hansen & Pearce, 2014; Omigie et al., 2013; M. T.
Pearce, 2005, 2018), the average information content (IC), as estimated by the model for
each target viewpoint, was used.

The musical features and dimensions were observed using 16 viewpoints (see Table
7.2) at two different levels of granularity: low (song-based) and high (genre- and country-
based).? Precisely, the following were computed for each of the 22 countries and each of
the three genres:

e the mean values of all viewpoints for each song in order to simulate the listener’s
perception of each song and collect as much information as possible on the events in
a particular song (the song based granularity)

e the mean values for all viewpoints for a group of chosen songs from a given genre
(the genre based granularity)

e the mean values for all three genres combined from a particular country (the country
based granularity)

Multivariate Analysis of Variance (MANOVA) was complemented with a series of inde-
pendent univariate Analysis of Variance (ANOVA) models to study how viewpoints vary
across genres and countries. Agglomerative hierarchical algorithms, Euclidean distance as
a similarity measure, and the Ward agglomeration method (Ward, 1963) were utilized to
find clusters in the multidimensional data.

3This thesis defines “representative music” as music that symbolizes the culture of a certain country,
such as folk music, children’s folk music, or any other music including musical features that are exclusive
to that country.

4For a comprehensive list and description of each viewpoint, see the subsection 3.2.2.
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Results

First, the hypothesis that there are substantial differences in the use of musical features
and dimensions among European countries considered to have a single musical style was
tested with Wilks’ A statistic.> When 16 viewpoints were utilized to examine the musical
features and dimensions, the following was found:

e There are significant differences between vectors of mean values of viewpoints com-
puted across the countries (Wilk’s A = 0.223, F(336,27473) = 10.18, p < 2.2¢-16).

e There are significant differences between vectors of mean values of viewpoints com-
puted across the genres FS, CFS, CS (Wilk’'s A = 0.502, F(32,4332) = 55.63,
p < 2.2¢-16).

Next, a one-way Multivariate Analysis of Variance (MANOVA) was performed to de-
termine if there are statistically significant differences in the vectors of mean values of
viewpoints across genres for each country. As a result, 22 MANOVAs were conducted, and
the findings, which are presented in Table 7.1, indicate that there are significant differences
between the mean values of viewpoints used to observe the musical features and dimensions
in songs belonging to the FS, CFS, and CS song groups, for each country.

Table 7.1: Results of the series of MANOVA, conducted within each of the countries separately.

country Wilks A F-value dfy dfa p-value
Bulgaria 0.074 6.843 32 82 0.000000
Croatia 0.043 17.170 32 144  0.000000
Denmark 0.076 4.925 32 60  0.000000
France 0.053 43.211 32 416  0.000000
Germany 0.045 61.988 32 532 0.000000
Great Britain 0.047 17.545 32 156  0.000000
Greece 0.331 2.307 32 100 0.000873
Hungary 0.028 18.283 32 118  0.000000
Italy 0.050 8.428 32 78  0.000000
Latvia 0.367 2.889 32 142 0.000009
Netherlands 0.071 19.991 32 232 0.000000
Norway 0.020 20.965 32 110 0.000000
Poland 0.075 8.136 32 98  0.000000
Portugal 0.073 6.581 32 78  0.000000
Romania 0.015 18.617 32 82 0.000000
Russia 0.042 12.550 32 104 0.000000
Serbia 0.071 7.208 32 84  0.000000
Slovenia 0.069 36.560 32 416  0.000000
Spain 0.056 14.166 32 140  0.000000
Sweden 0.124 6.688 32 116  0.000000
Switzerland 0.052 20.296 32 192 0.000000
Turkey 0.066 8.645 32 96  0.000000

ANOVAs were performed for each viewpoint to see which viewpoints have significantly
different mean values across countries and genres. Table 7.2 contains the results. There
are significant differences between the mean values of all viewpoints when the groups are
defined by the countries and the genres, respectively, with the exception of the tessitura
viewpoint, for which significant differences between genres cannot be confirmed.

Figure 7.1 illustrates how the mean values of viewpoints in different countries differ
from the overall mean values. The boxplots display the mean values for each viewpoint
across 22 countries as well as the lowest and highest mean values for each country.The fact
that each viewpoint’s intervals of values varies widely across the countries further proves

5Only the results for the Wilks’ A statistic are reported. The other standard statistics (Hotelling-Lawley,
Roy, Pillai) imply the same conclusions.
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Table 7.2: Results of ANOVAs for each viewpoint. The columns 2-5 correspond to ANOVA tests
across the countries and the four rightmost columns to the ANOVA tests across the genres. The
first columns in both groups report the values of F statistic, the second and the third columns
report the corresponding degrees of freedom and the fourth column in both groups reports the
p-values.

viewpoint F dfi dfa p-value F dfi dfa p-value
cpitch 10.197 21 2162  0.000000 38.761 2 2181 0.000000
cpitch _class 34.802 21 2162  0.000000 181.110 2 2181 0.000000
tessitura 17.799 21 2162  0.000000 1.083 2 2181 0.338810
cpint 9.349 21 2162  0.000000 40.472 2 2181 0.000000
cpint _size 15.324 21 2162  0.000000 144.053 2 2181 0.000000
cpcint 26.319 21 2162  0.000000 122.552 2 2181 0.000000
cpcint _size 42.263 21 2162  0.000000 257.634 2 2181 0.000000
contour 18.666 21 2162  0.000000 353.957 2 2181 0.000000
newcontour 33.296 21 2162  0.000000 357.952 2 2181 0.000000
cpintfip 7.141 21 2162  0.000000 21.314 2 2181 0.000000
cpintfref 38.978 21 2162  0.000000 197.064 2 2181 0.000000
inscale 77.834 21 2162  0.000000 372.920 2 2181 0.000000
cpitch _dur 8.917 21 2162  0.000000 58.367 2 2181 0.000000
dur_ratio 13.226 21 2162  0.000000 40.492 2 2181 0.000000
ioi ratio 7.736 21 2162  0.000000 55.663 2 2181 0.000000
cpitch _ioi_ratio 7.117 21 2162  0.000000 54.191 2 2181 0.000000

that the differences are indeed significant. The countries that differ most from the mean
value, for each viewpoint, are also identified by the whiskers of each boxplot.
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Figure 7.1: Boxplots for the countries’ means values of viewpoints
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The hypothesis that musical features and dimensions used in a country’s national rep-
resentative music are more similar in countries with similar cultural, political, historical,
and economic backgrounds and that are geographically close to one another is tested in
the continuation using clustering analysis. For each country is used:

(1) a vector of length 16, containing mean values of each viewpoint computed across the
songs belonging to the set of FS, CFS, and CS songs

(2) a vector of length 48, obtained by stacking the three vectors of length 16, which are
described in the previous item

The results of clusters are summarized in Table 7.3, and visualized in Figures 7.6-7.9.
Only a basic hierarchical clustering was performed, in which point-to-point dissimilarity
is estimated using Euclidean distance and agglomeration is performed using the Ward
method (Ward, 1963). Dendrograms were utilized to determine the optimal number of
groups based on the results of this procedure.

Figure 7.2 is a dendrogram illustrating the bottom-up clustering procedure, where
merging levels correspond to the measure of dissimilarity between two groups of countries.
This dendrogram was obtained by representing the 22 countries with stacked FS, CFS, and
CS vectors of viewpoints. The vertical dashed lines represent the most significant clusters
in this dendrogram, which are comprised of the most related countries. Figures 7.3-7.5
depict the dendrograms for each genre (FS, CFS, CS) independently.

When employing the FS, CFS, and CS genres separately and together, significant dif-
ferences between groupings of countries can be observed. Additionally, some geographically
distant countries without a common political, cultural, economic, or historical background
(such as the UK, Switzerland, and the Netherlands or Latvia and Slovenia) use musical fea-
tures and dimensions similarly, while other geographically close countries with a common
past use them differently.

5The countries in grey are those that were excluded from Corpus III.
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(Dis)similarities Between Countries

Table 7.3: 22 European countries grouped by genres.

All genres Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Latvia Greece Romania Norway Switzerland
Portugal Bulgaria Russia Sweden Germany
Italy Serbia Poland Netherlands France
Slovenia Turkey Hungary Denmark UK
Croatia Spain
Only FS Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Germany Great Britain Portugal Turkey Serbia
France Netherlands Sweden Bulgaria Croatia
Switzerland Poland Latvia Greece Spain
Hungary Slovenia
Romania Norway
Russia Denmark
Italy
Only CFS Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Switzerland Croatia Spain Portugal Slovenia
Denmark Turkey Netherlands Romania Bulgaria
Great Britain Hungary France Italy Poland
Norway Serbia Germany Russia
Sweden Greece
Latvia
Only CS Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Norway Italy Croatia Latvia Greece
Denmark Turkey Bulgaria Switzerland Portugal
Netherlands Hungary Great Britain Slovenia Serbia
Poland Russia Spain Romania
Sweden France

Germany
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7.4 (Dis)similarities Within Countries

Hypotheses

One hypothesis is tested, that there are differences in the use of musical features and di-
mensions in genres considered to belong to the representative music of a particular country,
however depending on cultural forces which homogenize and diversify these genres.

Methodology
Stimuli

In order to explore the variety of musical features and dimensions in genres within countries,
the same Corpus III was employed.

Procedure

IDyOM and information content (IC) for the same 16 target viewpoints that were employed
in the observation of musical features and dimensions between countries were also used
within each of the 22 countries to simulate the listener’s processing and perception of
songs in each genre. To identify for which country and viewpoint there are significant
differences in the mean values between genres, a series of ANOVA tests were conducted
for each country and viewpoint across genres. MANOVA could not be applied because the
samples for the countries were not sufficiently large.

Results

To test the hypothesis that there are substantial differences in the use of musical features
and dimensions across genres within a country, a set of ANOVA tests were run for each
country and for each viewpoint across the genres. The results (p-values) of ANOVAs are
shown in Table 7.4 and in Figure 7.10. We can see that Greece and Denmark have the
smallest differences in the mean values across genres (significant differences only for 2 and 4
viewpoints, respectively), but France, Germany, Hungary, The Netherlands, Portugal, and
Romania have significant differences for at least 8 viewpoints, suggesting, (i) that there
are significant dissimilarities in the way musical features and dimensions are understood
and used in three genres within countries.

Similar results were discovered in the study conducted by Rzeszutek et al. (2012). Us-
ing only one genre (folk songs), significant differences were found in the use of musical
features/dimensions within populations (countries), but smaller differences between popu-
lations (countries), validating and quantifying the criticisms of ethnomusicologists that the
musical diversity within a particular culture is underestimated when searching for musical
diversity in cultures (Feld, 1984; Henry, 1976).

In a recent research by Daikoku et al. (202) cross-cultural music similarity ratings were
analyzed on a global song sample from 110 participants (from Japan, north and south
India). Greater musical diversity was found within cultures than between them.
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Table 7.4: Results (p-values) of ANOVAs, computed for each viewpoint, across the genres within each of the countries. No significance is presented with bold

values.

viewpoint BG HR DK FR DE GB GR HU IT LV NL NO PL PT RO RU RS SI ES SE CH TR
cpitch 0.11 0.22 0.81 0.00 0.00 0.42 0.60 0.00 0.04 0.06 0.00 0.00 0.00 0.00 0.00 0.04 0.33 0.00 0.23 0.25 0.03 0.47
cpitch_class 0.03 0.00 0.08 0.00 0.00 0.00 0.58 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.01
tessitura 0.16 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.04 0.00 0.00 0.00 0.20 0.01 0.00 0.33 0.00 0.08 0.00 0.00 0.00 0.00
cpint 0.00 0.18 0.79 0.00 0.00 0.04 0.33 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.05 0.00 0.05 0.11 0.00 0.45
cpint _size 0.03 0.00 0.84 0.00 0.00 0.00 0.58 0.00 0.00 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.02 0.00 0.09
cpcint 0.92 0.00 0.23 0.00 0.00 0.00 0.18 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.02 0.00 0.20
cpcint _size 0.08 0.00 0.28 0.00 0.00 0.00 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
contour 0.24 0.00 0.90 0.00 0.00 0.00 0.19 0.00 0.00 0.00 0.00 0.46 0.00 0.02 0.00 0.00 0.00 0.00 0.12 0.04 0.00 0.52
newcontour 0.14 0.00 0.17 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.61 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.70
cpintfip 0.02 0.07 0.28 0.01 0.00 0.62 0.25 0.00 0.10 0.01 0.00 0.49 0.00 0.00 0.00 0.54 0.25 0.11 0.08 0.26 0.01 0.50
cpintfref 0.04 0.00 0.00 0.00 0.00 0.00 0.62 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.02
inscale 0.00 0.00 0.11 0.00 0.00 0.00 0.02 0.00 0.00 0.03 0.00 0.36 0.00 0.00 0.00 0.00 0.84 0.00 0.00 0.00 0.00 0.00
cpitch _dur 0.52 0.09 0.53 0.00 0.00 0.12 0.43 0.00 0.03 0.16 0.00 0.41 0.00 0.00 0.00 0.01 0.20 0.00 0.08 0.13 0.09 0.65
dur _ratio 0.00 0.00 0.41 0.00 0.00 0.00 0.07 0.64 0.00 0.01 0.00 0.00 0.94 0.69 0.02 0.00 0.00 0.00 0.02 0.01 0.84 0.16
ioi_ratio 0.02 0.00 0.00 0.03 0.00 0.60 0.22 0.00 0.06 0.00 0.26 0.01 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.92 0.66 0.01
cpitch_ioi_ratio 0.03 0.00 0.00 0.19 0.00 0.18 0.30 0.00 0.02 0.02 0.03 0.13 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.75 0.58 0.01
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Discussion

In this chapter, folk songs, children’s folk songs, and children’s songs were used to study
the diversity of musical features and dimensions across and within 22 European countries.
The results of the study of these three genres between and within 22 countries have re-
vealed substantial differences, highlighting the distinctive manifestations of these genres
and the manner in which musical features and dimensions are incorporated into the musical
structure, confirming the first hypothesis, that European countries cannot be considered
as a single musical style.

The fundamental question that arises is why similar relationships have been discovered
between countries compared to other cross-cultural research studies that deal with only one
genre, namely folk songs (e.g., Juhasz, 2006; Panteli, 2018)7 There is always the chance
of genres “assimilating” or “merging,” much as (sub)cultures adapt to a culture that exerts
strong dominance over other cultures, and after a given period of time, behaviours/cultural
variances within a subculture are driven towards fixity (Foley & Mirazén Larh, 2011;
Newson et al., 2007). For instance, what is considered a folk song representative of a
particular country may actually be a children’s folk song, or even a children’s song that
was labelled a folk song after a certain period of time, perhaps due to insufficient attention
to the origins and circumstances under which a song was created. This could explain the
same outcomes in several cross-cultural research, regardless of whether only one genre (folk
music) or multiple genres were employed.

From a historical, geographical, cultural, social, and musical perspective better results
of hierarchical clustering were achieved by combining the three genres (FS, CFS, CS) than
utilizing them independently. This should be interpreted similarly to the contribution of
various (sub)cultures to the national identity of a multi-national country, without losing
their primary identity (Huntington & Dunn, 2004). There is the possibility that specific
songs belonging to a particular genre that are transmitted from generation to generation
in a certain group of people with shared cultural norms and beliefs contribute to the final
formation of a distinctive musical identity at “top-level” - the population level of a country,
while retaining some of their original characteristics and expressions.

In the hierarchical cluster analysis-derived dendrogram (Figure 7.2), countries are
grouped according to their similarities. The partition of the dendrogram into two main
clusters, the first relating to a group of countries merged into clusters no. 1 and no. 2,
and the second relating to all the other countries merged into clusters no. 3 - 5, reveals
the historical, political, cultural, economical, and social roots of the 22 countries, as well
as their very specific and complex relationships, which can be traced over a long period of
time (see Figure A.1 and A.2). The two major clusters show the conceivable coexistence
of two opposites from roughly the 15th to the 20th centuries: the Habsburg Empire (later
Austro-Hungarian) and the Ottoman Empire; Western and Eastern; Catholic and Muslim;
which is consistent with the findings of Juhasz (2006, 2009).

The second hypothesis, that musical features and dimensions used in a country’s na-
tional representative music are more similar in countries with similar cultural, political,
historical, and economic backgrounds and that are geographically close to one another
was only partially confirmed. Similarities have been discovered between geographically
distant countries (e.g., between Slovenia and Latvia, between Sweden and Spain). Mehr
et al. (2019, p. 1) suggest that a plausible explanation could be that “behavioural pat-
terns once considered arbitrary cultural products may exhibit deeper, abstract similarities
across societies”. The existence of dissimilarity between geographically close countries (e.g.,
the Netherlands and Germany or Spain and Portugal) indicates either (i) the absence (or
abundance) of a common musical core (Juhéasz, 2006) or (ii) the fact that the variability
of individuals has manifested itself more strongly at the population level, consistent with
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the findings of Lumaca et al. (2018).

The comparison of all the three genres (CFS, CS, and FS) within countries using 16
viewpoints, has shown statistically significant differences, confirming the importance of
observing the diversity in music not only between, but also within cultures(e.g., Feld,
1984; Henry, 1976; Rzeszutek et al., 2012). The differences between genres are important,
as neither children’s folk songs nor children’s songs are (to date) considered to be a genre
on its own. The analysis of these three genres within countries, and the differences found
in the way how musical features and dimensions are used, reveals how music is understood
and processed in the children’s society or in authors writing children’s music.

Small differences in the use of musical features and dimensions across genres within
some countries (e.g., Bulgaria and Denmark) and vast differences in others (e.g., France,
Germany, Portugal, Romania, etc.) can be understood in the sense that songs belong-
ing to a particular genre may undergo more or less random changes, depending on the
cultural forces that diversify or homogenize musical genres within a country. (Rzeszutek
et al., 2012). These “cultural forces” might be regarded as globalization, digitization, the
cultural policy enforced by a country’s government, a strong sense for the preservation of
cultural heritage, etc. For instance, despite the fact that socialist guidelines and socialist
governments support ethnic variety, implementing a policy of monoethnicism or ignoring
ethnic differences in order to establish a “unified national socialist identity” (Rees, 2011)
can contribute to a decrease in genre diversity in a country. Furthermore, the results of
a study conducted by Bourreau et al. (2022) analyzing the impact of digitization on the
homogenization of music content in ten countries reveal that digitization has increased
acoustic disparity among music charts. It is possible that digitization has had an impact
on newly composed children’s songs, where songs may be more (or less) influenced by glob-
alized music than by traditional music, resulting in fewer or greater differences between
genres of representative music in a given country.

The diversity found between the three genres within countries confirms partially the
hypothesis, that there are differences in the use of musical features and dimensions in
genres considered to belong to the representative music of a country, as it is not clear how
cultural forces, which homogenize and diversify genres, are impacting these genres in a
particular country.

7.5 Summary

Using Corpus III, which includes 2,184 songs from three genres (folk songs, children’s folk
songs, and children’s songs), this chapter examined the diversity of musical features and
dimensions between and within 22 European countries. Using the computational model
IDyOM and 48 different perceptual models for the simulation of the human perception
of the musical structure, as well as a multiple approach to examine the social, historical,
cultural, geographical, and political background in 22 European countries, differences in
the way musical features and dimensions are used in all three genres were discovered
between and within countries. A detailed analysis of the (dis)similarities between and
within 22 European countries shown that within-country variability outweighs between-
country variability, which is in accordance with findings from other studies (e.g., Feld,
1984; Henry, 1976; Rzeszutek et al., 2012).

There were expected similarities in close distanced countries (e.g., France and Germany)
and dissimilarities in distant countries (e.g., Bulgaria and Denmark), as well as unexpected
similarities in far countries (e.g., Slovenia and Latvia) and dissimilarities in close distanced
countries (e.g., Portugal and Spain). Plausible explanations include (i) the degree of dom-
inance of two mighty Empires (the Ottoman and Habsburg Empires) in countries included
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in these state formations, (ii) the absence (or abundance) of a common musical core, or
(iii) individuals exerting a strong influence on the culture of a particular country, prob-
ably more so in countries where “individualism” tends to predominate (Hofstede, 2011).
Similarities seen in distant countries point to either (i) a probable “abstract” acceptance
of behavioral (cultural) products/patterns across societies, or (ii) similar cultural behavior
and practices that already exist in these cultures.

The best results were obtained when employing five clusters and combining all three
genres, using k-means and hierarchical clustering, taking into account also the distinctive
development of the 22 European countries over a period of about five centuries. The most
comparable clusters when using each genre independently were those when using only folk
songs, followed by fairly similar clusters when using children’s folk songs, and the least
similar clusters when using only children’s songs. This is not really surprising given that
folk songs have all the distinctive elements of a particular culture and that children’s folk
songs tend to contain more of these elements than children’s songs do (Mihela¢, 2021;
Mihela¢ & Pani¢ Grazio, 2021). As evidence of the growing impact of globalization, the
overview of children’s music literature, and particularly children’s (commercialized) music,
reveals shared expression in both close and distant countries (Hassi & Storti, 2012). The
extent to which globalization is influencing this genre has not been confirmed in this study
and will be covered in a future research.

The findings indicate that each of the three genres used in this chapter can be regarded
as a separate genre with its own characteristics and forms of expression. The best results
(clusters) were produced when all three genres were combined, confirming their unique
contribution to the identification of a given culture without necessarily sacrificing their
individual identities, which can be seen when all three genres are combined or used sepa-
rately. It is still unclear, however, how precisely each genre affects a country’s identity at
the “top-level,” i.e., to what extent and under what conditions, and how intra-variability in
countries affects the (dis)similarities between countries. These issues are still up for debate
at the present and will be covered in an upcoming study.
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Chapter 8

Conclusions and Future Work

If you want the answer — ask the
question.

Lorii Myers

8.1 Conclusions

In this thesis, three main objectives have been addressed: (i) the segmentation of music in
children of various ages, (ii) (ir)regularity in children’s folk songs, and (iii) (dis)similarities
in the use of musical features and dimensions across and within 22 European Countries.

Segmentation of Music in Children of Various Ages: Experimental Ap-
proach

The perception and processing of melody have been examined experimentally in a specific
population, aged 56 years, and two older groups: middle, aged 8-12 years, and adolescents,
aged 14-16 years, both with and without musical knowledge. Two experiments, The Game
Experiment and The Breathing Experiment, conducted in 2018 and 2020 were designed to
address a need in the literature, as there are currently no studies that explore how these
age groups perceive musical phrases.

The Game Experiment, conducted in 2018 and 2020, examined whether a subject’s
memory of a song is solely dependent on recalling the entire song’s notes or on recalling
specific phrases. Using both normative (the most probable interpretation according to
music theory and musical experience), and non-normative segments of melody to recre-
ate songs, participants were more successful in reconstructing melodies with normative
phrasing, independent of age or musical knowledge. The results indicate that neither
the teaching approach (listening to sung or instrumental versions) nor the random order
of songs in both different versions (normative and non-normative) affect the success of
recreating the songs. The significance of prior phrase memory in the transition from one
phrase to the next has been proven, providing support for the hypothesis that children and
adolescents recall melodies through the usage of phrases.

The Breathing Experiment conducted in 2018 and 2020 examined two hypotheses, that
agreement within age groups grows with age, and that similarity between the normative
and participant segmentations also increases with age. Hypotheses were validated by the
results in both experiments.The Breathing Experiment in 2018, revealed that the absence
of meaningful lyrics pushes linguistic components into the background, and that the music
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and its phrases and phrase cues become the dominant focus, since phrase cues in the lyrics
cannot be used. The 2020 Breathing Experiment investigated two additional issues, how
the method of learning affects the perception of phrases, and whether the random order of
songs influences the results of song segmentation. As with The Game Experiment, there
were no statistically significant differences between the 2018 and 2020 Breathing Experi-
ments. Involving children of varying ages in two distinct experiments, The Game Experi-
ment and The Breathing Experiment yielded fruitful results, revealing possible causes for
the observed over-segmentation, particularly in the youngest population.

Segmentation of Music in Children of Various Ages: Computational Ap-
proach

To determine which musical features and dimensions are used at different ages and how
they vary depending on the musical structure, normative phrasings of the same three songs
used in The Game and The Breathing Experiments, as well as Corpus 2.1, consisting of 155
children’s folk songs and children’s songs from Slovenia, were utilized to train the IDyOM
computation model. The decision to use a computational model was based on the absence
of studies comparing the segmentation of music using computational models to children of
varying ages and musical experts.

In addition, preliminary data from a study comparing the segmentation of children, ado-
lescents, and musical experts to IDyOM’s automatic segmentation indicated that IDyOM
may be capable of simulating human perception of music and its segmentation across ages.
Thus, broad use of a computer model in the segmentation process would not only lead
to a significant knowledge of how children of different ages interpret phrases and phrase
boundaries, but also to the identification of the most effective computational models for
the segmentation task.

IDyOM’s capability to capture the human perception of musical segments at different
ages was demonstrated by an increase in measurement similarity between human and
computer segmentation from the youngest group (5-6 years old children) to the oldest
(musical experts). The findings revealed that each musical feature can play a different role
in phrase identification when employed alone or in combination with other musical features,
depending on factors such as experience, age, and feature combination in a particular
section of the song. The results also demonstrated that oversegmentation, which was
most prevalent in the youngest group of children, might be caused not only by individual
interpretation, but also by extremely contradicting perceptual cues present in the musical
structure.

(Ir)regularity in Children’s Folk Songs from 22 European Countries

Numerous studies highlight the significance of musical syntax and its contribution to the
concept of musical structure that adheres to the norms of musical syntax. In general, these
studies employ a conventional empirical approach (including listeners in experiments and
music rating). In recent decades, computational approaches to music analysis that compare
human and computer perceptions of the regularity in musical structure have enabled a more
objective examination of musical structure.

The fact that expert-based detection of (ir)regularity in musical structure can be effec-
tively replaced by a suitable computational model was the motivation for employing the
computational model IDyOM and ten viewpoints to simulate and detect the (ir)regularity
in children’s folk songs (Corpus 2.2), which are commonly assumed to have a simple and
regular structure. In addition, the algorithm IR REG, which categorizes melodies based
on the regularity of their musical structure, was implemented.
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Children’s folk songs with high or low irregularity have not been discovered in each
of the 22 FEuropean countries. This can be explained by the fact that the origins of some
children’s folk songs can be traced back to folk songs and that the content has been passed
down without any simplification or variation of the musical structure in terms of musical
dimensions or musical features.

Two hypotheses were confirmed: (i) that the frequency of repeating patterns correlates
with the irregularity of musical structure in children’s folk songs, and (ii) that repeated
patterns contribute to a stronger sense of regularity if they are given at the same pitch.
Children’s folk songs with a regular structure have a higher frequency of repeated patterns,
which contributes to a greater sense of regularity, as indicated by the results. However, if
patterns are repeated at a different pitch (as transposed patterns), they can be perceived
differently depending on the preceding and following context. As children’s folk songs are
approximately 8-12 bars long, it is also possible that the duration of the songs influences
the perception of these transposed recurring patterns.

Furthermore, observing the musical structure with ten different viewpoints has revealed
the importance of pitch in the perception of regularity in children’s traditional folk songs.
Some of the children’s folk songs in the data were classified as extremely irregular and
complex (especially the songs from Great Britain, Norway, and Switzerland, according to
the results), not only because of highly unexpected pitch distributions in the melody, but
also because of the use of large leaps (intervals) between successive notes. The regularity
of a musical structure is thus affected not just by pitch, but also by pitch intervals.

There were differences in rhythm (duration) between irregular and regular children’s
folk songs; however, with the exception of a few from Bulgaria, Romania, and Turkey, the
majority of children’s folk songs had recurrent pulse/meter, contributing to a more regular
musical structure in which the events are more predictable. Analyzing the implied harmony
to investigate the vertical dimension in children’s folk songs showed no meaningful results.
This was expected, given basic harmonic progressions are widespread in the melodies of
both irregular and regular children’s folk songs, indicating that harmony, as a secondary
parameter, is established and largely dependent on the syntactical constraints and rules
formed by the primary parameter pitch.

(Dis)similarities in the Use of Musical Features and Dimensions Across
and Within 22 European Countries

Despite more than a century of extensive research into the reasons why music differs
between /within cultures, there is no consensus, according to cross-cultural studies. In
addition, there are ongoing discussions over what to look for in music to examine cultural
diversity, which genre (type of music) to use, and which method to employ (manual, semi-
automatic, automatic). In this thesis, a computational approach was used to test two
hypotheses: (i) that there are substantial differences in the use of musical features and
dimensions between European countries considered to share a single musical style, and (ii)
that the musical features and dimensions used in the representative music of a country
(music that best symbolizes the culture of a country) are more similar in countries that
share a similar cultural, political, and historical background.

There were three justifications for employing not only traditional folk songs but also
children’s traditional folk songs and children’s songs. The first was that ‘non-representative’
songs, such as children’s folk songs and children’s songs, are typically ignored in cross-
cultural music studies because (it is considered) they add little to the study of human music.
The second aim was to determine how and to what extent these two genres contribute to
(dis)similarity between and within countries. The third reason was to demonstrate that
children’s folk songs and children’s songs are a distinct genre based on the musical features
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and dimensions they employ.

(Dis)similarities Between 22 European Countries

Using IDyOM and 16 viewpoints to examine three different genres, folk songs (FS), chil-
dren’s folk songs (CFS), and children’s songs (CS), similar relationships have been observed
between countries compared to other cross-cultural research studies that only examine one
genre. A feasible explanation could be the ‘assimilating’ or ‘merging’ of genres in a manner
analogous to how (sub)cultures adapt to a dominant culture.

Using hierarchical clustering, better results were obtained by combining the three gen-
res (FS, CFS, and CS) as opposed to employing them separately. The possibility exists
that particular songs belonging to a particular genre and transmitted from generation to
generation in a certain group of people with shared cultural norms and beliefs contribute
to the final formation of a distinctive musical identity at the ‘top-level’ - the population
level of a country, while retaining some of their original characteristics and expressions.

In the hierarchical cluster analysis-derived dendrogram (Figure 7.2), it was shown that
countries are grouped according to their similarities. The partition of the dendrogram into
two main clusters, revealed the historical, political, cultural, economic, and social roots
of the 22 countries, as well as their very specific and complex relationships, which can be
traced over a long period of time. The two major clusters show the conceivable coexistence
of two opposites from roughly the 15th to the 20th centuries: the Habsburg Empire (later
Austro-Hungarian) and the Ottoman Empire; Western and Eastern; Catholic and Muslim.

Surprisingly, similarities have been discovered between geographically distant countries
(e.g., between Slovenia and Latvia, between Sweden and Spain). It is possible that behav-
iors that were once thought to be the result of random cultural products reveal deeper,
more abstract connections between cultures. The existence of dissimilarity between ge-
ographically close countries (e.g., the Netherlands and Germany or Spain and Portugal)
indicates either (i) the absence (or abundance) of a common musical core or (ii) the fact
that the variability of individuals has manifested itself more strongly at the population
level.

According to the results, the 22 European countries, can not be considered as a ‘single
musical culture’ which is in accordance with the first hypothesis. The second hypothesis
was only partially confirmed, as similarities have been found between geographically distant
countries, and dissimilarities between geographically close countries.

(Dis)similarities Within 22 European Countries

The comparison of all the three genres (CFS, CS, and FS) within countries using 16
viewpoints, has shown statistically significant differences, confirming the importance to
observe the diversity in music not only between, but also within cultures. A detailed
analysis of the (dis)similarities between and within 22 European countries has shown that
within-country variability outweighs between-country variability.

The diversity found between these three genres is important, as neither children’s folk
songs nor children’s songs are (to date) considered to be a genre on its own. The detailed
analysis of these three genres within countries, and the differences found in the way how
musical features and dimensions are used, reveals how music is understood and processed
in the children’s society or in authors writing children’s music.

Small differences in the use of musical features and dimensions across genres within
some countries (e.g., Bulgaria and Denmark) and vast differences in others (e.g., France,
Germany, Portugal, Romania, etc.) can be understood in the sense that songs belonging
to a particular genre may undergo more or less random changes, depending on the cultural
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forces that diversify or homogenize musical genres within a country. These ‘cultural forces’
might be regarded as globalization, digitization, the cultural policy enforced by a country’s
government, a strong sense for the preservation of cultural heritage, etc. As it is (still)
unclear how cultural forces homogenize and diversify these genres, the hypothesis that
there are differences in the use of musical features and dimensions in genres regarded to
belong to the representative music of a given country was partially proven.

8.2 Future Directions

Segmentation of Music in Children of Various Ages: Experimental Ap-
proach

It is unclear how motifs with a high frequency of repetition vs distinguishing motifs that are
not repeated have an effect on the memorization of tones/phrases. It could be interesting
to compare motifs that are repeated frequently to those that are repeated infrequently in
more songs.

Future research could investigate why the breathing experiment’s issues (implicit har-
mony and sensitivity to contour on phrasing) appear to impair the perception of phrases
and phrase boundaries in the youngest group of children. In addition, it should be ex-
amined whether over-segmentation is associated with the fact that different age groups
interpret the same sound pattern (or song) differently.

Regardless of the fact that the songs used in this experiment were selected on pur-
pose and with utmost care due to their unique musical structure, having only three songs
was a certain limitation, as more songs with similar features could have shed more light
on previously mentioned topics. As an experimental approach is used with participants,
another limitation in future research would be the limited number of songs due to the
varying abilities (e.g., song memorization, concentration, etc.) of children of different ages
participating in the experiment.

Segmentation of Music in Children of Various Ages: Computational Ap-
proach

More research is needed to identify what factors influence how certain events are used in
the partitioning of music in different age groups, and why some musical features (higher or
lower order) are perceived to be more essential than others. The impact of song familiarity
on the perception of phrases and phrase boundaries, independent of age or experience,
is of special interest, as is the analysis of the (potential) impact of song familiarity on
over-segmentation. Future research is also intended to focus on all children’s (folk) songs
containing anacrusis, as it is unclear how anacrusis affects the perception of musical struc-
ture and its segmentation.

(Ir)regularity in Children’s Folk Songs from 22 European Countries

Future research with more musical feature variables could contribute to the explanations
of (ir)regularity in musical structure. As each genre is “not born in an empty space but in a
musical system that is already structured” (Fabbri, 1981, p. 57) means that a considerable
part of the rules that define e.g., folk songs, could be common to children’s folk songs
and children’s songs, and that individuals and/or community accepting (or denying) these
rules in a period of time contributes more or less to the (i)rregularity of the musical
structure giving more or less importance to various musical features. An in-depth analysis
of the origin of children’s folk songs would certainly contribute to the understanding of
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(ir)regularities found in the musical structure of this genre, and why irregular structure is
more frequently found in some European countries than in other European countries.

The (ir)regularity was evaluated using Corpus II. Due to the limited availability of
children’s folk songs from the remaining 21 countries, this Corpus contains 124 (out of 736)
German children’s folk songs. To achieve better statistical outcomes and representation
of (ir)regularity and to minimize statistical biases, future work will focus on adding more
children’s folk songs to this Corpus in order to train the model with a proportional number
of songs.

(Dis)similarities in the Use of Musical Features and Dimensions Across
and Within 22 European Countries

The best results (clusters) were produced when all three genres (folk songs, children’s
folk songs, and children’s songs) were combined, confirming their unique contribution to
the identification of a given culture without sacrificing their individual identities, as is
evident when all three genres are combined or used separately. In addition, the results
demonstrated that each of the three genres can be considered a distinct genre with its own
features and forms of expression. It remains unknown, however, how precisely each genre
impacts a country’s identity at the 'top-level,” i.e. to what extent and under what condi-
tions, and how intra-variability in countries affects the (dis)similarities between countries.
These concerns are still under discussion and will be the subject of a subsequent study.

In all three musical genres throughout the 22 European nations, there were differences
in the manner that musical features and dimensions were used, though to varying degrees
in some of these countries. An additional investigation of cultural forces (such as global-
ization, digitization, a country’s government-enforced cultural policy, the preservation of
cultural heritage, etc.) may provide more insight.
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