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Abstract

Music’s isolation from the kinds of survival pressures common in typical natural selection narratives,

the social and cultural capital musical preferences confer, and the apparent ubiquity of music across

human cultures throughout history make it a potential tool for modeling the structure and devel-

opment of human society more broadly. Investigating the provenance of musical functionality in

both psychological and sociological domains may offer crucial insights into the imperatives common

across human cultures.

This dissertation aims to start this ambitious project by focusing on the relationship among

musical genre, cultural psychology, and computational models of prediction and affect. First, I pro-

pose a culture-cognition mediator model of musical functionality, situating music as a crucial link

in the mutually constitutive cycle of cultures and selves, and discuss the implications of this model

on transdisciplinary music scholarship and the epistemology of musical function. I then discuss

experimental and conceptual instantiations of this model in three domains of musical functionality

and perception: syncopation, emotion, and genre. These implementations draw on Bayesian prob-

abilistic modeling; theories of affect valuation and mood regulation; and differential topology and

computational models of perceptual classification, respectively.
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Introduction

Music is a cultural product that is present in some form in almost every human culture. This near-

universality, combined with music’s reliance on cultural norms and structures, has placed music

scholarship in a peculiar and occasionally fraught position. The mere existence of music across

human society and throughout human history implies some degree of common ontology or purpose.

However, music is also deeply contextualized and highly specific, often defying analytical attempts to

establish a common structure. As a result, the utility of understanding music as a universal, rather

than a culturally mediated a context-dependent phenomenon, has been brought into question.

Such epistemological debates have consequences for the ontology of musical features and of music

itself. Musical parameters, even such fundamental ones as meter, tonality, and timbre, are increas-

ingly understood as culturally contingent (Kliuchko et al., 2019), rendering higher-order features

such as syncopation (Hannon, Soley, & Ullal, 2012; Witek, Clarke, Kringelbach, & Vuust, 2014)

and harmonic fit or closure (Brattico, Tupala, Glerean, & Tervaniemi, 2013) similarly dependent

on prior experience. Meanwhile, cognitive scientists have found increasingly compelling evidence

that low-level auditory phenomena, such as a preference for small-integer ratios in rhythm (Jacoby

& McDermott, 2017) and polyphony (Koelsch, Fritz, v. Cramon, Müller, & Friederici, 2006), are

remarkably consistent across cultural boundaries. The result is two parallel bodies of literature that

ought be linked by some unifying theory, given the near-universality of music itself, but are not.

This seeming paradox – that music is somehow both universal and specific, and that the sub-

sequent programs of research remain dissociated – has been the cause of no small consternation

within musicology.1 During the late 19th and early 20th centuries, the discipline of “comparitive

musicology” explicitly focused on studying what Haydon called “extra-European and folk music”

(Haydon, 1941, p. 237). Ethnomusicology emerged from comparative musicology during the 1950s,

and featured a definitional split between scholars who continued to define their field by the musics

they studied and those more concerned with the methodologies employed in their research (Mer-

riam, 1977). This shift towards explicit considerations of alternate epistemologies was by no means

exclusive to ethnomusicology. During the latter half of the 20th century, the emergence of “new

1While this dissertation itself is not an analysis of the history of the musicological field, an understanding of past
debates and controversies is nevertheless necessary to ground the specific project described in these pages.

1



2

musicology” placed increasing focus on the cultural and social contexts of music, as well as on its

modes of production and reception. These methods ranged from Small’s polemical redefinition of

music as an act (Small, 1998) to McClary’s (McClary, 1991) and Bohlman’s (Bohlman, 1993) focus

on music’s political agency.

Like all epistemological stances, this general movement was not without its blind spots; in 2003,

for instance, Agawu critiqued ethnomusicology for reifying non-Western musics as musical “others”

and perpetuating what he saw as a colonialist distinction between functional and contemplative

musics (Agawu, 2003). Nevertheless, a few years later, Cook confidently asserted that musicology

was, in fact, a subdiscipline of ethnomusicology (Cook, 2008), a claim which has retained enough

continued relevance and polemical power to be the subject of critique and debate in a recent collection

of articles in the Journal of Musicology (Amico, 2020; Fox, 2020; Schultz, 2020; Waltham-Smith,

2020).

Throughout, musicology has taken several “turns,” pivoting from the study of the musical object

to the study of its practice or what Abbate, drawing on her own translation of Jankélévitch (2003),

called music’s “drastic” or performed and physically-instantiated properties (Abbate, 2004), and

then again to an explicit consideration of the sociocultural (Born, 2010). In each case, the turn

was presented by its proponents as an epistemological course correction made necessary by an

evolving understanding of music’s ontology. The practice turn aimed to de-emphasize the reification

of the music-object, instead asserting that it does not exist outside the act of its creation. Later

the sociocultural turn defines music as contingent on its context and essentially meaningless as

a decontextualized object or practice. However, these ontological disagreements are couched in a

broader epistemological concern: the explicit written arguments revolved less around the nature of

music or of culture than the nature of musicology.

Other concurrent debates concerned music’s ontology more explicitly, most notably the con-

troversy surrounding Pinker’s assertion that music was “auditory cheesecake”: a confection that

masterfully titillates cognitive capacities which evolved on their own, but serves no direct evolution-

ary purpose itself (Pinker, 1997). In Agawu’s parlance, Pinker was claiming that music was never

functional, at least from the standpoint of biological evolution. This was met with rapid critique

from music scholars positioning music as a crucial component of what Cross calls the “human ca-

pacity for culture” (Cross, 2008), representing something of a cultural turn within music cognition.

In the years since, many researchers have established empirical links between musicality and social

function, ranging from studies showing joint music-making leads to increased cooperation (Rabi-

nowitch, Cross, & Burnard, 2013; Rabinowitch & Knafo-Noam, 2015) to direct applications of music

in therapies for developmental disorders associated with impaired social function (Lense & Cama-

rata, 2020; Lense & Dykens, 2016). The debate over the evolution of music has moved on to the

specific capacities enhanced by musicality that would lead to its evolution, such as whether music is

chiefly involved in social bonding (Savage et al., 2021) or interpersonal signaling (Mehr, Krasnow,
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Bryant, & Hagen, 2021). Within the constrained professional space of music cognition research, it is

increasingly accepted that if music is auditory cheesecake, then cheesecake is a staple of the human

evolutionary diet.

And yet, this research still relies on strong assumptions about the ontology both of music and of

culture. Does group musicking, to borrow from Small’s definition of music as an action (Small, 1998),

include all forms of music? Need there be instruments involved? Does engaging in a performance

of a play by Berthold Brecht, with it’s accompanying Kurt Weill score, also promote affect-driven

pro-social behavior, even though Brecht’s theory of theatrical practice explicitly sought to prevent

his audience from engaging with his work on an emotional level, preferring that they think critically

about what they have observed (Féral, 1987)? If not, then are such actions truly musical? So far

as culture is concerned, if all music exists within a cultural context, then how can we account for

that context when seeking to understand its universal features? How is culture parametrized? Can

it be?

I do not propose, in this dissertation, to definitively answer these questions. It is unclear if

definitive, stable ontologies of either music or culture are attainable or even desirable, especially

as the imperative for cross-cultural research in musicology becomes ever clearer (Jacoby et al.,

2020). Rather, I will present a conceptualization of music, reliant on existing models of culture,

that is useful for the specific purpose of unifying the twin dualities intrinsic to the debates described

here: music’s paradoxical universality and concurrent specificity, and its hybrid functional and

contemplative nature. This conceptual model relies heavily on computational methodologies for

the explicit purpose of bridging some of the disciplinary and epistemological divides evident in

modern musicology. Like all models, it smooths over several key aspects of music; where relevant,

I will make these glosses explicit. It is also strongly transdisciplinary, drawing heavily on cultural

psychology, theoretical mathematics, computational sociology, and cognitive neuroscience, as well as

music theory and musicology. The final chapter of this dissertation contains a discussion of future

directions this program of research will take.



Chapter 1

The Culture-Cognition Mediator

Model

1.1 Introduction

At some point, the adage that music and mathematics are intrinsically connected passed into the

popular lexicon. When a mathematician is revealed to be a skilled musician, it elicits little sur-

prise. On occasion, this connection is explained by referencing the intrinsically logical nature of

mathematics that has made it a favorite mechanism for speculative fiction writers and (until fairly

recently) researchers in the search for extra-terrestrial intelligence alike to facilitate conversation

between humanity and other species. This perception of mathematics as irreducible truth, or a kind

of universal ontology, is then presented as analogous to a similarly popular perception of musical

structure as equivalently logical. As if to bolster this argument, music has frequently been referred

to as a “universal language,” an appellation often attributed to Longfellow (Longfellow, 1835) which

has survived to the present day, as evidenced by a recent spate of press releases and news articles pro-

claiming that new studies had demonstrated music’s universality (Reuell, 2018; Wida, 2020). But in

music’s case, this has the same internal logic as asserting that language itself is a universal language:

while music is everywhere, musics are often not mutually intelligible or even mutually recognized as

music (Bohlman, 1999).1 Even the studies referenced in those press releases emphasize the ubiquity

of some recognizably music-like phenomenon and certain function-specific similarities, not mutual

intelligibility (Mehr et al., 2019), leaving ample room for significant differentiation between musics.

This specificity is due to music’s status as a cultural product, or a “public, shared, and tangible

[aspect] of culture” (Morling & Lamoreaux, 2008, p. 201). Indeed, contemporary musicology often

leverages music to investigate social or historical conditions (e.g. Casadei, 2016; Frolova-Walker,

1I am far from the first to raise such a point, and as it is not the central thesis of this essay, I will not dwell on it.
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2016; McClary, 1991), provide windows into distinctive features of other cultures (e.g. Fox, 2004;

McDermott, Schultz, A.Undurraga, & Godoy, 2016), or assess political climates (e.g. Rossman,

2004; Shepler, 2010). Recently, scholars have begun explicitly seeking cross-cultural approaches to

music cognition as well (Jacoby et al., 2020).

However, such a construction situates music as a passive reflection of cultural norms and prac-

tices, a sort of measure or index for culture. This stands in stark contrast to the way culture is

conceptualized in cultural and developmental psychology as co-integral with the psyche. In this

view, cultural products do not simply reflect cultural norms but actively shape them (Koopmann-

Holm & Tsai, 2014; Markus, Uchida, Omoregie, Townsend, & Kitayama, 2006), influencing both

the outsider’s perception of a culture and the internal states of that culture’s members. These

scholars emphasize the bidirectional causality of nature and nurture, or of the individual and their

environment, defining the individual as an initially indiscriminate learner whose continued learning

is shaped by their prior knowledge. Cultural products such as music, then, are crucially important

in actively shaping both an individual’s psyche and their culture.

Here, I will present an ontological theory of music that situates it explicitly in the mutually-

consitutive cycle of cultures and selves. This theory is not exclusive, nor is it necessarily of utility in

every circumstance. However, it unifies music cognition with several other disciplines, most notably

cultural psychology, developmental psychology, and computational sociology. It is also girded by

substantial evidence of cognitive and sociocultural musical functionality, and carries some powerful

implications for the cross-cultural analysis of musical structure. In short, while it suffers from the

same incompleteness as all conceptual models, it is useful and, therefore, at least worth consideration.

In this chapter, I will first turn to an even more fundamental ontological question, addressing

what is meant by “culture” from a variety of disciplinary standpoints. Then, I will introduce key

concepts from developmental psychology and Bayesian cognitive modeling that are relevant to the

topic of music’s role in the mutually constitutive cycle of cultures and selves. Next, I will introduce

the model itself, discuss the inference structures underpinning its operation, specify its relationships

to existing models both of music and of cognition, and describe its innovations. Lastly, I will review

existing empirical evidence supporting the model and discuss its epistemological and ontological

implications, particularly for research on the origins or functionality of music.

1.2 Defining culture

Defining culture is a venture fraught with pitfalls, especially for a discipline such as psychology

that has historically focused primarily on internal states (Morling & Lamoreaux, 2008). As a result,

scholars in cultural psychology have been engaged in a long-running debate regarding the ontology of

culture. In the early years of the 21st century, this debate focused on issues of the reification of culture

as a static phenomenon, much as musicology was struggling with the inter-cultural comparability
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of musics. One notable entry to this debate was Hermans’s theory of the dialogical self (Hermans,

2001). Hermans relies on two concepts: James’s distinction between I and Me/Mine as forms of

self-knowledge or knowledge of the self, and Bakhtin’s idea of the polyphonic novel, which draws

on Dostoevsky’s narrative structures as exemplifying the construction of a reality – in this case,

the novel itself – as a dialogue among disparate agents. Some of these agents are manifestations of

different self-concepts, on occasional featuring characters conversing with their past selves or their

inner demons. To Hermans, these concepts are closely related and indicative of a more generalizable

version of the self as a dynamic object in constant dialogue with itself and with its surroundings.

Seen through a musical lens, the metaphor of polyphony is both telling and somewhat prob-

lematic. As Benson points out, Bakhtin’s use of “polyphony” is closer to the musical concept of

“counterpoint” (Benson, 2003; Delazari, 2019), a concept which in fact refers to a specific type of

compositional technique. In other words, it is possible to have polyphony without counterpoint,

and even possible to have counterpoint without polyphony, as in the cases of implied counterpoint

in J. S. Bach’s compositions for solo violin (S. Davis, 2006). This musical specificity implies that,

if this metaphor is to be taken at face value, its scope is necessarily limited. Not all polyphony

is dialogic in nature. In addition, many musics do not possess melodic polyphony, even while em-

ploying multiple interlocking musical parts. These realities complicate the polyphonic metaphor,

implying it is perhaps better recast as a theory of the contrapuntal novel, which draws on a much

less universal musical device than polyphony. Hermans does not engage at all with the musicality

of this metaphor, instead transmuting it entirely into the literary sphere best-suited to his argu-

ment about cultures and selves. In addition, historical analyses of Bakhtin’s theory (incidentally, a

quintessentially Bakhtinesque approach) have recently emphasized the parallels between his focus

on polyphony over historicity and broader shifts in Soviet artistic philosophy (Zhang & Yu, 2021).

But these arguments are, in some ways, beside the point. After all, Hermans was not proposing

this model as a philosophical enquiry or semantic dissection; rather, his intent was to propose

a framework that would enable the empirical study of cultures and selves from a psychological

basis. And Hermans’s model was immediately (within the same volume, in fact) contested from

within psychology as well. The most incisive such critique was levelled by Adams and Markus

(2001), who lauded it as a valuable shift away from the essentialist views of cultures and selves at

that time dominant in the field, but critiqued it for persisting in reifying cultures as static objects

in dialogue with selves. Instead, they rely on Kroeber and Kluckhohn’s definition of cultures as

“explicit and implicit patterns of historically derived and selected ideas and their embodiment in

institutions, practices, and artifacts” (Kroeber & Kluckhohn, 1952, p. 357). To Adams and Markus,

this formulation of culture preserves the fluidity necessary to avoid the trap of reification, while

retaining the dialogic properties they found so attractive in Hermans’s conceptualization. They also

acknowledge an irony of interdisciplinarity: just as they were proposing theoretical frameworks for

the explicit study of culture, anthropology – a field that, as Shweder (1999) points out, is deeply
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intertwined with cultural psychology – was moving away from exactly such a formal analysis.

On a purely methodological level, this shift to the direct study of culture (whether as a pattern or

an entity in dialogue with the self) was accompanied by an increased emphasis on cultural products

as both instantiations and progenitors of a culture’s values. Such a focus parallels developments in

fields such as comparative literature, where scholars like Chen proposed literature as a key aspect

of constructing cultural identities in communities of the Chinese diaspora (Chen, 2006, 2015), but

retains a uniquely psychological flavor by insisting on the direct causal link between culture and

psyche. For instance, research in cultural variation in the valuation of affective states often focuses

on the ways emotion is coded in cultural products such as children’s literature (Tsai, Louie, Chen,

& Uchida, 2007) and religious texts (Tsai, Miao, & Seppala, 2007). In each case, these expressions

are linked to specific characteristics both of affect valuation and cultural values, particularly on the

individualism-collectivism continuum so often at the center of cross-cultural theories.

1.2.1 Related models

Most psychological research on inter-cultural comparison relies on the distinction between individ-

ualist cultures, which emphasize self-suffiency and independence, and collectivist cultures, which

prioritize cooperation and cohesion (Hofstede & Bond, 1988). These labels are neither dichotomous

nor one-dimensional; theorists have defined up to six dimensions necessary to measure individualism-

collectivism, all of which are continuous variables on which cultures may take any value between the

extremes (Fatehi, Priestley, & Taasoobshirazi, 2020; Singelis, Triandis, Bhawuk, & Gelfand, 1995).

On an individual level, this distinction is often operationalized as a difference in self-construal, or

the concept of the self. Individualist cultures, such as most European American cultures, feature

strong beliefs of the self as separate from one’s social context, while collectivist cultures such as

Asian cultures feature a self-construal that is more concerned with one’s relationships with others

and roles and responsibilities in those relationships; this has been characterized as a distinction

between an independent self-construal and an interdependent self-construal (Markus & Kitayama,

1991), and maps onto the extremes of the individualistic-collectivistic continuum.

Over the past decade and a half or so, cultural psychology researchers have sought more ac-

curate and reliable measures of self-construal than the self-report surveys at the foundation of the

theory (Kitayama & Salvador, 2017). This has motivated a shift into developing both behavior

coding measures and neurological indices of cultural variation in self-construal. Some of this work

concerns neuroanatomical organization: for instance, Zhu et al (2007) demonstrated that the neural

representations of self and specific others differ between independent and interdependent cultures,

particularly in the activation of the medial pre-frontal cortex (mPFC). Additional work in this area

has concerned broad measures of neuroanatomy such as the volume of specific cortical regions (e.g.

Kitayama et al., 2017).
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Others concern specific forms of neural activity. Most commonly, these projects focus on event-

related potentials (ERPs), or specific neural signatures associated with discrete events such as mu-

sical chords, words, or visual stimuli. Some examples include the event-related negativity, known to

vary with task motivation, which has been shown to index the degree of interdependence in partic-

ipants’ self-construal (Kitayama & Park, 2014); the late positive potential associated with emotion

suppression, which vary both with degree of interdependent self-construal and cultural background

(Kraus & Kitayama, 2019); and the N400, often linked to identifying semantic incongruity between

a presented and expected word, which was shown to be heightened by congruity between a word

and an expected personal trait in European-Americans but entirely absent in Asian-Americans (Na

& Kitayama, 2011).

These approaches aim to demonstrate a measurable impact of nurture on nature, as operational-

ized in neural function, and they rely on previously established associations of particular ERPs

or neural regions with aspects of behavior plausibly linked to self-construal. They do not explic-

itly model the emergence of cultural distinctions in self-construal, instead sampling from the end

product of a complex developmental process; as a result, they only speak to the causal influence of

culture on self and its potential neurological ramifications. However, they are of significant relevance

to understanding the potential role of music in this mutually-constitutive cycle, since each of the

phenomena they assess – the event-related negativity (Proverbio & Bellini, 2018; Proverbio, Cozzi,

Orlandi, & Carminati, 2017) and the similar feedback-related negativity (Huberth et al., 2019), the

late positive potential (Spreckelmeyer, Kutas, Urbach, Altenmüller, & Münte, 2006), the N400 (Dal-

trozzo & Schön, 2009; Steinbeis & Koelsch, 2008), and mPFC activation (Janata, 2009) – have also

been observed in musical contexts. This implies that there is some overlap between the underlying

neurodynamic processes and neuroanatomical structures associated with music and with the kinds

of self-construal known to vary between cultures.

Cultural psychology and neuroscience are not the only fields to emphasize either the cyclic

nature of the culture-self relationship or its fluidity. For several decades, computational sociology

has amassed considerable evidence that the network of interpersonal connections that makes up

human society resembles a small-world network. These are networks characterized by a low average

degree (each individual only has a few connections), high clustering (each individual’s connections

are likely connected to each other), and low diameter (it takes relatively few connections to get from

any individual to any other individual). Many theories of social function rely on this underlying

structure rely on a clustered social structure akin to small-world networks, while others, including

Granovetter’s emphasis on the role weak ties between individuals play in knitting together networks

(Granovetter, 1973) and Breiger’s analysis of structural roles in social networks (Breiger, 1974; Lee

& Martin, 2018), emphasize the ways in which such clustered network topologies create different

social roles for individuals to fill. However, these theories are all descriptive, aiming to analyze

mature networks that resemble those observed in real social interactions.
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Within the last five years, social network theorists have begun devising models that can generate

social clustering. Most relevant among these for my purposes is the associative diffusion model,

in which individuals alter their associations among values, characteristics, practices, and products

based on the associations of their connections and modify the strength of their connections based on

similarities and differences in their associations (Goldberg & Stein, 2018). This algorithm has been

shown to generate clustered, small-world structures, even when starting from unbiased connections

and associations. The analogies between associative diffusion and cultural psychology’s mutually

constitutive approach to culture are clear. Groups of people are not determined a priori, but are

instead associated with emergent patterns of associations between cultural products and practices.

Notably, the association vectors produced by associative diffusion are numerical manifestations

of cultural patterns meeting the standard laid out by Adams and Markus (2004). In this sense, asso-

ciative diffusion is a computational operationalization of the mutual constitution of culture-patterns

and selves that produces graph structures similar to those observed in real-world social networks.

Cultural psychology is, by its nature, an interdisciplinary discipline – perhaps it could be called

an interdiscipline – so it is unsurprising that such parallels exist. However, associative diffusion

is strikingly limited in at least one very specific domain: its model for how individuals learn their

peers’ associations between norms and practices, and how they use that knowledge to alter their

own associations, is objective. Each individual can only observe a small set of associations for their

peers, but those observations are perfectly accurate. In reality, each observation is fundamentally

subjective, filtered through dense layers of prior experience and representation (Lord, Ross, & Lep-

per, 1979; Ross, 1977). People are not perfect observers, and cultures are not perfectly consistent,

so a theory of learning that accounts for these imperfections while also embracing the mutually

constitutive relationship between individuals and environments is necessary.

1.3 Learning and development

This continual, mutually-constitutive dialogue between individuals and their environments is also

a hallmark of contemporary approaches in developmental psychology (Currie, 2019). In a develop-

mental context, this is often referred to as the “nature vs. nurture” debate. However, over the last

several decades, there is an emerging consensus within developmental psychology that nurture be-

comes nature over time, and that children internalize the influences of their environments (Hosken,

Hunt, & Wedell, 2019; McClearn, 2004).

Perhaps the clearest instantiation of this process is Sameroff’s unified theory of development

(Sameroff, 2010). He situates this model in the broader context of developmental psychology’s

shifting focus on internal or external factors in child development, applying a kind of meta-analysis

to his discipline itself. In particular, he notes the similarities between this evolving disciplinary

balance and his own transactional model of development (Sameroff & Chandler, 1975), in which
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Figure 1.1: Schematic of the biopsychosocial ecosystem (from Sameroff 2010).

“the development of the child is a product of the continuous dynamic interactions of the child and

the experience provided by his or her social settings” (Sameroff, 2010, p. 16). The unified theory

merges the transactional model with two other established models of child development – what he

calls the “personal change” model, as typified by Piaget (Piaget, 1964, 1972), and Bronfenbrenner’s

ecology of human development (Bronfenbrenner, 1977, 1986) – to produce an account of what he

calls the “biopsychosocial aspects of the individual in context” (p. 17) driven by an evolving state

of cognitive equilibrium. When either internal changes, such as the ability to synthesize multiple

cognitive capacities, or external changes, such as the shift to being in school all day, exert pressure on

a child’s biopsychosocial ecosystem (Figure 1.1), they undergo qualitative shifts in their development

(Figure 1.2).

One observable example of this phase shift is alterations in children’s representations of the

world around them. As children progress through development, their ability to create abstract

representations of sensory objects changes, allowing both for broader generalization (e.g. the ability

to tell that lots of things are all “dogs”) and increased specificity (e.g. the ability to tell that

some four-legged animals with fur are not “dogs”). This process is continuous, but characterized by

discrete qualitative phase shifts akin to those shown in Figure 1.2.

Sameroff’s unified model belongs to a broader class of systems theories of child development, all

of which propose that development is driven by a dynamic integration between nature and nurture.

These approaches have found productive use in a variety of contexts, particularly in studies of

childhood trauma and developmental disorders, along with their treatment methodologies.2 For

2The fact that much of this research focuses on negative consequences of environmental or biopsychological condi-
tions is a reflection of what can be easily observed, rather than a full accounting of the phenomena systems theories
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Figure 1.2: Schematic of Sameroff’s unified theory of development (from Sameroff 2010).

example, chronic stress has been shown to cause shifts in the allocation of neural resources away

from regions associated with internal behavior and mood regulation (the prefrontal cortext and

hippocampus, respectively) and towards areas linked to anxiety and fight-or-flight responses such

as the amygdala (Shonkoff et al., 2012). Aspects of the child’s physical environment have been

linked to impeded neuroanatomical development and reduced mental health, alongside sociocultural

factors such as the nature and strength of a child’s peer network during adolescence (Becht et al.,

2020; Schreuders, Braams, Crone, & Güroğlu, 2021). These results have led researchers to argue

for a broader contextualization of individual differences in neural function and mental health within

the child’s social and environmental context (Ferschmann, Bos, Herting, Mills, & Tamnes, 2022).

On the therapeutic side, the interaction between a child’s environment and their neurocognitive

development has been the focus of several intervention approaches. Providing support and stability

for caretakers, an intervention explicitly targeting the child’s “Other” rather than their “Self,” has

consistently been recommended as a therapeutic practice to maximize childrens’ resilience (Luthar

& Eisenberg, 2017). Systems theories have also been expanded into designing early-intervention

programs for at-risk children, both providing a theoretical explanation for their efficacy and offering

potential routes to expand their application (Guralnick, 2011).

In general, this points to a gradual collapse of the firm dissociation between nature and nur-

ture and its replacement with a view of environment (nurture) and self (nature) as dynamic and

inextricably linked. Notably, this unified theory of development is strongly analogous to the mutual

describe. This is similar to the dominance of lesion studies in determining the functions associated with specific brain
regions, and is driven by the same underlying constraint: it is easier to detect the absence, degradation, or alteration
of a capacity than to detect its presence.
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constitution of cultures and selves. It differs primarily in its explicit concern with development,

while mutual constitution operates at all stages of life. But the underlying structure – the self is in

constant dialogue with the environment – is identical.

1.4 Bayesian cognitive modeling

The final piece necessary to construct a functional theory of music in this cycle of mutual constitution

is a model of cognitive inference capable of incorporating learned representations and cultural norms

within a sensory framework. Most cognitive models fall into two broad categories: connectionist

models and Bayesian models. While both approaches have substantial empirical support, they use

very different mechanisms and draw on equally distinctive conceptual views and analytical frames.

Connectionist cognitive models attempt to mirror actual neural activity by constructing artificial

neural networks (ANNs). While some varieties – most notably spiking neural networks (Maass,

1997) – aim to build biologically-plausible models of neural activity, many modern connectionist

models rely on learning methods such as backpropagation, or the adjustment of connection weights

to minimize how wrong the output is (Rumelhart, Hinton, & Williams, 1986), which have been

criticized as “unbiological” (Mazzoni, Andersen, & Jordan, 1991). The resulting models are both

incredibly powerful and notoriously difficult to unpack: connectionist approaches are often criticized

for their “black-box” tendencies, as it is difficult, if not impossible, to interpret the structure of a

trained neural net in a way that provides useful information about the system such a neural network

represents, even though it is increasingly plausible to design models that are both accurate and

interpretable (Rudin & Radin, 2019).

Within cognitive science, connectionist approaches remain among the most powerful tools for

modeling localized neural activity (e.g. Yamins & DiCarlo, 2016; Zhuang et al., 2021), and have

been proposed as useful tools for understanding the activity of neuronal populations (B. A. Richards

et al., 2019). However, they lose efficacy at higher orders of cognition for a variety of reasons. For

example, Tenenbaum et al. contend that connectionist models cannot encode complex symbolic

information, which humans can at all stages of development (Tenenbaum, Kemp, Griffiths, & Good-

man, 2011). Put simply, behaviors at the level of culture are simply too far removed from neurons

for a biologically-plausible neural model to be of much use, and while neural nets divorced from

actual neural function may be powerful computational tools, they offer few insights into the inner

structure of the process they represent.

Bayesian cognitive models, on the other hand, bypass the neural level of analysis entirely, instead

focusing on modeling abstract knowledge directly (Tenenbaum et al., 2011). Because they operate

at a different level of analysis – I use this term here in the same sense as Marr (1982) – than

connectionist approaches, Bayesian models are built on a observations about behavior rather than

neural activity. In particular, Bayesian theories of cognition view inference as a core mechanism of
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cognition, rather than as an outcome.

While it relies in practice on the mathematical formulation of Bayes’s Rule, Bayesian infer-

ence is primarily a conceptual approach. Bayesian theories rely on two core assumptions: that all

perceptions or knowledge are conditioned on prior perceptions or knowledge, and are therefore fun-

damentally subjective (de Finetti, 2016)3; and that each new subjective experience becomes prior

perceptions or knowledge for future experiences (Jeffrey, 1992). The mechanics of Bayesian models

are simply computational manifestations of these two premises. In the case of music, then, each

individual’s (necessarily subjective) experience of a piece of music is determined by intrinsic prop-

erties of the music itself conditioned on that individual’s prior musical experiences and metamusical

knowledge. That (subjective) experience then informs how they experience the next piece of music

they encounter.

Such an inference structure incorporates both culture and learning within one computational

framework. Under a Bayesian remit, culture is codified as prior knowledge, while learning is imple-

mented as the process of updating that prior knowledge. This structure is not without its pitfalls.

For example, culture often has impacts on people’s behaviors and beliefs outside the scope of prior

knowledge. Bayesian theories of extended cognition can account for this by expanding the scope of

prior knowledge to include contextual affordances, but doing so runs the risk of sacrificing nuance

and precision in the characterization of cultural pattern as a distinctive force. However, their unique

capacity to flexibly incorporate culture and learning within a music-specific context make Bayesian

approaches particularly useful for unpacking the functional role music plays in the development and

construction of culture.

1.5 Music as a culture-cognition mediator

The model of music I propose here is built on a foundation of existing theories of music as a

mediator. From Adorno’s dialectics (Adorno, 2002) to Born’s concept of a mutliply-mediated music

(Born, 2005) and the actor-network theories of Latour (Latour, 1996, 2005), Hennion (Hennion, 2003;

Hennion & Muecke, 2016), and Piekut (Piekut, 2014), framing music as a mediation has been very

well-established. These approaches to musical mediation are particularly focused on social, historical,

or anthropological mediations, and are principally concerned with the ways music stitches together

a constellation (to use Adorno’s term) of human and non-human actors. The model presented here

builds on this foundation, applying similar analytical techniques on a similar network structure while

situating music explicitly as a mediator among cognitive capacities and cultural abstractions. In

doing so, I hope to expand on Born’s (2011) examination of the materiality of music – and the

related materiality of culture – by focusing on the non-material and not-necessarily-material aspects

3There are objective varieties of Bayesian theory (e.g. Rosenkrantz, 1977), although I agree with critiques such
as Seidenfeld’s (1979), which question the validity of determining a priori that some prior knowledge is intrinsically
superior to others.
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Figure 1.3: The culture-cognition mediator model.

of each. As a result, while I engage heavily with questions of the social, my frame of reference is

psychological, rather than anthropological.

I propose that musical features are culture-specific instantiations of universal cognitive constraints

that are themselves observable in both musical and non-musical contexts. Furthermore, exposure to

music alters both the listener’s internalized cultural norms and the parameters of their cognition. A

schematic of this model is shown in Figure 1.3.

For instance, there is experimental evidence that beat induction, or the ability to detect a regular

pulse in auditory stimuli, may be an innate cognitive capacity (Honing, Ladinig, Háden, & Winkler,

2009; Winkler, Háden, Ladinig, Sziller, & Honing, 2009). However, the related phenomenon of

meter induction, which involves inferring an hierarchical organization of auditory beats, is reliant on

learned prior knowledge about the temporal organization of music, particularly how it is connected

to language (Gordon, Magne, & Large, 2011; Hannon & Trehub, 2005; Patel, 2003). This implies

that the musical feature of meter, or the hierarchical organization of beats into “strong” and “weak”

types, relies both on innate beat-tracking capacities and acquired cultural knowledge. Meter will be

investigated more thoroughly in Chapter 2 of this dissertation.

This model is effectively an extension of the mutual constitution of cultures and selves (Markus

& Kitayama, 2010). Since music is a cultural product that is frequently very culturally-specific in its

features, those features themselves are both dependent on and formative of the cognitive priors that

makes them effective. In other words, music’s psychological impact makes use of cognitive schema
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which music constructed. This results in a causal loop, where prior musical exposure shapes an

individual’s response to new musical stimuli, which in turn alters their interpretation of their prior

music exposure. It also situates music and other cultural products as mediators between culture

and cognition, providing a concrete mechanism by which cultural norms can influence cognitive

constraints and vice versa. In so doing, cultural products such as music allow learned, culture-

specific parameters to, over time, become internalized as cognitive precepts themselves.

By framing musical features as instantiations of cognitive facilities that are not music-specific, it

may seem that I run the risk of defining music out of existence as a distinctive phenomenon in human

society. However, this is in truth nothing more or less than a natural extension of the constructivist

views that are increasingly common across the social and psychological sciences. In fact, it is a

hybrid of developmental constructivism, with its focus on the ways individuals acquire and interpret

knowledge (Gelman, 2009; Sameroff, 2010), with constructionist views of cognitive constructs such

as emotion, which posit that they are formed from the interaction of more fundamental psychological

building blocks (Gendron & Barrett, 2009; Lindquist, MacCormack, & Shablack, 2015; Lindquist,

Siegel, Quigley, & Barrett, 2013). Also, framing music as a construct of cognitive, social, and cultural

parameters does not make it any less unique; it simply ties music firmly to the operation of human

society and the human brain. If music were not so constructed, then it would not be as efficacious

as it is.

1.5.1 The musical inference structure

Situating music at this particular intersection implies an inferential structure always incorporating

both low-level sensory processes and cultural priors. This is because each musical feature is fun-

damentally an inference or decision made about the music. Seen this way, the distinction between

relatively low-level musical features such as dissonance and more complex ones such as allusion can

be implemented as differences in the weighting between immediate sensory data and learned priors.

Crucially, priors are always a factor in these decisions; even concepts with some psychophysical jus-

tification, such as dissonance and octave equivalence, are music- and culture-contingent. Artists and

creators implicitly invert this inferential process when crafting their musics, attempting to create a

piece that leads to particular inferences on the part of the audience.

This process can itself be represented as its own cycle, drawing on Lerdahl’s theory of separate

grammars, or sets of priors, for a music’s creator and its audience (Lerdahl, 1992), and synthesizing

it with McClelland’s complementary learning systems theory (Kumaran, Hassabis, & McClelland,

2016; McClelland, 1998; McClelland, McNaughton, & O’Reilly, 1995). The result is the system

shown in Figure 1.4. In this model, a work is created by a composer operating from their own

prior knowledge or context, including assumptions they make about their likely audience, which

combines with their intended response in an inferential process leading to the work itself. This work
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is then perceived by a listener, mediated through a variety of cognitive functions ranging from low-

level auditory perception to the initial affect-related activity in the limbic system. Many of these

responses are driven by aspects of the listener’s own prior knowledge or context, which lead them

to make inferences about the work. However, the listener’s prior knowledge is continually being

modified by their experience of and inferences about the work itself, leading to an ongoing cycle

of real-time learning. In Figure 1.4, the inference process is represented by arrows leading from

cognitive capacities and listening context to listening inference and interpretation. The learning

process is depicted as arrows pointing from cognitive capacities and interpretation back to the

listening context, and top-down influences of inference on perception are shown in the bidirectional

links between cognitive capacities and both the listening inference and interpretation.

While the process depicted here is broadly similar to that described in the original schematic

of the culture-cognition mediator model, it serves to highlight two crucial aspects of this approach

that the simpler schematic avoids. First, it explicitly separates the inference process of a work’s

creator and the inference process of that work’s audience. This separation emphasizes the crucial

role of music as a communicative mediator in the kinds of social interactions necessary for the

development of culture and specifies that these interactions cannot happen without some medium

like music. Second, it emphasizes the Bayesian foundation of the culture-cognition mediator model

by locating the inference at the intersection of short-term and long-term memory systems. By

doing so, this representation firmly situates the culture-cognition mediator model within broader

disciplinary dialogues surrounding both the communicative role of the musical work (Cross, 2014;

Feld, 1984) and the combined cognitive and contextual situatedness of inference and decision-making

(Constant, Clark, & Friston, 2021; Tomasello, Carpenter, Call, Behne, & Moll, 2005; Veissière,

Constant, Ramstead, Friston, & Kirmayer, 2020).

For the remainder of this dissertation, I will use the original depiction of this model for simplicity.

However, the inference process shown in the more complex depiction underpins these discussions,

and will be referenced directly when discussing probabilistic or computational models of the musical

features being studied.

1.5.2 Specifying cognition

It should be noted that, at first glance, the culture-cognition mediator model positions music between

a component of an individual’s environment (culture) and a component of their biology (cognition).

By doing so, it remains unclear where, precisely, the self is located. However, this mismatch is due to

a lack of specificity in how cognition is defined. Contemporary approaches to cognition increasingly

treat it as a much broader phenomenon than simply the actions of neural populations. Some modern

philosophies of cognition explicitly account for phenomena such as embodied, extended, or social

cognition as vital components of the broader cognitive process that are inextricable from neural

activity (A. Clark, 2009), although the more radical of these extensions have been critiqued for their
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Figure 1.4: Inference structure in the culture-cognition mediator model (adapted from Fram 2021).

overgeneralization and implausibility (Wilson, 2002). The culture-cognition mediator model follows

in that vein of thought, framing cognition as the totality of conscious and unconscious processes,

neurological and otherwise, which enable an individual to gather and interpret knowledge.4

Even such a definition does not encapsulate the full panoply of processes and features that make

up the self. However, it is not intended to. My argument here is not that music mediates the entire

cycle of mutual constitution; rather, I claim only that music mediates part of it.

1.5.3 Innovations of the model

The culture-cognition mediator model proposed here contributes several critical innovations. It

extends existing mediator frameworks into abstract and cognitive domains and conceptualizes me-

diation as an iterative, bidirectional, and asymmetric process, in which the links in one direction do

not have to be mirrored precisely in the other. In addition, it emphasizes how established aspects of

musical functionality (e.g. mood regulation, social bonding, etc.) are components of a broader func-

tional cycle. The strong interconnectivity of this cycle implies that there is almost always significant

overlap in the cognitive, cultural, or musical features involved in any given musical function, which

explains why musical functions are difficult, if not outright impossible, to isolate. Lastly, it provides

an explicit conceptual justification for expanded transdisciplinarity among cognitive science, social

science, and humanities research.

4It should be emphasized that this view of cognition is fundamentally procedural, not existential; cognition is
comprised of processes, not the entities or substrates that facilitate them.
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1.6 Evidence for music as a culture-cognition mediator

By construction, this model posits that music facilitates two broad causal effects: the ways in

which the self, particularly cognitive aspects of the self, influence the patterns of culture; and the

ways in which those cultural patterns influence the cognitive aspects of the self. While additional

research explicitly grounded in the culture-cognition mediator model is necessary to test nuances

of the theory, there already exist ample data supporting music’s role in both directions of this

mutually-constitutive process.

1.6.1 From culture to cognition

Music’s broad conceptualization as a “technology of the self” (DeNora, 1999) is strikingly similar

to the way music is framed in this half of the mutually-constitutive cycle, and has led to research

establishing several core aspects of musical functionality. One of the most commonly cited functions

of music is mood regulation. There is extensive evidence both that music is utilized for mood

regulation at all stages of development (Saarikallio, 2011b; Saarikallio & Erkkilä, 2007; Saarikallio,

Nieminen, & Brattico, 2013) and that the specifics of this usage vary between cultures (Saarikallio,

Alluri, Maksimainen, & Toiviainen, 2021). Furthermore, there are a variety of strategies for using

music to cope with stressful external events such as the Covid-19 pandemic (Carlson et al., 2021),

and some of those strategies have been shown to have negative effects on mental health (Carlson et

al., 2015). Much music-listening has been shown to be positively tied to well-being, particularly when

the music was chosen by the listener, even when it was secondary to some other activity (Sloboda,

O’Neill, & Ivaldi, 2001). A meta-analysis of findings concerning musical functionality proposed that

the primary functions of music are internally-focused, aligning well with the use of music to mediate

from cultural patterns to cognitive functions and states (Schäfer, Sedlmeier, Städtler, & Huron,

2013). However, this research generally operates on established cognitive parameters, and does not

reflect ways in which music mediates culture’s lasting impact on the self.

Perhaps the most fruitful strain of research providing evidence for music-mediated impacts of

culture on the cognitive self concerns infant-directed singing. There appear to be acoustical and

formal traits that identify infant-directed singing across cultures (Mehr, Singh, York, Glowacki, &

Krasnow, 2018; Trainor, Clark, Huntley, & Adams, 1997), along with results indicating consistent

infant responses to lullabies from unfamiliar cultures (Bainbridge et al., 2021). However, there is

also evidence that infants prefer familiar songs, implying that the songs they’re exposed to early

on shape their preference behaviors (Kragness, Johnson, & Cirelli, 2022). In addition, familiarity

with a piece of infant-directing music helps ease infants’ distress (Cirelli & Trehub, 2020), providing

more evidence for interplay between musical exposure and underlying cognitive processes in infants.

This musical exposure can vary widely between families (Ilari, 2005), and this lack of consensus

on what entails “appropriate” music for infants implies a direct impact of parental beliefs, shaped
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by their own internalized cultural patterns, on the content of infant-directed singing. There is also

evidence for a primary role of familiarity in music-evoked emotions among adults (Pereira et al.,

2011; Schäfer, 2016). As a result, these results indicate a direct tie between culture and cognition

that is mediated through specific musical selections.

Familiarity and predictability are related but distinct concepts. While familiarity implies knowl-

edge of a specific piece of music, predictability is a generalization beyond those musics that have been

directly experienced by a listener. Prediction is a cognitive capacity that, in the musical domain,

relies on both rhythmic regularity and more complex representations of musical structure, which are

learned as patterns in music an individual experiences. In the vocabulary established in this essay,

this implies that there are aspects of musical predictability that are cultural in origin. This form of

prediction is also observable in infant-directed singing. Infants as young as 2 months have demon-

strated the ability to discriminate between similar melodies (Plantinga & Trainor, 2009), and there

are known to be differences between how easily adults and children detect melodic alterations that

stay within a tonal context (Trainor & Trehub, 1992), implying that the cognitive skills associated

with deviance detection are contingent upon learned, culture-dependent parameters.

Neurocognitive data have established a long and complex developmental arc of the acquisition

of higher-order musical syntax. By the age of 11, children with regular exposure to musics of tonal

derivation (e.g. based on Western common practice) were able to make quality judgments about

chords faster given a strong tonal-harmonic priming context regardless of musical training, while

8-year-olds were only faster if they had musical training (Schellenberg, Bigand, Poulin-Charronnat,

Garnier, & Stevens, 2005). Musical training has been shown to increase activity in cortical regions

associated with linguistic and auditory processing when listening to harmonic sequences (Koelsch,

Fritz, Schulze, Alsop, & Schlaug, 2005). Other studies have shown that different aspects of musical

structure are enculturated at different paces, and that behavioral evidence of musical enculturation

lags neural evidence (Corrigall & Trainor, 2014). Similarly, while neural responses associated with

music-syntactic violations are observable as early as 30 months, neural signatures of harmonic in-

tegration are still absent (Jentschke, Friederici, & Koelsch, 2014). These demonstrated impacts of

musical experience and enculturation on neural and behavioral processing that unfold throughout

the course of child development offer even more precise evidence that music facilitates the impact

of culture on cognition.

Among neurotypical adults, another clear instance of this direction of mediation concerns musics

intended for specific kinds of group behaviors and contexts, such as political campaigns and religious

ceremonies. Campaign songs are chosen to create associations between songs or artists, and all

their attached affordances, and the politician or issue in question. Music has been associated with

American political campaigns since the country’s earliest days (Schoening & Kasper, 2012). The

title of Schoening and Kasper’s book, Don’t Stop Thinking About the Music, is itself a riff on Bill

Clinton’s use of the Fleetwood Mac song “Don’t Stop (Thinking About Tomorrow)” in his 1992
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campaign for the United States Presidency, a usage which is a testament to the indelibility of that

song’s connection to Clinton himself.

The use of music in political campaigns has been framed as a deliberate attempt to interface

with constituents’ cultural identities and self-concepts with an aim to alter their interpretation

of or attitude towards the candidate (Patch, 2016). Sometimes, this linkage has different effects

depending on pre-existing cultural understandings of particular songs; for instance, the dissociations

between Donald Trump’s politics and his use of songs like The Village People’s “Y.M.C.A” have been

frequent sources of material for late-night comics, while music critics have referred to his adoption of

the Beatles’ “Revolution” and Neal Young’s “Rockin’ in the Free World” as examples of those songs

as an empty signifier, or a concept with a subjectively-determined meaning (C. Richards, 2016)5;

incidentally, this explicitly follows on from Zizek’s assertion that Beethoven’s “Ode to Joy” has been

used to celebrate such a baffling range of causes as to have lost intrinsic meaning (Zizek, 2007).

Recent research has proposed that candidates rely on musically congruous songs, Trump’s notable

stylistic disparity (Patch, 2016) notwithstanding, although songs that are musically unlike the rest

of the candidate’s playlist but reinforce or support their political ideology can have positive effects

on their candidacy (Johnson, Church, & Randle, 2021). In every case, musical choices carry a clear

intentionality: draw on some enculturated understanding of a song’s affordances and implications to

alter public understanding of the person being associated with it. In fact, it may be that Richards and

Zizek are mistaken in their assertion that such jarring mismatches between the individual or cause

and the music are instances of empty signification; instead, it may be closer to an appropriative act

aimed at using the cultural significance of a musical piece to alter constituents’ cognitive responses

to a candidate, political entity, or ideology. In other words, musical pieces are neither empty nor

equivocal signifiers, but the use to which that signification is put is inconstant and tailored to

individuals’ agendas.

1.6.2 From cognition to culture

Finding evidence of music-mediated impacts of cognition on culture is slightly harder, in part be-

cause culture is a difficult thing to directly assess. However, we can build on the basic insight driving

associative diffusion – that people’s patterns of beliefs and behaviors tend to mirror the patterns

of people in their social circles – to investigate the related developmental phenomenon of pro-social

behavior. There is extensive evidence that making music together leads to increased cooperation

and heightened pro-social behaviors and empathy in young children (Rabinowitch et al., 2013; Ra-

binowitch & Knafo-Noam, 2015). Such increased positive interaction between individuals can lead

5This term is derived from Laclau’s (1996) usage, which problematizes such a straightforward interpretation of
an empty signifier. Laclau holds that an empty signifier is neither equivocal (deriving its meaning from its context)
nor ambiguous (nonspecific in its meaning), but rather that it “points, from within the process of signification, to
the discursive presence of its own limits.” (p. 36). This differs slightly from how it is used in the case of Trump’s
campaign playlist, which appears to frame these songs as equivocal, rather than empty, signifiers.
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to stronger social ties (Morelli, Ong, Makati, Jackson, & Zaki, 2017), which in turn contributes to

increased sharing and mutual adaptation of cultural norms.

This particular facility of music has also been applied in therapeutic contexts. For developmental

disorders, most notably autism, which include a strong preference for structure and predictability in

their phenotypes, music provides a useful scaffold for effective therapy (Lense & Camarata, 2020).

This leverages music’s predictability – drawing on known cognitive capacities – to encourage social

bonding between individuals – a necessary condition for the entrainment of cultural patterns. Indeed,

all infant-directed communications are known to demonstrate characteristics such as rhythmicity

which are generally stronger in music than in adult-directed speech (Fernald, 1989; Trainor, Austin,

& Desjardins, 2000), implying that the cognitive processes prominent in music are ideally suited for

social bonding with infants. This effect is not restricted to children with developmental disorders,

either, as music has been shown to lead to entrainment behaviors in typically developing children as

well (Trainor & Cirelli, 2015).

Infant-directed singing, already shown to mediate the connection between the cultural patterns

in the home and the child’s cognitive responses, facilitates the opposite causal effect as well using

a similar social mechanism as joint music-making and rhythmic entrainment. Infants have shown

increased attention to strangers singing songs their parents have sung to them (Mehr, Song, &

Spelke, 2016), and are more likely to help adults who sang familiar songs (Cirelli & Trehub, 2018).

In addition, while infants prefer accepting objects from adults who have previously sung a familiar

song, their attention to those objects was predicated by whether their previous exposure to the

song came from a recording or from a parent (Mehr & Spelke, 2018). Furthemore, children have

been shown to prefer the company of other children who share not only their musical preferences,

but also know the same songs as them (Soley & Spelke, 2016). This evidence implies that familiar,

predictable musical sequences are important markers for children’s social entrainment and capacity

for joint attention, which is known to be a crucially important aspect of child development (Tomasello

& Farrar, 1986). Further, it appears that the bidirectional mediation is clearest early in childhood,

where the developmental processes involved are accelerated and more easily assessed, although there

is evidence that song and infant-directed speech do positively impact language acquisition into

adulthood (Ma, Fiveash, Margulis, Behrend, & Thompson, 2020).

Some scholars have suggested that this function of music is evidence for its evolutionary prove-

nance as a way to transform cognitive parameters directly into cultural patterns (Cross, 2001a,

2003). In fact, Cross’s view of how humans construct meaning from music, which involves a kind of

interpretive indeterminacy that he calls “floating intentionality” (Cross, 2008), is very similar to the

culture-cognition mediator model. However, while Cross proposes music as a tool for promoting the

kinds of “shared intentionality” he views as central to the human capacity for culture, my approach

views music through a constructionist lens, framing it as a product of lower-level cognitive and cul-

tural phenomena that is a necessary intermediary in a constantly-unfolding, mutually-constitutive
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cycle. Such a constructionist view of music opens useful parallels that bolster this argument, such

as recent research demonstrating that the entrainment of speech rhythms – a notably musical phe-

nomenon – is an effective signal of shared community membership (Polyanskaya, Samuel, & Ordin,

2019). It also implies both that, as seen earlier in this essay, music has efficacy over unrelated cog-

nitive processes and that, Rabinowitch has argued, music is a powerful tool for social change that

must be handled with delicacy and care (Rabinowitch, 2020).

Just as infant-directed singing appears in both causal directions, political music facilitates the

effects of cognitive processes on cultural patterns as well as the inverse. Perhaps the clearest examples

of this phenomenon are national anthems. Official anthems, or songs that have been explicitly chosen

to represent a country, engender a complex set of cognitive and affective responses in their listeners.

National anthems have been found to contribute to senses of national identity starting in later stages

of adolescence (Winstone & Witherspoon, 2016), but the valence of responses to national anthems

are associated with membership in cultural in- and out-groups (Gilboa & Bodner, 2009), indicating

that these responses are connected to specific versions of national identity. They are often chosen

specifically to inspire feelings of national pride and unity, and can undergo modifications to best

achieve this aim as the national zeitgeist shifts (Liao, Zhang, & Zhang, 2012).6

These anthems derive their power from fostering a sense of national or communal identity, draw-

ing on cultural referents to evoke shared cognitive and affective responses which, in turn, reinforce

intra-cultural ties. In this way, national anthems conjure cognitive responses that are both derived

from the listener’s specific engagements with cultural patterns and construct them. They also serve

as a prime example of how inseparable the two directions of causality are and the role that music

plays in the iterative co-construction of cultures and selves.

1.7 Conclusions and implications

While the culture-cognition mediator model is broadly supported by extant literature, it is by no

means an exclusive account of musical ontology. The simple fact that it is possible to conduct musi-

cological research without drawing on this kind of bidirectional mediation, or while only examining

music’s connection to either cognition or culture, is sufficient demonstration of the limitations of

the approach detailed here. And like all models, it will inevitably have overlooked some crucial

data. However, it is an effective distillation of the reasons behind music’s well-established functional

efficacy. Regardless of whether music evolved to enhance social function or as a tool for mood reg-

ulation, it is singularly effective at those tasks, among many others, precisely because of its status

as a mediator between the cultural and the cognitive.

The culture-cognition mediator model also has several implications, both for the development

6Protest songs are, in some ways, the inversion of national anthems, as they are designed to alter opinions of
and evoke empathy with cultural out-groups. They have been shown to be remarkably effective at this (Ziv, 2018),
implying they can shape the general perception of communities not part of the typical conception of national identity.
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of the ontology of music and for potential epistemologies of musical inquiry. While some of these

implications are discussed explicitly here, this is not an exhaustive list. In addition, while some

of them are novel contributions of this model, others are restatements or reinforcements of other

existing conclusions.

1.7.1 Epistemological implications

Research under the culture-cognition mediator model must be strongly transdisciplinary. Such a

transdisciplinary scope has been central to music scholarship for well over a decade (Born, 2010;

Parncutt, 2006; Waltham-Smith, 2020), so this particular implication is far from novel. However, it

puts the culture-cognition mediator model in line with current trends in musicology more broadly,

verifying a necessary but not sufficient condition of its relevance in contemporary scholarship. While

there are valuable things to be learned from domain-specific investigations, it is increasingly appar-

ent that theories of musical provenance, ontology, or functionality, particularly those that engage

direction with inter-cultural research, must span multiple disciplines. Studies deriving from the

culture-cognition mediator model are no exception.

In addition, the culture-cognition mediator model requires a nuanced and complex engagement

with culture as both producer and product of music. This is a somewhat more powerful assertion

than is typical in musicology, and certainly more expansive than psychological treatments of music,

which tend to view it as a cultural product only. While marshalling evidence for both causal

directions, much of the research supporting music’s role in mediating the effect of cognition on

culture relied heavily on linking hypotheses which have yet to be empirically tested, in large part

due to significant methodological and ethical barriers to hypothesis testing in the cultural space.

In addition, asserting that music facilitates cognition’s formative impact on culture runs the risk of

either reifying culture or reducing it to an extension of neural function, either of which would be

inaccurate. However, these barriers are not insurmountable, and in fact offer particularly tantalizing

avenues for inter-disciplinary collaboration and methodological cross-pollination.

Lastly, the culture-cognition mediator model implies that the set of phenomena considered fea-

tures of music must be expanded to include all music-related phenomena that draw on both cognitive

capacities and cultural norms, or which facilitate the action of one on the other. This view is directly

at odds with the conventional understanding of musical features as observable aspects of the music-

object itself, and proposes some challenges for music theory in particular. At the most fundamental

level, there is no a priori reason why musical features in this construction must be aesthetic at all.

In fact, this instantiation of musical features explicitly problematizes the clarity of the distinction

between musical and extramusical parameters. It is not at all clear where the line between them

is drawn, so for a robust account of musical functionality, they ought not and, indeed, cannot be

distinguished. This has unavoidable consequences for the ontology of music itself.



CHAPTER 1. THE CULTURE-COGNITION MEDIATOR MODEL 24

1.7.2 Ontological implications

If music research under the culture-cognition mediator model considers both musical and extra-

musical parameters as musical features, this implies that “music” is perhaps better conceived as a

broad set of behaviors, products, beliefs, affordances, and associations surrounding the object we

typically think of as music. This ontological shift is not entirely new, as it has been presaged by

several researchers over the past half-century (e.g. Gourlay, 1984; Rouget, 2004; Small, 1998), who

found broad inter-cultural differences in where the line between music and closely-related practices

such as dance lie. The culture-cognition mediator model, however, expands musical ontology in

a slightly different way: rather than extending music into the domains of other related practices,

this extends music to include aspects such as emotion, genre, and performance context as features,

indistinguishable in kind from harmonic closure, syncopation, or melodic coherence.7

This comparison between the culture-cognition mediator model and extant theories of music such

as Small’s concept of musicking (1998) implies a particular nuanced ontological shift: cognitive or

cultural distinctions between music and other cultural products such as visual art, dance, literature,

film, or theatre are likely both smaller in scope and more relevant to ontological gaps among these

products. Let me illustrate this with an example. Gourlay (1984) indicates that, in many cultures,

music and dance are not understood as separate concepts. Even in cultures that do make firm dis-

tinctions between the two phenomena, they often share performance contexts, forms, and sometimes

even names.8 Similarly, there is a sizable collection of research demonstrating that music directly

evokes movement, specifically dance (Burger, Thompson, Luck, Saarikallio, & Toiviainen, 2014; Carl-

son, Burger, & Toiviainen, 2018; Carlson, Saari, Burger, & Toiviainen, 2020; Hurley, Martens, &

Janata, 2014; Janata, Tomic, & Haberman, 2012), as well as whole musical epistemologies centered

on the embodied nature of music and musicality (Leman, 2008). Taken together, this implies both

that the cognitive distinction between music and dance is minimal, if it exists at all, and that even

cultures with separate concepts for music and dance invoke many of the same cultural norms to

engage with them. As a result, ontological distinctions between music and dance are driven by a

small number of relatively minor cultural and/or cognitive discrepancies, which appear to be almost

entirely concerned with that ontological gap itself. A similar argument can be made for other pairs

of cultural products.

The final ontological implication I will discuss here concerns the evolutionary origins of music.

In the 1990s and early 2000s, much of the debate regarding musical evolution revolved around its

status as an adaptation – an innate capacity that serves a specific, naturally-selectable purpose –

7I freely acknowledge that this statement may be somewhat hyperbolic. There may be systematic reasons why
aesthetic features and meta- or extra-musical features are not equivalent. However, my point is that from a functional
standpoint, any such reasons should be articulated in terms of concrete differences in the cultural norms and cognitive
processes at play, rather than with respect to their relationship to the music-object.

8Unlike Dahlhaus (e.g. Dahlhaus, 1987), I do not assert that a song’s title or named type is an integral aspect
of its nature, but most pieces whose titles include names of dances, such as waltz, mazurka, or minuet are, in fact,
danceable in that specific style.
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or an exaptation – a technology or byproduct of adaptations (Cross, 2001a, 2001b; Pinker, 1997).

The culture-cognition mediator model, at first glance, appears to be something of an enigma, since

it views music through a constructionist lens which closely resembles Pinker’s exaptation view, but

gives music the exact functionality that Cross argued was adaptive.

I maintain that, in fact, the culture-cognition mediator model is a unification of these theories.

Seen from this framework, the constructionist view of music as a product of cognitive traits not

specific to music and the evolutionary view of music as progenitor of the human capacity for culture

are not mutually exclusive; rather, the reality is likely a hybrid of the two. More precisely, while

musicality may be primarily a construction of lower-level cognitive traits, music itself is inextricably

tied to culture and human social functioning. As a result, while musicality may be an exaptation,

music is an adaptation.



Chapter 2

Syncopation as Probabilistic

Expectation

2.1 A brief overview of syncopation

2.1.1 Syncopation in theory

Although syncopation is discussed in almost every music-theoretic view of rhythm, it has been de-

fined and redefined multiple times, and still does not have an agreed-upon definition within music

theory. A syncope, outside the musical world, refers either to a blackout or faint or the linguistic

habit of dropping sounds or syllables in a word. Musical syncopation, then, would intuitively be

connect to a similar loss of continuity or emphasis in a rhythmic pattern; indeed, some authors have

drawn on this etymological connection, resulting in definitions of syncopation such as “a musical

effect caused by a...missed beat or off-the-beat stress” (De Boeck, 2015). In addition, as William

Caplin points out, these off-the-beat stresses were often associated with harmonic dissonances, most

notably suspensions and seventh chords (Caplin, 1984). Others have characterized syncopation as a

“contraction,” or fusion of strong and weak beats or syllables into a single, extended event that shifts

the intended emphasis from the strong beat to the weak one (Weaver, 1939). However, in the contem-

porary Western context it is most frequently discussed, syncopation is characterized by obscuring,

shifting, or otherwise warping the hierarchical relationships between different rhythmic structures.

These definitions imply an ephemerality to syncopation: Song et al. write that syncopation oc-

curs “when the prevailing metrical structure inferred by the listener is momentarily contradicted”

(Song, Simpson, Harte, Pearce, & Sandler, 2013), while Leong defines syncopation as the “contradic-

tion, though not overturning, of a dominant metrical structure by rhythmic stresses” (Leong, 2011).

Computational measures of syncopation all calculate the divergence between a rhythmic contour and

some underlying and unchanging structure, whether a pre-established metrical hierarchy(W. Fitch

26
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& Rosenfeld, 2007; Longuet-Higgins & Lee, 1984; L. Smith & Honing, 2006), an induced metrical

hierarchy (Toussaint, 2002), or an isochronous pulse (Gómez, Melvin, Rappaport, & Toussaint, 2005;

Keith, 1991). In every case, syncopation is dependent on the existence of a robust framework for

unsyncopated or straight rhythm.

While recent years have seen various attempts to generalize the nature of the extant framework

from which syncopation deviates to include non-Western musics, the underlying logic – syncopation

represents a displacement of some fixed, cyclic form of meter or temporal regularity – has remained

unchanged for well over a century.

In 1888, Moritz Hauptmann defined syncopation as the simultaneous presence of both metrical

accents and displaced accents, writing that syncopation “joins a metrically second member to the

following first member in positive undivided unity, and lends an accent to the unaccented member,”

but that “without the normal series, of which the syncopated forms the metrical contradiction,

the syncopated would itself be shown normally accented” (Hauptmann, 1888, p. 342). During the

early 20th century, some researchers linked Hauptmann’s tension between straight and syncopated

accents with parallel motor processes, insisting that musicians’ ability to keep regular time while

superimposing what Seashore called “secondary or tertiary patterns, similar to the overtones of a

sound wave” to create syncopation requires some form of isochronous movement, however small

(Seashore, 1926; Stetson, 1905). There were some attempts at verifying this theory experimentally

(Weaver, 1939), although they generally operate within a fundamental assumption that syncopation

and musical training are implicitly connected – Weaver’s study, for example, showed that trained

musicians tap along with a complex rhythm, but since his sample included no participants without

extensive musical training, he appears to have recovered only that musicians tap their feet, not that

such foot-tapping is as essential to rhythmic perception as the theorists he follows claim.

Hugo Riemann’s theory of syncopation features a similarly implicit tension between “normal” and

“syncopated,” along with Hauptmann’s prescriptive view that asymmetric meters (e.g. those that

cannot be described in multiples of 2, 3, or 4 beats) are “artificially put together” (Hauptmann, 1888,

p. 198). However, Riemann conceptualized syncopation as the displacement of a “dynamic climax,”

situating it within the context of a phrase rather than meter alone (Caplin, 1983). Cooper and

Meyer, on the other hand, define syncopation in terms of what they call the primary architectonic

level, or the unit of rhythm containing one strong beat and succeeding weak beats (Cooper &

Meyer, 1960, p. 2). In their nomenclature, syncopation is “a tone which enters where there is

no pulse on the primary metric level...and where the following beat on the primary metric level is

either absent...or suppressed” (Cooper & Meyer, 1960, p. 100), and the strength of the effect is

dependent on performance traits such as tempo and the strength of performed metrical emphasis.

This represents a blend of music-theoretic and perceptual views of syncopation, but also shifts

the conceptualization of syncopation itself away from the displacement of a metrical emphasis and

towards the absence of metrical emphasis.
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More recently, Krebs returned syncopation to the realm of displacement, arguing that “much

displacement dissonance takes the form of ‘syncopation,’ which term, in its most common usage,

designates a conflict between a metrical layer and an antimetrical layer formed by durational accents”

(Krebs, 1999, p. 33). This definition is contrasted with grouping dissonance, or the layering of

rhythmic layers with shared metrical accents but different subdivisions. Without exception, these

historical theories of syncopation all draw on music from the Western musical tradition, and with

the notable exception of Cooper and Meyer, none of these theorists engage at length with the

performance practice of syncopation, or the ways in which variations in performance practice reify

genre-specific standards for syncopation.

2.1.2 Syncopation in practice

The challenges facing music theorists when defining syncopation are tied to variation in how syn-

copation is instantiated in music, especially as the scope of musicological inquiry has expanded to

include musics from non-Western cultures. Within the Western context it is most frequently dis-

cussed, syncopation has long been a favored technique for adding musical interest across a variety

of musical styles. In many cases, particularly modern popular musics, syncopation is not so much

a deviation from a norm as it is an expected characteristic of the rhythmic landscape (Temperley,

2021), and there is evidence that it became increasingly prominent in popular music in the early

20th century (Huron & Ommen, 2006). Its efficacy as a source of listener interest, when applied

in moderation, has been established by a wide variety of perceptual studies (Sioros, Miron, Davies,

Gouyon, & Madison, 2014; Witek, 2017). For example, in their 1983 song “Murder by Numbers,”

The Police’s Stewart Copeland opens with a snare and bass drum rhythm – what Witek, et al.

would call a “groove” (Witek, Clarke, Wallentin, Kringelbach, & Vuust, 2015) – that deliberately

emphasizes what will eventually prove to be the weak beats in the meter, creating a confusion be-

tween “in-phase” and “anti-phase” rhythms. This misalignment between the drum groove and the

metrical structure that subsequently emerges is the defining rhythmic characteristic of the song, thus

emphasizing the more predictable alignment between the vocals and the percussion in the choruses.

Similar phase offsets and metric displacements are common in a wide range of musics1, including

various performance and compositional traditions of Western art music. Historical performance

practice treatises such as those by C.P.E. Bach (Bach, 1753), F. Couperin (Couperin, 1716), and

others, recommend that ornamentation be executed on the downbeat, not before, leading to a

displacement (Babitz, 1952; Neumann, 1969). The very fact that the persistent debate of placing

a grace note ‘on’ or ‘off’ the beat reflects this awareness of displacement, and composers often

went so far as to include instructions for performers in a table des agréments, as in Duphly’s Piéces

pour clavecin (Duphly, 1744) or D’Anglebert’s Piéces de clavecin (d’Anglebert, 1689); d’Anglebert’s

version is shown in Figure 2.1. Manipulating temporal expectations is also a major feature of classical

counterpoint theory, where it is most frequently applied in techniques modifying the progression of
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Figure 2.1: Table des agréments from d’Anglebert’s Piéces de clavecin (d’Anglebert, 1689).

melodic or harmonic voices. Suspensions, appoggiaturas, and similar ornaments all function by

displacing a harmonic resolution, even when the onsets involved hew closely to the underlying

hierarchical expectation. Notably, these techniques are often analyzed as external to the underlying

harmonic or melodic thrust of the piece in question: they are embellishments on rather than features

of a harmonic context, and therefore only delay or offset the resolution, rather than altering it

fundamentally.

In the centuries that followed, Western art music increasingly leveraged both these established

practice-based methods of defying structural expectations and novel approaches to subvert notated

metric structure. Robert Schumann, for example, has been characterized for his use of rhythmic

distortions such as syncopation (Krebs, 1999), a description which is borne out both by the frequency

of their use and by their deliberateness, as shown in the revisions evident in his compositional sketches

(Krebs, 1997). Rhythmic displacement, among other rhythmic manipulations, is a prominent feature

in the music of Igor Stravinsky (van den Toorn, 2004). Theorists have also detailed the impact
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Figure 2.2: Bass guitar groove from Snarky Puppy’s “Bent Nails.”

Figure 2.3: Reduction of duple motif in Gustav Holst’s “Mars” (mm. 47-48).

of specific performers on the metrical dissonances, including syncopation, already present (Dodson,

2009), as well as relationships between these dissonances and other concordant forms of performance

such as dance (Bell, 2021).

Jazz rhythms are largely built around syncopation and similar rhythmic distortions. The drum-

ming technique popularized by Kenny Clarke of dispersing unexpected snare and bass drum hits

around a predictable cymbal line, colloquially referred to in be-bop parlance as “dropping bombs,”

was transgressive at the time, but has grown into standard fare for jazz drummers. In addition,

the connection between expressivity and microtiming displacement, especially between melodic lines

and the rhythm section, have been widely documented (Ashley, 2002; Benadon, 2009). Metrical

displacement is another major feature of jazz solos (Strunk, 2016; Waters, 1996), and some more

modern composers and ensembles (e.g. Dave Brubeck, Snarky Puppy, Väsen) have made ample use

of asymmetric metric structures while maintaining the same emphasis on metric and microtiming

shifts in their solos; one example of this metric asymmetry is the bass groove from Snarky Puppy’s

“Bent Nails” (Figure 2.2). Notably, metric dissonances are possible even within such an asymmet-

ric structure, such as in the duple motif in Gustav Holst’s “Mars” (Figure 2.3), which contrasts a

repeated two-beat rhythmic figure with the five-beat pedal pattern.

Hip-hop has also earned a reputation as a playground for rhythmic distortion. Recently, scholars

have noted examples of rhythmic dissociations between the beat (music) and the flow (vocals), taking
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the form of misalignments between prosodic and metric accents, mismatches in subdivision patterns,

or unusual spacing (K. Adams, 2009; Ohriner, 2019; Williams, 2009). There is also widespread use

of both within-line and between-line polyrhythm in hip-hop composition (Walser, 1995). Similarly,

syncopation and other rhythmic concepts from Western art music have been productively applied to

musics such as American bluegrass (Rockwell, 2009) and rock music (Temperley, 1999). In fact, there

is an increasingly expansive literature on rhythmic distortion in popular musical genres, including

studies of vocal polyrhythm in hip-hop flow (Duinker, 2019), “anticipatory” syncopation, or the

displacement of accented syllables to just before a metrically-accented downbeat (Tan, Lustig, &

Temperley, 2019), and the superimposition of non-isochronous and isochronous metrical frameworks

in metal music (Hudson, 2021). Rock music has even given rise to its own formal theories of rhythmic

displacement (Biamonte, 2014).

However, for all the breadth of theoretical and observational work on syncopation and rhythmic

displacement, syncopation remains a highly contextualized phenomenon. What one listener perceives

as syncopated, another may hear as ideally predictable. Many examples of Western practice, par-

ticularly Béla Bartók’s use of folk-derived asymmetric rhythmic patterns, as in his Kalinda-inspired

pieces (Breuer, 1975; Leong, 2004), point to a possible dissociation between syncopation as a per-

ceptual phenomenon and deviation from typical Western meter. Although these instances fit the

typical music-theoretic view of syncopation, they are perhaps better understood as the concatenation

of duples and triples, or short and long units, than as an irregular subdivision of a consistent beat

(González Fuentes & Roquer González, 2016). Rhythms of this variety, which Constantin Brăiloiu

called “aksak” after the Turkish word for such “stumbling” motifs (Brăiloiu, 1951), are common in

a huge variety of musical traditions, and point to a kind of additive rhythmic structure associated

with dance steps of varying sizes, rather than the divisive structure favored by Western classical

music (Preciado, 1984).

Traditions from other music cultures twist expectations even within the subdivision-oriented view

of rhythmic structure. Uruguayan candombe, for instance, creates an expectation of a downbeat that

is, for listeners not fluent in the idiom, typically perceived incorrectly. Its unique combination of an

asymmetric clave pattern and polymetric phenomenal accents contributes to this offset rhythmicity

(Nunes, Rocamora, Jure, & Biscainho, 2015). However, candombe is frequently performed as part

of festival marches, indicating that for those familiar with the music, the induced beat is readily

predictable. This is yet another example of the context-dependence of syncopation and rhythmic

expectation: what one listener perceives as surprising and “stumbling,” another may perceive as

perfectly normal and predictable. This conceptual hurdle has become increasingly centered in cross-

cultural research on syncopation and rhythmic complexity (Witek et al., 2020).

In truth, the very concept of syncopation is dependent on the underlying model of musical

timing. For instance, Johnson-Laird’s view of musical rhythm privileges syncopated notes as the most

significant aspects of a rhythmic sequence, which implicitly requires a rigidly hierarchical temporal
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Figure 2.4: Syncopation in the culture-cognition mediator model.

structure (Johnson-Laird, 1991). Evidence demonstrating that beat induction and meter induction

emerge at different points in human development (Honing et al., 2009) offers further evidence that

while synchronization to regular stimuli is innate, the complexities of a musical context are not.

2.2 Syncopation as a culture-cognition mediator

Syncopation is a culture-specific instantiation of the lower-level cognitive constraint of temporal pre-

diction and the ability to detect violations of those expectations, mediated through limitations on

the human brain’s capacity to process continuous streams of information (Figure 2.4). In particular,

it is concerned with the human ability to predict future events based on complex, hierarchically-

dependent stimuli rather than pure isochrony. Temporal prediction has been broadly described as

adaptive, whether relying strictly on lower-level neural systems generalizable across species (Dar-

win, 1981; Large & Snyder, 2009) or on species-specific processes for specific varieties of timing

(W. T. Fitch, 2012; Patel, 2014). Synchrony, which results from alignment between two individuals’

expectations of each other’s movements, has been implicated in positive social functioning (Hove &

Risen, 2009).

Deficiencies in temporal prediction and interpersonal synchrony have been implicated in various

developmental disorders (Lense, Ladányi, Rabinowitch, Trainor, & Gordon, 2021), including autism

(Fitzpatrick et al., 2017; Sinha et al., 2014; von der Lühe et al., 2016) and Williams syndrome (Lense
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& Dykens, 2016), as well as psychiatric disorders such as schizophrenia (Billeke et al., 2015) and

ADHD (Gvirts Problovski et al., 2021), and there are some promising interventions currently being

developed that capitalize on promoting synchrony as an avenue to improving social function (Lense

& Camarata, 2020).

Neurodynamic models of auditory temporal prediction, ranging from those emphasizing neural

oscillations, such as neural resonance theory (NRT) (Large, Herrera, & Velasco, 2015; Large & Kolen,

1994; Large & Snyder, 2009) and striatal beat frequency theory (Allman & Meck, 2011; Matell &

Meck, 2004; Meck, Penney, & Pouthas, 2008), to proposals focusing on linkages between auditory

and motor processing, have historically focused on isochronous stimuli. However, parallel work

has demonstrated ways in which these approaches can generalize to hierarchical settings (Large &

Kolen, 1994; Large & Snyder, 2009). In addition, there is evidence demonstrating that beat and

meter induction are low-level cognitive capacities, as they appear early in life (Honing et al., 2009;

Winkler et al., 2009).

While there are several theories of the underlying mechanisms of hierarchical temporal predic-

tion, the outputs of these approaches can be represented very efficiently using Bayesian inference

techniques. In this case, I will use a Bayesian approach to characterize syncopation as the violation

of a temporal prediction induced by a hierarchical rhythmic structure; this structure will be referred

to as the metric context for simplicity, but is generalizable to musics without a typical Western con-

ceptualization of meter. In this usage, the metric context does not need to be isochronous or derived

from subdivisions of regular beat units. Rather, it corresponds to a prior belief about the kinds of

rhythmic structures available for musical expressions. This situates syncopation at the intersection

of a cognitive universal (prediction) with a (set of) musical style(s) and context(s).

2.2.1 A probabilistic model of syncopation

Expectation, as a scalar variable, is most often represented as a variant of probability where the

expectancy of an event is directly related to its likelihood. The core metric in most theories of

expectation-violation is surprisal, or the scalar measure of how surprising an event is. Its basic

mathematical definition is the negative log-probability of an event; so, for an event r, its surprisal is

S(r) = − logP (r) (2.1)

Surprisal has been used in a variety of domains, including expectation-based theories of semantic

processing (Levy, 2008) and computational models of neural signatures such as the mismatch neg-

ativity (Lieder, Stephan, Daunizeau, Garrido, & Friston, 2013). In most of these frameworks, the

probability is conditioned on some prior context; for instance, the surprisal of hearing a specific word

is conditioned on the previous words in the sentence. In musical contexts, surprisal has been applied

as a measure of information content (Agres, Abdallah, & Pearce, 2018), drawing on computer science
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research on data efficiency.

This use indicates a similarity between surprisal, or the measure of how surprising an event is,

and Shannon entropy (C. Shannon, 1948; C. E. Shannon & Weaver, 1964), or the information H

contained in a sequence of events X = {x1, x2, ..., xn}:

H(X) = −
n∑

i=1

P (xi) logP (xi) (2.2)

In this canonical form, entropy is a measure of the overall uncertainty of a sequence, so a high

entropy indicates a sequence where all events are equally plausible. However, high surprisal values

are higher in pieces with a stronger bias for some events over others. Stronger expectations are

associated with lower entropy and higher maximum surprisal. Since entropy and surprisal measure

similar, if inversely-related, concepts, they are often used in concert in music expectation research

(Egermann, Pearce, Wiggins, & McAdams, 2013; Gold et al., 2019; E. Margulis & Beatty, 2008;

Temperley, 2007).

The use of conditional probabilities in place of simple probabilities is necessitated by music’s

temporal nature. Musical stimuli are perceived in a sequence, so no event in a stimulus exists in

isolation from those preceding it. This immediately implies that Bayesian theories of expectation

and learning are of crucial relevance to understanding musical expectation. Such theories rely on

Bayes’ Theorem, which relates the probability of an event A given its context B to the probability

of the context given the observed event:

P (A|B) =
P (B|A)P (A)

P (B)
(2.3)

This basic relation has led to an entire family of inference systems which have proven remarkably

effective in modelling cognitive processes (Pearl, 1988; Temperley, 2004; Tenenbaum et al., 2011; Xu

& Tenenbaum, 2007). These systems operate with an implementation of Box’s loop (Box, 1976),

which describes an iterative process of developing tentative theories (analogous to the Bayesian

prior), assessing the discrepancies between those theories’ predictions and reality, and adjusting the

theories to better describe reality (analogous to the Bayesian posterior).

Iterative processes like this are effectively learning algorithms. The processes associated with

forming expectations have similar characteristics, although they differ in the mechanics. There is

some recent evidence indicating that connectionist approaches such artificial neural networks are,

at their current stage of development, less efficient and less accurate than probabilistic or statistical

versions, for all their popularity (Makridakis, Spiliotis, & Assimakopoulos, 2018). All such algo-

rithms, however, operate on the same fundamental premise: they converge on the true conditional

probability distribution for predicting future events in a type of stimulus as they are exposed to more

instances of that stimulus. As a result, learning algorithms are highly sensitive to the contents of the
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training set, whether they rely on probabilistic inference as in Markovian n-gram models (Abdal-

lah & Plumbley, 2009; Pearce & Wiggins, 2004) or on connectionist structures like artificial neural

networks (Connor, Martin, & Atlas, 1994; Gang & Berger, 1999). This sensitivity mimics the well-

established link between cultural background or experience and expectation (Castellano, Bharucha,

& Krumhansl, 1984; Krumhansl, Louhivuori, Toiviainen, Järvinen, & Eerola, 1999; Pearce & Wig-

gins, 2006). Such cultural relativity implies that the context for a musical event includes far more

information that just the prior events in the present musical stimulus.

If syncopation is characterized as a violation of the expectation engendered by a generalized

metric structure, it can then be represented using probabilistic tools. Specifically, the syncopation

of a rhythm r would be a function of its surprisal S(r) such that

Sync(r) = f
(
S(r)

)
f ′(x) > 0 ∀x ≥ 0

(2.4)

These conditions require syncopation to vary directly with surprisal, but allow the relationship to

take on any shape, rather than requiring that it be a linear relationship. In particular, this structure

implies that comparing the surprisal values of a set of rhythms results in the same ordering as

comparing their syncopation; therefore, for the rest of this section, surprisal will be used as a rough

analogue of syncopation. Surprisal is typically defined as the inverse logarithm of a probability:

S(r) = − logP (r) (2.5)

For the purposes of this model, however, Temperley’s analogous definition of cross-entropy is

perhaps more useful (Temperley, 2007). Given a rhythm r of length n set within a metric context

M , the cross-entropy of that rhythm is defined as:

S(r) = − 1

n
logP (r|M) (2.6)

A rhythm can be represented as a sequence of musical onsets or events distributed in time.

Since syncopation is concerned exclusively with the extent to which the rhythm fits a given metrical

context, a probabilistic model of syncopation as an isolated component of rhythmic perception

allows individual musical events to occur independently of each other. This independence allows for

a simplified computation for the joint probability, where ek is the k’th onset or event in rhythm r:

P (r|M) =

n∏
k=1

P (ek|M) (2.7)

Substituting this into the above computation for cross-entropy gives:
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S(r) = − 1

n

n∑
k=1

logP (ek|M) (2.8)

Therefore, each individual onset or event in r has its own contribution to the overall surprisal

and, through the relation defined earlier, the syncopation of the entire rhythm. Applying Bayes’

Rule to the above function gives:

S(r) = − 1

n

(
n∑

k=1

logP (ek) +

n∑
k=1

logP (M |ek)

)
+ P (M) (2.9)

The final term is a constant for any particular stimulus, as it depends on the listener’s prior

experiences of hierarchical structure in music and is not dependent in any way on the r or its

component events. It is crucial to the overall model, as it represents the listener’s prior distribution

over all possible hierarchical structures and therefore alters the specific values of the sum over

P (M |ek), but its stability within a rhythm (for mature listeners) means it can be easily marginalized

out of the short-term computation. Therefore, within the scope of a rhythm or assuming a sufficiently

stable distribution for P (M), there are two essential components of this surprisal measure: the

probability of an onset, and the probability of a hierarchical structure given a particular onset.

These two components reflect the dual influences of density and hierarchical deviation in computing

the surprisal and, as a consequence, the perceived syncopation of a rhythm in this fashion.

Density is represented by the first summation term:

Density(r) ∝
n∑

k=1

logP (ek) (2.10)

Hierarchical deviation is represented by the additive inverse of the second term, since events that

deviate from an established or expected hierarchy imply that hierarchy with a lower probability:

Hierarchy Deviation(r) ∝
n∑

k=1

logP (M |ek) (2.11)

Because of these, surprisal can be represented in a way that highlights its relationship with

density and hierarchical deviation:

S(r) ∝ Hierarchy Devition(r)−Density(r) (2.12)

The perceptual component is crucial to this model. Although the two variable probabilities are

derived from the rhythm itself, the final term is not; rather, it emerges from the listener’s prior

exposure to musical structure. As a result, this construction requires that the surprisal of a rhythm

be dependent on the prior expectations of the individual listener, and that it is only partly dependent

on the rhythm. It is also possible that the function mapping surprisal to syncopation varies from
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person to person, dependent in part on their musical training or engagement.

The logarithmic surprisal computation also adds a limited element of separability to these com-

ponents, since it produces a linear combination of terms, albeit strongly interdependent ones. This

structural element of the probabilistic model implies that it captures contributions from multiple

varieties of expectation: specifically, the prior over possible hierarchies can be thought of as rep-

resenting schematic expectation, while the rhythmically intrinsic components (deviation from the

chosen hierarchy and density) reflect veridical expectation. Since the surprisal computation results in

a linear combination of these terms, such an approach may indicate that multiple prediction systems

are operating in parallel, with varying degrees of interdependency. This hybrid approach to cognitive

modelling could help reconcile some inefficiencies in the extant models, as it has in fields such as

learning abstract perceptual categories (T. Davis, Love, & Preston, 2012). For example, evidence for

this multiple-systems structure would address concerns raised by Rimmele and colleagues (Rimmele,

Morillon, Poeppel, & Arnal, 2018) regarding NRT’s ability to generalize to non-sequential expecta-

tions by situating NRT within a prior context that generates its own expectations independently of

neural resonance.

However, the inclusion of an abstract prior that modulates the relationship between sequential

expectation-generating mechanisms such as neural resonance and the expectations themselves in-

troduces challenging confounds to assessing the fully probabilistic model. Prior distributions can

be very difficult to measure, especially in experimental design spaces as vaguely parametrized as

the musical space, and the simple solution – restricting the sample to a population that can be

reasonably expected to share most of their musical prior – reduces the generalizability of the results.

In part because of this lack of straightforward generalizability, there is to date little experimental

evidence for or against such a dichotomous model of syncopation. Most contemporary measures of

syncopation, especially those that are designed with cross-cultural applications in mind, are con-

cerned with directly comparing two rhythms in the abstract, while the probabilistic formulation here

is somewhat limited in this respect. In addition, the significant differences among these established

measures of syncopation imply different relationships with the density and hierarchical deviation

components of this perceptual model.

Along with previous work on Bayesian convergence, learning, and surprisal models of musical

structure, the probabilistic view of syncopation detailed here can also be easily extended to a learn-

ing paradigm, wherein P (M) and P (M |ek) are both adjusted over the course of extended musical

experience. This version of the model introduces a significant number of additional variables, in-

cluding expectations associated with other elements of musical expression (e.g., harmonic sequences,

melodic patterns, and timbral shifts). These variations can be captured by rewriting the probabil-

ities associated with syncopation and rhythmic surprisal as marginal probabilities over a broader

expectation space, which is defined as a generalized model of probabilistic musical expectation.
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2.2.2 Generalized Probabilistic Musical Expectation

The generalized surprisal function for a piece of music represented as a sequence of n events, notated

E = {et}t∈T with n = ∥T∥, and an associated set of structural constraints C ∼ Ds, where Ds is a

prior distribution over all possible sets of musical structures, including metre, harmonic and melodic

expectation, timbral shifts, dynamics, and more, would become:

S(E|C) = − 1

n
logP (E|C)

P (E|C) =
∏
t∈T

P
(
et|e→(t−1), C

) (2.13)

In this notation, e→(t−1) is the set of all preceding events. Given current experimental and

computational methods, this probability is not tractable. However, integrating over most musical

domains results in marginal distributions which are tractable. In the case of syncopation, this

marginalization to a rhythm r and a metrical context M can be written:

P (r|M) =

∫
E
r

∫
Ds
M

P
(
et|e→(t−1), C

)
dCdet (2.14)

This corresponds to integrating over all structural components except for metrical structure,

and then integrating over all components of the musical events except the onsets themselves. It

should be noted that such a procedure produces a probability distribution that is entirely endemic

to rhythmic data, which does not capture the kind of cross-modal expectations elicited by Gang and

Berger (1999). While the mathematics of the model can capture these variations in straightforward

fashion, this additional complexity is extremely difficult to measure in a perceptual context.

2.3 Empirical assessment of the probabilistic model

Like all conceptual models, the probabilistic theory of syncopation is not directly falsifiable, but

generates several concrete predictions which can be directly tested. Chief among these is the differ-

entiation between hierarchical deviation and rhythmic density in contributing to syncopation. To

assess the separation of these two sources of surprisal, I conducted one computational experiment

and three survey-based empirical experiments. The computational study aimed to find similari-

ties between computational measures of syncopation, while the three empirical studies assessed the

relationship between aggregate measures of density or hierarchical deviation and the perceived syn-

copation of randomly generated rhythms. Taken together, these experiments show not only that

extant measures of syncopation can be sorted into those that primarily measure density and those

that primarily measure hierarchical deviation, but also that perceived syncopation correlates with

the aggregate measures of hierarchical deviation and density as predicted by the probabilistic model.
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Figure 2.5: Example of a 16th-note rhythmic offset.

2.3.1 Study 1: Computational analysis

A dataset consisting of 10,000 rhythms was generated using Monte Carlo simulation methods to

create conditional probability tables and rhythms, seeking a uniform distribution of conditional

entropy values where the probability of an onset at each 16th note location is dependent on the

preceding four onsets. The first four onsets of each rhythm were generated from a uniform probability

distribution, since the conditional probability tables could not be applied.

Metrical offsets were applied to each rhythm to mimic shifts in the metrical contexts. These

offsets were accomplished by moving the first 16th-note subdivision to the end of the rhythm, as

demonstrated in Figure 2.5. A collection of nine syncopation measures – Keith’s measure (Keith,

1991); offbeatness (Toussaint, 2003), metrical complexity (Toussaint, 2002); weighted note-to-beat

distance at the whole note, half note, quarter note, and eighth note levels (Gómez et al., 2005); and

two implementations of Longuet-Higgins and Lee’s measure (Longuet-Higgins & Lee, 1984), which

differed by a constant (W. Fitch & Rosenfeld, 2007; L. Smith & Honing, 2006) – were then computed

for each rhythm at each offset, resulting in a collection of 36 measures per rhythm. In addition,

entropy was computed for each rhythm rather than for each offset, since it is not dependent on the

location of the metrical grid.

Results

Exploratory factor analysis was performed on the resulting data. Comparisons of the eigenvalues

for the generated potential factors indicated a three-factor model based on a cut-off for factors with

eigenvalues greater than 1 (Figure 2.6). The loadings for these three factors are shown in Table 2.1.

This model points to some similarities among the measures in question. In particular, these

results imply a division between measures with high positive loadings onto factor 1 and measures

with a relatively small-magnitude (< 0.3) loading onto factor 1, with the latter category further

segregating into factors 2 and 3 based on where their offset lands in the eighth-note metrical grid.

Additionally, measures that primarily load onto factor 1 occasionally have small negative loadings

onto factors 2 and 3, with offsets of 0 and 2 uniformly loading to factor 3 and offsets of 1 and 3

loading onto factor 2. The WNBD measures for metrical levels higher than a quarter note were not

implicated in metrical shifts at all, and the WNBD at the quarter note level was only implicated in
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Figure 2.6: Scree plot for parallel analysis of possible factors for the syncopation data.

factor 2 with a negative loading. Lastly, there were no measures that were split between the two

large groups (measures loading onto factor 1 vs. measures loading onto factors 2 or 3 depending on

the offset) for different offsets.

Discussion

The most striking feature of these data is the dichotomous sorting of the syncopation measures.

Based both on the lack of offset sensitivity in factor 1 and the non-hierarchical nature of the measures

primarily loaded there, it seems plausible that factor 1 is reflecting a non-hierarchical component

of syncopation such as density. Factors 2 and 3, on the other hand, are sensitive to offsets of the

metrical gird, and capture measures which are sensitive to hierarchical levels; this implies that those

factors together may be interpreted as measuring hierarchical deviations.

However, as this experiment was entirely computational, these data by themselves cannot be as-

sumed to have any connection to perceptual syncopation whatsoever. Further inquiry was necessary

to establish this identity between the groupings of the computational measures and the dissociated
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Figure 2.7: Examples of rhythms from pilot study.

terms in the probabilistic model proposed in this paper. The behavioral experiment was designed

to investigate the validity of this analogy.

2.3.2 Study 2: Pilot

The same measures from the computational experiment were computed for 10,000 randomly gen-

erated rhythms consisting of two measures of 16th-note subdivisions and converted into z-scores.

These z-scores were then averaged for the measures primarily connected to density (WNBD at each

metric level and Keith’s measure; off-beatness was not included in this analysis) and those connected

to hierarchical deviation (metrical complexity and both instantiations of Longuet-Higgins and Lee’s

measure), producing a two-dimensional space. The dimensions of this space were not strongly corre-

lated (β = 0.095), implying a reasonably clean dissociation between the two dimensions. Twenty-five

rhythms were then selected to be evenly distributed in that space, and a minimally syncopated and

maximally syncopated rhythm were also generated to use as examples. Examples of these rhythms

are shown in Figure 2.7. In addition, five attention-check rhythms were manually generated to

exhibit obviously minimal levels of syncopation.

Experimental procedure

For each rhythm, participants were played a click track at 120 bpm for one measure of common time

to prime the metric context. After these two measures, the click track continued with the rhythm

added for one cycle of the rhythm, consisting of two measures. The click and the rhythm were

played in different voices to differentiate between the two; the metronome was a woodblock while

the rhythm was a snare drum. All audio samples were generated using Sibelius 7 Sounds.

Participants were provided with a brief narrative detailing the experimental task which included

a definition of syncopation tailored to non-musicians reading ‘a syncopated rhythm is a rhythm that

has stresses, hits, or notes in unexpected places,’ and with examples of extremely syncopated and
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non-syncopated rhythms to serve as references. They were then asked to rate the syncopation of

each of the 25 selected rhythms on a continuous sliding scale. The attention-check rhythms were

distributed at regular intervals, and participants who rated more than one of the attention-check

rhythms to be more syncopated than any of the test rhythms were excluded from the final analysis.

After the experiment, participants answered some questions about their prior musical experience

and engagement.

Participants

Fifty participants (30 male, 19 female, 1 other) were recruited from Mechanical Turk, with the

condition that they were using a United States IP address. This restriction was intended to limit

participants’ prior musical exposure to Western musics as much as possible given the web-based

methodology. They were paid for their time. Participants’ mean age was 34.28 years (σ = 10.19),

and 11 self-reported as playing an instrument.

After exclusions due to the attention check responses, this sample was restricted to only 20

participants (14 male, 6 female) with a mean age of 32.8 (σ = 8.06), 7 of whom self-reported as

playing an instrument and 14 of whom reported listening to music on a daily basis. Although this

final sample was smaller than desired, it is comparable to previous studies asking participants to

rate the syncopation of rhythms.

Results

The reported syncopation ratings were correlated with both Longuet-Higgins and Lee’s measure

(Figure 2.8) and metrical complexity (Figure 2.9) to reproduce prior results; both correlations were

positive, and both were significant. In addition, linear mixed-effects models were used to predict

the perceptual syncopation ratings with each of the eight individual measures used to generate the

dataset separately; all musical experience and engagement measures with variation were included as

fixed effects in each model, and participant was included as a random effect. The AIC goodness-of-fit

measures for the resulting models were compared as an informal test of the relationship between each

measure and the perceived syncopation of the rhythm in question. These results are summarized in

Table 2.2.

It is apparent that the AIC values for the two implementations of Longuet-Higgins and Lee’s

measure are the lowest, indicating those models have the strongest fit, while those for the density-

based measures not only have lower AIC values, but also have a negative relationship with the

syncopation levels reported by participants.

Lastly, we fit a linear mixed model to the perceived syncopation ratings with fixed effects for

the aggregate density and hierarchical deviation measures used to define the two-dimensional sample

space. As with the previous models, the musical experience and engagement measures were included

as fixed effects and there was a random effect of the participants. The significant fixed effects of
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Figure 2.8: Regression between perceived syncopation and Longuet-Higgins and Lee’s computational
measure.

Figure 2.9: Regression between perceived syncopation and computed metrical complexity.
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Figure 2.10: Relationship between perceived syncopation and Density, Hierarchical Deviation fac-
tors.

this analysis are summarized in Table 2.3, and the relationships between both veridical syncopation

(density) and schematic syncopation (hierarchical deviation) and perceived syncopation are shown

in Figure 2.10. There were no significant interactions in these results. This analysis was repeated

with fixed effects for density and hierarchical deviation separately, resulting in nearly identical effect

sizes and p-values.

Discussion

The univariate correlations successfully replicated the results from both Smith and Honing (L. Smith

& Honing, 2006) and Gómez, Thul, and Toussaint (Gómez, Thul, & Toussaint, 2007), implying both

that this implementation of their measure was accurate and that the syncopation rating obtained

from participants broadly aligns with the data used in those studies. Furthermore, the AIC com-

parison for the mixed models featuring each measure individually support the clustering of these

measures into distinct density- and hierarchical deviation-based groups, which are distinguished both

by the sign of each measure’s relationship with the participants’ syncopation ratings and by the AIC

values themselves. Generally speaking, hierarchically dependent measures (both implementations of

Longuet-Higgins and Lee’s measure and metrical complexity, in this study) are better-aligned with

perceptual syncopation ratings, which is reflected by lower AIC values. This result aligns with the

clustering analysis performed by Gómez, Thul, and Toussaint (Gómez et al., 2007), which found a

similar result.

The aggregate mixed effects model’s results detailing the relationships among density, hierarchical
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deviation, and perceived syncopation have a few primary implications. First, although playing an

instrument and listening to music frequently both have significant impacts on syncopation ratings

(playing an instrument results in higher perceived syncopation overall, while listening “often” as

opposed to “daily” results in lower overall syncopation ratings), there were no statistically significant

interactions. This may well be due to problems with the sample size: only five participants reported

listening to music ‘often’ as opposed to “daily,” and only one reported listening to music “sometimes.”

However, the strongly significant main effects of both density (β = −0.08) and hierarchical deviation

(β = 0.1) both align with the implications of the probabilistic model of syncopation.

Although there were no statistically significant interactions, visual inspection of the effect of

both playing an instrument and frequency of music listening on the relationships between perceived

syncopation and both the density and hierarchical deviation aggregate measures implies that a

larger and more diverse sample may be necessary to observe these interaction effects. In particular,

it appears that playing an instrument heightens sensitivity to hierarchical expectation. However, no

consistent conclusions may be drawn from these data.

2.3.3 Study 3: Confirmation

The pilot study had several notable limitations that needed to be addressed in any subsequent

confirmation study. These limitations broadly fall into two categories: issues intrinsic to the survey,

and issues intrinsic to the sample. The definition of syncopation was still insufficiently intelligible

for non-musicians, and the rhythms were presented with a click track that induced a beat, but

not necessarily a meter. All of the rhythms were also presented in the same tempo, raising the

possibility that participants entrained to the common pace and skewed their perceptions of the

rhythmic hierarchy. In addition, the questions addressing musical experience were very broad,

placing a high interpretive burden on the participants and reducing the interpretability of their

responses. Lastly, the high rejection rate both raised concerns about the strictness of the rejection

criteria and resulted in an underpowered initial sample.

These concerns were addressed in a third experiment, building on the framework of the second.

In this experiment, 13 rhythms were selected from the same space as in the pilot, again distributed in

a grid covering the two-dimensional space defined by the density and hierarchical deviation factors.

These rhythms are shown in Figure 2.11. An additional 5 rhythms were chosen to optimally cover the

space defined by Longuet-Higgins and Lee’s syncopation measure as applied to a 3/4 and 6/8 metrical

context, resulting in one rhythm with low, moderate, and high syncopation in both meters and one

with high syncopation in each, but low syncopation in the other. These 5 rhythms (Figure 2.12) were

presented with both a 3/4 and a 6/8 metrical prime. In each case, the priming sequence continued

underneath the rhythm.
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Figure 2.11: Common-time rhythms from confirmation study.

Figure 2.12: 3/4 and 6/8 rhythms from confirmation study, with both metrical contexts. Red
corresponds to the strong 3/4 beats, blue represents the strong 6/8 beats, and black represents the
overlaps.



CHAPTER 2. SYNCOPATION AS PROBABILISTIC EXPECTATION 47

Experimental procedure

For each rhythm, participants were played two measures of a priming sequence consisting of a bass

drum kick on the downbeat and hi-hat strikes on each pulse. This context varied depending on

the rhythm: common-time and 3/4 rhythms had hi-hat strikes on each quarter note, while 6/8

rhythms had hi-hat strikes on each dotted quarter note. After these two measures, the metrical

prime continued with the rhythm added for two cycles of the rhythm, consisting of two measures

each. The rhythm was played on a snare drum to differentiate it from the metrical prime. The

tempo of these rhythms were selected from a Gaussian distribution with a mean of 100 (σ = 10)

beats per minute (4/4 and 3/4 rhythms) or 80 (σ = 10) beats per minute (6/8 rhythms); these

means were chosen to prevent the 6/8 rhythms from being too fast to rate effectively. All audio

samples were generated using Sibelius 7 Sounds.

Participants completed a questionnaire developed on Qualtrics. They were provided with a brief

narrative detailing the experimental task which included a definition of syncopation tailored to non-

musicians reading “a syncopated rhythm is a rhythm where an expected event doesn’t happen when

you think it should and/or an unexpected event happens when you think it shouldn’t” and with

examples of extremely syncopated and non-syncopated rhythms to serve as references. They were

then asked to rate the syncopation of each of the 23 selected rhythms and 6 attention-check rhythms

on a continuous sliding scale. Participants were not informed which rhythms were the attention

checks. The attention-check rhythms were distributed at regular intervals; after the experiment,

each participant’s average syncopation rating of the attention check rhythms was compared to their

mean rating for the relevant rhythms, and participants with either no significant difference or a

higher attention-check syncopation were excluded from the final analysis. After the experiment,

participants completed the Goldsmiths Musical Sophistication Index (Müllensiefen, Gingras, Musil,

& Stewart, 2014) and answered a brief questionnaire about their experience in the study.

Participants

100 participants were recruited using Prolific.co to obtain a United States-specific, gender-balanced

sample. They were paid for their time. After exclusions due to the attention check responses, this

sample was restricted to 61 participants (33 male, 27 female, 1 other) with a mean age of 33.8 years

(σ = 12.8). Most (57) had some college or a college degree.

Results

As in the pilot data, both implementations of Longuet-Higgins and Lee’s measure and metrical

complexity had significant positive correlations with perceived syncopation (Figure 2.13). None of

the other measures (Keith’s measure and all four versions of weighted note-to-beat distance) had

significant relationships with perceived syncopation.
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Figure 2.13: Regressions from confirmation study between perceived syncopation and Longuet-
Higgins and Lee’s measure, metrical complexity.

A linear mixed-effects model predicting perceived syncopation of the common-time rhythms by

density and hierarchical deviation, with a random effect of the individual participant, revealed a

strong positive main effect of hierarchical deviation on syncopation, with a significant interaction

between hierarchical deviation and density (Table 2.4). As the density increased, the strength of the

positive relationship between hierarchical deviation and syncopation diminished. This interaction

is shown in Figure 2.14. When controlling for Goldsmiths MSI subscales for Active Engagement,

Perceptual Abilities, and Musical Training, the strong positive main effect of hierarchical deviation

and negative interaction between hierarchical deviation and density were joined by a positive main

effect of density (Table 2.5); however, none of the Goldsmiths subscales were significantly related to

perceived syncopation. This interaction is shown in Figure 2.15.

The 3/4 and 6/8 rhythms had strong positive relationships between their perceived syncopation

and Longuet-Higgins and Lee’s measure in both meters regardless of the priming context (Fig-

ure 2.16). A mediation analysis revealed that the majority of this effect was mediated through the

onset rate, defined as the number of potential onsets per minute. The linearity of the relationship

between onset rate and perceived syncopation is immediately apparent in Figure 2.17.

Discussion

These data broadly support the relationship between measures of syncopation in the Hierarchical

Deviation factor and perceived syncopation. The presence of such a relationship even when control-

ling for musical experience and sophistication implies that it draws on lower-level cognitive processes
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Figure 2.14: Interaction between Hierarchical Deviation, Density when predicting perceived synco-
pation in confirmation study.

Figure 2.15: Interaction between Hierarchical Deviation, Density controlling for Goldsmiths MSI
when predicting perceived syncopation in confirmation study.
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Figure 2.16: Regressions from confirmation study between perceived syncopation of 3/4 and 6/8
rhythms and Longuet-Higgins and Lee’s measure in both 3/4 and 6/8 contexts.

Figure 2.17: Relationship between onset rate and perceived syncopation across 3/4, 6/8 metrical
contexts in confirmation study.
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that are not specific to music. Unlike in the pilot study, there is no negative main effect of Density

on perceived syncopation; however, the negative interaction between Density and Hierarchical Devi-

ation implies a dependency between the two parameters. Given the separability of the two factors,

this may indicate that the assumption of independent onset probabilities is overly simplistic.

The data involving the 3/4 and 6/8 rhythms are somewhat more complex. While the absence of a

significant interaction between metrical prime and measure context was surprising, and contradicted

the hypothesis that changing the metrical context would alter the perceived syncopation, this was

almost entirely mediated by differences in the onset rate between the 3/4 and 6/8 rhythms. This

implies that there are cognitive constraints such as working memory and the grouping of dense

stimuli into clumps or patterns that impact syncopation judgments, but lie outside the probabilistic

model itself. Due to the systematic co-variance of onset rate and metrical prime, the data from this

experiment were insufficient to disentangle these possible confounds.

2.3.4 Study 4: Refinement

While the confirmation study supported the probabilistic theory of syncopation perception, the data

on 3/4 and 6/8 rhythms indicate a potentially larger role of onset rate than previously theorized. To

assess this directly, and to disentangle the effect of onset rate from the impact of metrical priming

context, another experiment was conducted. In this experiment, 6 rhythms were selected to have

contrasting syncopation in a 3/4 and 6/8 context, as assessed by Longuet-Higgins and Lee’s mea-

sure. The resulting six rhythms were presented with both a 3/4 and 6/8 metrical prime, as well as at

tempos mirroring the realized onset rates of the 3/4 and 6/8 rhythms from the previous experiment.

These conditions were crossed in a two-by-two factorial design, resulting in 24 rhythm presentations.

Table x shows the expected and realized onset rates in both renditions of this experiment. Exper-

imental rhythms were interspersed with low-syncopation attention-check rhythms featuring onsets

at the eight-note, metric pulse, and measure downbeat level, respectively. Figure 2.18 shows the six

experimental rhythms with both of the possible metrical contexts.

Experimental procedure

For each rhythm, participants were played two measures of a priming sequence consisting of a bass

drum kick on the downbeat and hi-hat strikes on each pulse. This context varied depending on

the rhythm: 3/4 rhythms had hi-hat strikes on each quarter note, while 6/8 rhythms had hi-hat

strikes on each dotted quarter note. After these two measures, the metrical prime continued with

the rhythm added for two cycles of the rhythm, consisting of two measures each. The rhythm was

played on a snare drum to differentiate it from the metrical prime. All audio samples were generated

using Sibelius 7 Sounds.

Participants completed a questionnaire developed on Qualtrics using an identical format to

Experiment 3. They were provided with the same brief narrative and definition of syncopation,
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Figure 2.18: Experimental rhythms for refinement study, with both 3/4 and 6/8 metrical contexts.
Red corresponds to the strong 3/4 beats, blue represents the strong 6/8 beats, and black represents
the overlaps.

along with examples of extremely syncopated and non-syncopated rhythms drawn from the two-

dimensional space defined by the computationally assessed syncopation ratings in 3/4 and 6/8

contexts to serve as references. They were then asked to rate the syncopation of each of the 24

selected rhythms and 5 attention-check rhythms on a continuous sliding scale. Participants were not

informed which rhythms were the attention checks. The attention-check rhythms were distributed at

regular intervals; after the experiment, each participant’s average syncopation rating of the attention

check rhythms was compared to their mean rating for the relevant rhythms, and participants with

either no significant difference or a higher attention-check syncopation were excluded from the final

analysis. After the experiment, participants again completed the Goldsmiths Musical Sophistication

Index (Müllensiefen et al., 2014) and answered a brief questionnaire about their experience in the

study.

Participants

100 participants were recruited using Prolific.co to obtain a United States-specific, gender-balanced

sample. They were paid for their time. After exclusions due to the attention check responses, this

sample was restricted to 64 participants (29 male, 33 female, 2 other) with a mean age of 32.7 years

(σ = 13.8). Most (55) had some college or a college degree.

Results

A mixed effects linear model predicting perceived syncopation from metrical prime type (3/4 or 6/8),

measure type (3/4 or 6/8), measured syncopation, onset rate, and the Goldsmiths MSI subscale

for musicla training, with a random intercept effect for each participant, revealed several strong
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Figure 2.19: Relationship between measured and perceived syncopation across metrical primes and
measure types.

effects (Table 2.6). Onset rate had a strongly significant and positive relationship with perceived

syncopation, and rhythms with a 3/4 prime were perceived as being significantly less syncopated

than those with a 6/8 prime. Interestingly, neither measured syncopation nor measure type had a

significant main effect on perceived syncopation in this experiment.

However, the two significant interactions indicate a potential complexity to this relationship.

Breaking down the relationship between measured and perceived syncopation by both measure and

prime type, as indicated by the three-way interaction, reveals that the perceived syncopation of

rhythms with a 3/4 prime were positively related to the measured syncopation when using a 3/4

framework, and negatively related to the measured syncopation when using a 6/8 framework. This

aligns with the negative relationship between 3/4 and 6/8 measured syncopation in the sample

rhythms.

Discussion

Although the lack of a significant main effect between measured and perceived syncopation seems

surprising at first glance, the strongly significant interaction effects imply that this is due to a strong

dependence of this relationship on the metrical prime and the hierarchical structure employed by the

syncopation measures. In fact, the relationships for rhythms with a 3/4 prime behave precisely as

predicted by the probabilistic model of syncopation: measured syncopation within the 3/4 framework

is positively related to respondent’s perception of the extent to which they fit the expectation-based

definition of syncopation. The negative relationship between measured syncopation from a 6/8
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context is driven by the construction of the stimuli, and further implies a sensitivity to the primed

metrical context.

The lack of a significant relationship between measured and perceived syncopation for rhythms

with a 6/8 prime, combined with the significantly higher syncopation ratings for rhythms with 6/8

primes overall, implies a difference in the strength of the hierarchical prior instantiated by the two

meters. These results are consistent with listeners having weaker priors associated with 6/8 rhythms,

whether through less exposure to 6/8 rhythms or do to the initial similarities between 6/8 and 2/4

meters which could lead to almost all onsets generating surprise. In fact, the difference between these

patterns, especially when controlling for onset rate and musical training, indicates that there is some

form of hierarchical expectation that is reflected in both the computational measure of syncopation

and the cognitive processes involved in determining the syncopation of these rhythms.

2.4 Conclusions

These results offer compelling evidence for the theorized connection between syncopation and hier-

archical rhythmic expectation. In particular, they follow the predictions of a probabilistic Bayesian

account of this hierarchical expectation, incorporating both low-level cognitive processes such as

prediction and cultural norms about musical meter.

However, two key results indicate that this probabilistic model is likely too simple. First, the

strong positive relationship between onset rate and perceived syncopation, apparent in the 3/4

and 6/8 rhythms in both Experiments 3 and 4, implies that perceived syncopation is influenced

by factors outside the structure of the rhythm itself. This aligns with the positive main effect

of density on perceived syncopation from Experiment 3. However, Experiment 3 also revealed a

negative interaction between density and hierarchical deviation: as density increased, the relationship

between hierarchical deviation and perceived syncopation became less relevant. Taken together,

these results imply that tempo or onset rate takes on a dual role in perceptions of syncopation.

On the one hand, faster rhythms are perceived as more surprising in general, leading to overall

increases in syncopation ratings. However, as the density of onsets increases, the metric hierarchy

becomes less relevant in determining expectations. Therefore, tempo is both a factor in producing

expectations and a constraint on the induction or application of hierarchical prediction. Recent

work has demonstrated that music with higher event rates show less-frequent and smaller evoked

neural responses (Haumann et al., 2021), which aligns with the interpretation that it is simply harder

to discern event-level hierarchies when the events are sufficiently fast. In probabilistic terms, this

implies that the strength of the metrical prior is dependent on the rate at which onsets occur.

Second, the stark differences in how perceived syncopation of 6/8 and 3/4 rhythms were related

to underlying measures, revealed in Experiment 4, imply a far greater role of the metrical prior than

previously theorized. Equation 2.11 shows how hierarchical deviation is directly proportional to
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logP (M |ek). Implicit in this representation of hierarchical deviation is a sensitivity to the shape of

the probability distribution P (M |ek): a stronger prior corresponds to a more focused distribution,

with more probability density concentrated on a few possible hierarchies, while a weaker prior invokes

a flatter, more evenly-spread distribution. The different results from the 6/8 and 3/4 rhythms imply

that, for this set of listeners, the 3/4 primes induced a strong prior expectation of the metrical

hierarchy, while the 6/8 prime did not. However, these results do not provide direct evidence of such

behavior, because the stimuli were not designed with such an effect in mind.

In both cases, more detailed study is clearly needed to assess the validity of these explanations.

The current stimulus set and experimental paradigm are, put simply, insufficient to test these par-

ticular hypotheses. However, both claims revolve around the influence factors outside the rhythm

itself have on the strength of the hierarchical prior. It is likely that a systematic account of the

predictive prior would generate falsifiable hypotheses.

These results also provide strong evidence that hierarchical expectation is driven by cognitive

capacities that are not necessarily unique to music or musical processing. Both Experiment 3 and

Experiment 4 demonstrated robust results even when controlling for the subscales in the Gold-

smiths MSI, particularly musical training. This implies that while the cognitive processes driving

the perception of syncopation may be impacted by musical training and experience, they exist inde-

pendently of these phenomena. In fact, this result may be the most compelling in the study, since it

supports the hypothesis that syncopation may be thought of as a musical instantiation of a low-level

psychological process, as predicted by the culture-cognition mediator model.

However, such a view immediately implies a more general constraint on these results pertaining

to the cultural specificity of the samples. The culture-cognition mediator model implies that cultural

norms should impact the perception of syncopation; however, none of the experiments described here

assessed this kind of variability. In fact, due to the focus on the cognitive prediction processes, each

sample was explicitly constructed to minimize variation in cultural norms. Further experimentation

should expand on this by systematically sampling across musical cultures.

The four experiments detailed here provide compelling evidence that syncopation can be ef-

fectively modeled using Bayesian probabilistic formulations, that individuals’ perceptions of syn-

copation are sensitive to the induced metrical hierarchy, and that syncopation reflects a low-level

cognitive predictive process independent of musical training or exposure. They also indicate several

potential avenues for future study, including a careful investigation of how elements of the broader

musical context impact the strength of the hierarchical prior and a systematic study of how variation

in culture-related musical norms affects the perception of rhythmic syncopation. In all, they support

the hypotheses that syncopation is a manifestation of hierarchical rhythmic expectation and that

it is driven by a combination of low-level cognitive processes and pre-existing musical norms and

constraints.
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Factors

Measure Offset 1 2 3

Offbeatness 0 0.91 −0.36
Offbeatness 1 0.91 −0.37
Offbeatness 2 0.91 −0.36
Offbeatness 3 0.91 −0.37
WNBD-1 0 0.88
WNBD-1 1 0.87
WNBD-1 2 0.89
WNBD-1 3 0.89
WNBD-2 0 0.91
WNBD-2 1 0.9
WNBD-2 2 0.91
WNBD-2 3 0.92
WNBD-4 0 0.93
WNBD-4 1 0.92 −0.31
WNBD-4 2 0.93
WNBD-4 3 0.93 −0.3
WNBD-8 0 0.87 −0.42
WNBD-8 1 0.87 −0.42
WNBD-8 2 0.87 −0.42
WNBD-8 3 0.86 −0.44
Keith 0 0.93
Keith 1 0.93
Keith 2 0.94
Keith 3 0.94
LHL (Smith and Honing) 0 0.85
LHL (Smith and Honing) 1 0.86
LHL (Smith and Honing) 2 0.88
LHL (Smith and Honing) 3 0.88
LHL (Fitch and Rosenfeld) 0 0.84
LHL (Fitch and Rosenfeld) 1 0.85
LHL (Fitch and Rosenfeld) 2 0.87
LHL (Fitch and Rosenfeld) 3 0.87
Metrical complexity 0 0.5
Metrical complexity 1 0.59
Metrical complexity 2 0.64
Metrical complexity 3 0.6

Table 2.1: Factor analysis on syncopation measures at 16th-note offsets, with no loadings with
magnitude under 0.3 shown (TLI = 0.216, RMSEA = 0.494).
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Measure β AIC
LHL - Fitch & Rosenfeld 0.026 21.38
LHL - Smith & Honing 0.018 19.47

Metrical complexity 0.018 37.62
Keith -0.012 48.23

WNBD (whole note) -0.004 47.68
WNBD (half note) -0.011 50.37

WNBD (quarter note) -0.035 50.47
WNBD (eighth note) -0.123 55.21

Table 2.2: Main effect coefficients and AIC values for individual measures. The reported coefficients
are those relating the measure to the observed syncopation value directly.

β SE t p
(Intercept) 0.39 0.06 7.05 < 0.001***
Hierarchy 0.11 0.03 3.93 < 0.001***
Density -0.08 0.03 -3.22 < 0.01**

Hierarchy:Density -0.04 0.02 -2.42 < 0.05*

Table 2.3: Significant fixed effects for Experiment 2 linear mixed effects model.

β SE t p
(Intercept) 43.33 1.67 28.3 < 0.001***
Hierarchy 3.99 0.54 7.40 < 0.001***
Density 0.26 0.46 0.57 0.57

Density:Hierarchy -1.29 0.28 -4.57 < 0.001***

Table 2.4: Fixed effects for Experiment 3 linear mixed effects model, without Goldsmiths MSI.

β SE t p
(Intercept) 44.55 6.48 6.87 < 0.001***
Hierarchy 1.80 0.44 4.06 < 0.001***
Density 0.95 0.38 2.50 < 0.05*

Active Engagement -0.07 0.17 -0.44 0.66
Perceptual Abilities 0.19 0.19 1.01 0.32

Musical Training -0.07 0.16 -0.40 0.69
Density:Hierarchy -1.42 < 0.001***

Table 2.5: Fixed effects for Experiment 3 linear mixed effects model, controlling for Goldsmiths
MSI.
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β SE t p
(Intercept) 35.16 4.36 8.07 < 0.001***

Prime type (3/4) -12.51 1.30 -9.66 < 0.001***
Measure type (3/4) -0.12 1.30 -0.09 0.93

Measured syncopation -0.85 0.87 -0.97 0.33
Onset rate 0.04 0.01 5.46 < 0.001***

Musical Training 0.11 0.13 0.93 0.36
Prime type:Measure type 0.39 1.84 0.21 0.83

Prime type:Measured syncopation -6.03 1.23 -4.91 < 0.001***
Measure type:Measured syncopation -0.02 1.18 -0.02 0.98

Prime:Measure:Measured syncopation 11.08 1.67 6.65 < 0.001***

Table 2.6: Fixed effects for Experiment 3 linear mixed effects model.



Chapter 3

Music selection for mood

regulation across cultures

3.1 Emotion and culture

The entanglements between emotion and culture have been of central concern to psychologists for

decades. Many of the earliest studies probing this set of relationships concerned physical expres-

sions of emotion (Ekman & Cordaro, 2011; Ekman et al., 1987; Izard, 1971). In particular, these

approaches emphasized the ability of people in disparate cultures to recognize emotions from each

other’s facial expressions (Ekman & Friesen, 1971). This evidence was taken to imply that human

emotion is, at its foundation, both universally felt and universally expressed, giving rise to what

would later be called the basic emotions theory. Under this framework, there exists a finite set

of discrete emotions that are directly tied to specific facial expressions (Ekman & Cordaro, 2011).

Cultural variability in facial expressions associated with emotions is then associated with display

rules (Buck, 1984; Ekman et al., 1987; Matsumoto, 1990; Matsumoto & Kudoh, 1993), or learned

modifications to the instinctual muscular response to discrete, basic affect states. However, more

recent results have contradicted the presumed universality of the ability to recognize discrete emo-

tional states in facial expressions between cultures (Gendron, Roberson, van der Vyver, & Barrett,

2014), casting doubt on the inter-cultural validity of the basic emotions hypothesis.

The basic emotions theory itself has also become increasingly controversial since the 1990s, as

two competing ontologies of emotion – appraisal theory and constructionist theory – have emerged,

contesting the assumed discreteness of basic emotions and the separation of instinctual physiological

responses and display rules, respectively. Appraisal theorists assert that emotions are comprised of

specific appraisals about sensory stimuli or experiences, and that these appraisals are continuously-

varying both in time and in a hypothetical affective space (Ellsworth, 2013). Often, this affective

59
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space is based on Russell’s circumplex model of core affect (Russell, 1980), which posits that emotions

are better conceived as continuous variation in at least two dimensions: valence, or the perceived

pleasantness of an emotion ranging from negative to positive, and arousal, or the autonomic activa-

tion associated with an emotion ranging from high (excited) to low (sedate). This model structure

relies on a systematic and predictable relationship between emotion and meaning that has been

described as a set of empirically-verifiable “laws” (Frijda, 1988).

Psychological constructionism, on the other hand, argues both that the circumplex model that

is central to appraisal theory is only one component of the broader phenomenon of emotion and

that emotions are not comprised of appraisals of external situations so much as inferences based on

collections of low-level psychological phenomena, each of which is not specific to emotion (Gendron

& Barrett, 2009). In this view, core affect combines with a variety of other low-level cognitive

capacities such as body-directed and visuospatial attention, executive control, sensory perception,

and constructing representations or concepts from prior experiences to inform the experience of

emotion (Lindquist & Barrett, 2012). Some constructionist models include mechanisms by which

collections of continuously-varying low-level parameters give rise to perceived emotional categories,

essentially deriving basic emotions from the psychological construction hypothesis (Barrett, 2006b,

2009; Russell, 2003). Crucially, constructionist views of emotion are often less deterministic than

appraisal theories, making them more flexible and more similar to (and, on occasion, reliant on)

emerging models of probabilistic cognitive inference.

The most significant distinction among these theories concerns whether or not emotions are nat-

ural kinds, or “phenomena that are given by nature, have similar observable properties, and are

alike in some significant way” (Izard, 2007, p. 261). There exists empirical evidence supporting

both the idea that emotions are natural kinds (Lench, Flores, & Bench, 2011; Sznycer & Cohen,

2021) and that they are not (Barrett, 2006a; Barrett et al., 2007; Lindquist et al., 2013). This empir-

ical indeterminacy implies that the distinctions among them may be differences of emphasis rather

than ontological validity. For instance, equating emotion with its expression, as is common in basic

emotions approaches, may simply ignore the entire constructionist process, in which case consisten-

cies across cultures would indicate the presence of universal faculties somewhere in the construction

of emotion, but would not imply that emotion itself is universal. Similarly, appraisal theory can

be viewed as a constructionist approach that factors all influences other than core affect out into

discrete appraisals, essentially extending the circumplex into a well-defined multidimensional space

rather than a collection of cognitive parameters that may or may not be easily parametrizable. In

essence, basic emotions theory is concerned with shown emotion, appraisal theory with felt emotion,

and psychological constructionism with the implementation of emotion.

Different levels of analysis notwithstanding, each of these theoretical approaches aims to explain

both the communicability of emotions between individuals and the ways in which cultural similarities

or differences can aid or impede such communication. The immediacy of this project is exemplified
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in work explicitly probing the relationship among culture, emotion, and the individual’s experience.

Markus and Kitayama firmly situate emotion in the mutually-constitutive cycle of cultures and

selves discussed in Chapter 1, arguing that since emotions and, in particular, emotional meanings are

socially embedded (Lutz, 1988), cultural variation in self-construal should lead to cultural variation

in emotional meanings (Markus & Kitayama, 1991). This is a crucial component of their particular

implementation of mutual constitution (Markus & Kitayama, 1994), because it situates emotion –

or, as they put it, “ways of feeling” (p. 573) – among the internalized psychological tendencies that

are shaped by cultural norms and which shape actions. In other words, in this version of mutual

constitution, emotion is a mediator between culture and action.

Further research has specified the types of influence culture has on emotional experience. One

such strand of research, pioneered by Tsai and colleagues, emphasizes the particular influence of

culture on the valuation of affective states (Tsai, 2007; Tsai, Knutson, & Fung, 2006). The resulting

theoretical framework, affect valuation theory (AVT), posits that while individuals across cultures

feel similar emotional states, they differ in which emotions they want to feel. In particular, Tsai

has shown that people from individualist cultures, characterized by an independent self-construal,

tend to value high-arousal positive (HAP) states more than people from collectivist cultures with

interdependent self-construals, while people with interdependent self-construal value low-arousal

positive (LAP) states more than their individualist counterparts (Tsai et al., 2006).

Case studies have also connected cultural variables to affective states associated with various

cultural products, including children’s books (Tsai, Louie, et al., 2007), amusement park rides (Chim,

Hogan, Fung, & Tsai, 2018), and religious beliefs and practices (Tsai, Miao, & Seppala, 2007). These

results imply both that cultures differ significantly in how they value affective states and that these

norms are constructed, in part, through the creation and consumption of cultural products. Under

such a framework, the analysis of affective responses to cultural products and behaviors can provide

valuable insights into the structure, norms, and expectations of cultures themselves (Bencharit et

al., 2019; Tsai et al., 2016).

3.1.1 The musical connection

Music is among the cultural products most directly tied to emotion, given its established facility

for inducing or communicating emotional states (Juslin, 1997; Meyer, 1956; Sloboda, 1991). This

capacity has formed the basis of research in music psychology since the 1950s, and has branched

into several other fields, most notably neuroscience and music theory.

Neural correlates of music perception include activity in areas associated with emotion, such as

the amygdala (Koelsch & Skouras, 2014; Koelsch et al., 2013), hippocampus (Baumgartner, Lutz,

Schmidt, & Jäncke, 2006; Brown, Martinez, & Parsons, 2004), and parts of the ventral striatum

(Koelsch et al., 2006; Menon & Levitin, 2005; Salimpoor, Benovoy, Larcher, Dagher, & Zatorre,

2011). Some studies have found context-dependence in these relationships, such as those finding
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that the ventral striatum is more heavily involved in happy music while the amygdala and hip-

pocampus are more involved in processing sad music (Mitterschiffthaler, Fu, Dalton, Andrew, &

Williams, 2007), or that activation in the amygdala requires the presence of a visual stimulus (Eldar,

Ganor, Admon, Bleich, & Hendler, 2007). In a meta-analysis of these results, Koelsch demonstrated

that they collectively define a consistent network of neural regions for processing musical emotion

(Koelsch, 2014). These emotions have been linked to the pleasure induced by listening to music

(Salimpoor, Benovoy, Longo, Cooperstock, & Zatorre, 2009), and functional connectivity between

regions associated with musical emotion, particularly the amygdala and ventromedial prefrontal

cortex, and the nucleus accumbens has been shown to relate to perceived value of music listening

(Salimpoor et al., 2013).

Further, unexpected chords have been found to produce neural responses associated with surprise,

particularly the early right anterior negativity (ERAN), along with changes in skin conductance as-

sociated with emotional responses to the stimulus (Koelsch, Kilches, Steinbeis, & Schelinski, 2008).

This aligns with the canonical view that surprisal, or the violation of an established musical expec-

tation, is central to music-induced emotions (Meyer, 1956). However, a straightforward relationship

between expectation-violation and emotional responsiveness is complicated by a positive relationship

between familiarity and both affective arousal and listening pleasure (Van Den Bosch, Salimpoor, &

Zatorre, 2013).

As this neurological and psychological research began to flourish, music theorists increasingly

grappled with the implications of these results for musical analysis and composition. Lerdahl pro-

posed a theory of separate perceptual grammars, or expectations learned from prior knowledge,

for composers and listeners (Lerdahl, 1992). As a composer, Lerdahl positioned this distinction

between the composer’s grammar and the listener’s grammar as both an explanation for divergent

responses to 20th-century art music among various audiences and as a consideration for his and

others’ compositional practices.

Around the same time, Narmour proposed his implication-realization (I-R) theory of melodic

syntax, situating it explicitly as a musical realization of Meyer’s theories of expectation and music-

induced emotion (Narmour, 1990, 1991). His separation of expectation into distinct systems – top-

down, or prior-based; and bottom-up, or stimulus-based – which interact with each other but operate

largely independently was later extended by Bharucha (1993) and Huron (2006) to include several

varieties of musical expectation. Still others designed theories of musical tension (E. H. Margulis,

2005) or forces (Larson, 2002, 2004) which (implicitly or explicitly) rely on Gestalt principles such

as continuation, closure, and similarity. Since all these approaches operate under the framework

established by Meyer, each scholar situates their respective theory of expectation as a music-theoretic

model of music-induced emotion, or at least some aspect thereof.

Such music-theoretic approaches to musical expectation and emotion implicitly encode cultural
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influences as part of the listener’s prior knowledge, whether that encoding is described as a gram-

mar or a top-down or schematic expectation. However, they do not engage directly with cultural

variations in the ontology and representation of emotions themselves. Eerola and Vuoskoski directly

compared the basic-emotions and appraisal theories of emotion in musical contexts, concluding that

the appraisal-based parametrization of affect outperformed the basic emotions version in emotionally

ambiguous pieces (Eerola & Vuoskoski, 2011). They asked participants to rate the perceived emotion

of each piece of music. Increasingly, scholars differentiate between perceived emotion, or the emotion

a piece of music communicates, and induced emotion, or the emotional response to listening to a

piece of music (Gabrielsson, 2001; Kawakami, Furukawa, Katahira, & Okanoya, 2013). Recently,

several studies have demonstrated cultural variation in music-induced emotion that may not be ap-

parent in perceived musical emotions (Juslin, Barradas, Ovsiannikow, Limmo, & Thompson, 2016;

Saarikallio et al., 2021).

These results provide support for several proposed models that explicitly focus on induced emo-

tion as a separate cognitive phenomenon (Juslin, 2013; Juslin, Liljeström, Västfjäll, & Lundqvist,

2010; Juslin & Västfjäll, 2008). Most notable of these is Juslin’s BRECVEMA framework, which

identifies eight key mechanisms involved in the induction of musical emotions: brain stem reflexes,

rhythmic entrainment, evaluative conditioning, contagion, visual imagery, episodic memory, musical

expectancy, and aesthetic judgment (Juslin, 2013). In his view, these mechanisms feed into an over-

arching process of cognitive appraisal which is thought to be external to the core framework; this

aligns the BRECVEMA structure with appraisal theories of emotion, although it contains clear con-

structionist elements. Most importantly, the BRECVEMA framework describes mechanisms leading

to the induction of musical emotions, not their recognition.

This distinction implies a dual functionality for music, where it is efficacious in both interpersonal

and intrapersonal settings. Recent research has probed the extent to which music is used as what

DeNora calls a “technology of the self” (DeNora, 1999), or a tool used to regulate or maintain

emotions and affective states and to form a sense of identity. In the decades since, there has been

substantial evidence of music’s utility for emotional regulation at various stages in development

(Saarikallio, 2011b; Saarikallio & Erkkilä, 2007) and for various purposes (Carlson et al., 2015;

Sloboda et al., 2001; Thoma, Ryf, Mohiyeddini, Ehlert, & Nater, 2012). As described in Chapter 1,

the use of music for mood regulation is one of the most clearly-established functional characteristics

of music listening (Schäfer et al., 2013). As Carlson, et al. show, these uses are not always associated

with optimal outcomes (Carlson et al., 2015), implying that the ways music-based mood regulation

manifests in an individual’s behavior may depend on forces outside the internal psyche.

The mutual constitution framework indicates these forces may, in part, be ascribed to cultural

patterns of behavior and association. However, until the last few years, this research had not

contended directly with the impact culture has on both emotion and music, notwithstanding scholars

calling for a “cultural turn” in music psychology (Allesch & Krakauer, 2006). Rather, cultural studies



CHAPTER 3. MUSIC SELECTION FOR MOOD REGULATION ACROSS CULTURES 64

of music operating from DeNora’s framework tend to emphasize its utility for actualizing self-identity

and personal historical narrative (Hesmondhalgh, 2008).

Instead, cultural factors have been most prominent in studies of perceived emotions, where the

main concern is with the universality of these perceived affective states. Remarkably, the results of

these inquiries seem directly tied to the emotional framework implied by the study’s methodologies.

Research operating from a basic-emotions foundation tends to find evidence for universality of per-

ceived emotion (Balkwill & Thompson, 1999; Balkwill, Thompson, & Matsunaga, 2004; Egermann,

Fernando, Chuen, & McAdams, 2015), as do studies of underlying biomechanical tendencies such as

rhythmic priors (Jacoby & McDermott, 2017). However, these studies can suffer from the Western-

centric delineation of basic emotional states themselves (Saarikallio, 2011a; Thompson & Balkwill,

2010). Other studies emphasizing the connection between perceived musical affect and expectation

have found evidence of cultural variation in perceived musical emotion (Eerola, Himberg, Toivi-

ainen, & Louhivuori, 2006; Eerola, Louhivuori, & Lebaka, 2009; Krumhansl et al., 1999), as has

work emphasizing explicitly constructionist views of emotion (Juslin, 2012; Laukka, Eerola, Thin-

gujam, Yamasaki, & Beller, 2013).

These results seem to support Eerola and Vuoskoski’s (2011) conclusion that basic emotions

theories lose their efficacy when the perceived emotional contents are ambiguous. They also support

the idea that musical emotions are driven by a variety of processes, not merely musical expectations,

and that these processes incorporate components that are not merely biomechanical (Juslin, 2013).

On a purely methodological level, they also imply a potential use for research in music-induced

motions for emotion science more broadly: music represents a unique opportunity to probe cultural

variability in the relationship between core affect and emotion, regardless of the emotional ontology

used. By directly investigating the relationships among affect valuation, the use of music for mood

regulation, and the specific affective and emotional states induced by music, scholars can build a

more detailed picture of cultural variability in the topology of the emotional space itself.

The present study aimed to initiate this larger project. It built on established results assessing

cross-cultural variation in induced musical affect (Juslin et al., 2016; Saarikallio et al., 2021), the-

ories of affect valuation (Tsai, 2007; Tsai et al., 2006), and music’s intrapersonal efficacy (DeNora,

1999) by directly assessing the intended use of music for emotional regulation. To achieve this,

we assessed variability in the induced affective quality of music across multiple cultures, including

both collectivistic and individualistic exemplars. These results served both as a component of our

analysis and as confirmation of extant results. We then assessed variability in the relationship be-

tween precipitating affective states, or emotions felt when making choices about music listening, and

music selection across multiple cultures, including both collectivistic and individualistic exemplars.

In tandem with measures of affect valuation, this enabled us to analyze not only what emotions are

induced by a piece of music but how that specific emotional induction would be used for emotional

regulation or enhancement purposes, allowing for the direct comparison of how different affective
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states are interpreted across cultures.

3.2 Affect in the culture-cognition mediator model

This prior research indicates two distinct ways in which affect is instantiated in music: the emotions

induced directly by music, and the role music plays in regulating emotional states. These two

processes are related, and draw on largely overlapping cognitive constraints, but are driven by

different sets of cultural norms. As a result, using the definition of musical features in the culture-

cognition mediator model, they are considered separate features of music.

3.2.1 Induced affect

Induced affect has long been associated with expectation and surprisal, but those expectations can

come from a variety of sources, some of which are purely perceptual, but some of which rely on

cultural norms. Existing literature has verified the activity of pre-attentive pattern detection mech-

anisms, indexed by event-related potentials such as the mismatch negativity (MMN) and early right

anterior negativity (ERAN) in musical signals. In addition, music has been shown to activate as-

pects of the limbic system commonly associated with processing affect, like the amygdala, along with

subcortical regions associated with short-term memory such as the hippocampus. These imply that

low-level cognitive substrates of pattern detection, short-term memory, and core affect contribute to

music-induced emotional states.

Cultural norms associated with induced musical affect fall into two general categories: those

associated with non-veridical expectations and those associated with the interpretation of core affect.

The former category includes learned musical schema, or priors regarding musical structure, and

explicit extramusical knowledge about things such as lyrical content, information about the artist

themselves, knowledge of the piece’s title, or knowledge about the typical contexts in which a

piece is performed. Musical schema include features such as metrical structure, tonality, typical

melodic shapes, or the likelihood of devices such as prolongations or tempo disruptions. Extramusical

information could include, for instance, the knowledge that Sarah McLachlan’s song “Angel” was the

soundtrack to a famously emotion-inducing commercial for the American Society for the Prevention

of Cruelty to Animals (ASPCA). Cultural norms also impact the parametrization of core affect into

the space of defined emotions, evidenced by the existence of culturally specific cognitions about

emotional states (Niiya, Ellsworth, & Yamaguchi, 2006). This structure is shown in Figure 3.1.
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Figure 3.1: Music-induced affect in the culture-cognition mediator model.

3.2.2 Mood regulation

Music-based mood regulation relies on predictions about the affect induced by specific musical pieces,

but is driven primarily by cultural norms regarding specific mood-regulation strategies and the valu-

ation of those affective states. As a result, it operates at a higher level of analysis than music-induced

affect itself. Like music-induced emotion, its cognitive components include core affect. However, it

replaces the predictive capacities present in induced emotion with non-temporal inference-making

about music-induced emotion. Both processes invoke predictions, but while the predictions in in-

duced emotion concern the music being heard, the predictions associated with music-based mood

regulation concern the output of the emotion-inducing process. In other words, listeners here are

drawing inferences about music-induced emotion, rather than within it.

As in music-induced emotion, music-based mood regulation relies on culture-dependent parametriza-

tions of affect. However, it also includes cultural values regarding the use and specific emotional

prioritization of mood-regulation strategies and the valuation of different affective states, both of

which have been shown to vary widely across cultures (Saarikallio et al., 2021; Tsai, 2007). Due to

these differences, music-based mood regulation is clearly a distinct phenomenon from music-induced

emotion itself, at least under the ontological construction of the culture-cognition mediator model.

This structure is shown in Figure 3.2.
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Figure 3.2: Music-based mood regulation in the culture-cognition mediator model.

3.3 Research questions and hypotheses

This project aimed to address whether cultural differences in the relationship between actual and

ideal affect and both music-induced emotion and musical mood regulation reveal cultural variation

in the psychological construction of emotion. In particular, it was designed to assess how either

actual or ideal affect interacts with culture and mood regulation strategies to predict three instan-

tiations of affect: induced emotion, or the emotion caused by an external stimulus such as music;

precipitating emotion, or the emotional state that would cause an individual to choose a particular

external stimulus such as music; and desired emotional change, or the difference between the induced

and precipitating emotions. Cultural differences in the construction of these emotional states would

manifest as interactions between culture and actual or ideal affect and induced or precipitating emo-

tions, while cultural variation in mood regulation strategies would be most relevant when analyzing

desired emotional change.

We hypothesized that canonical emotion categories such as Joy and Sadness would manifest

differently in collectivistic and individualistic cultures. These differences would appear as distinct

relationships between induced or precipitating Joy or Sadness and actual or ideal positive or negative

affect, respectively. In particular, we expected to see variation in the arousal implied by Joy and

Sadness between the two cultures. Based on prior research demonstrating that collectivistic cultures

tend to value LAP states more highly relative to HAP states, when compared to their individualistic
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counterparts, we specifically expected that Joy would behave as a slightly lower-arousal emotion in

collectivist cultures than in individualistic ones.

Although we calculated the desired emotional change, the number of variables involved and

the challenges of measuring this construct in controlled laboratory settings make it difficult to

make precise predictions about cultural variation in that domain. Because of this, the models

predicting desired emotional change are purely exploratory in nature. Those models focused on

the Diversion and Discharge strategies, both of which have been studied in previous cross-cultural

research on musical mood regulation, and searched for potential interactions between the frequency

with which these strategies were used and affect valuation when predicting desired emotional change

in collectivistic and individualistic cultures.

3.4 Computational model justification

To probe these questions, we defined computational models of precipitating emotion, induced emo-

tion, and desired emotional change based on Bayesian approaches to cognitive modeling. Since it

is well-established that music is often used for mood regulation, we can define individuals as se-

lecting songs from a conditional probability distribution using a cognitive inference process. This

probability distribution can be defined for a given song1 as

P
(
song

∣∣Ep, Ei, AV,MRS
)

(3.1)

Applying Bayes’s Rule gives

P
(
Ep, Ei, AV,MRS

∣∣song)P (song)
P
(
Ep, Ei, AV,MRS

) (3.2)

The numerator can be expanded into a series of conditional probabilities. However, since the

AV and MRS values are independent of song-specific data, many of these conditionalities disappear,

giving

P
(
Ep, Ei, AV,MRS

∣∣song) = P
(
Ep

∣∣song)P (Ei

∣∣song)P (AV,MRS
)

(3.3)

Substituting this into the above equation gives

P
(
song

∣∣Ep, Ei, AV,MRS) ∝ P
(
Ep

∣∣song)P (Ei

∣∣song)P (AV,MRS
)
P
(
song

)
(3.4)

This implies that decision-making regarding song choices are driven by a combination of cultural

values, encoded as P (AV,MRS), underlying musical preferences, encoded as P (song), and inferences

about precipitating and induced emotional states given a particular song.

1It is possible for song = ∅, corresponding to the choice of listening to no music whatsoever.
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Each of these inferences can, in turn, be expanded using Bayesian logic, giving

P
(
Ep

∣∣song) = P
(
song

∣∣Ep

)
P
(
Ep

)
P
(
song

) (3.5)

P
(
Ei

∣∣song) = P
(
song

∣∣Ei

)
P
(
Ei

)
P
(
song

) (3.6)

The first of these equations implies that inferences about the precipitating emotions of a song

are related to song preference P (song) and actual affect P (Ep). We used two potential indices that

could impact P (song): Familiarity and Liking. This leads to the first of our specific models, aiming

to predict precipitating emotions, which is defined as

Ep ∼
(
Actual Affect + Familiarity + Liking

)
× Country (3.7)

Potential interactions involving Country are included here to investigate how extraneous cultural

variables may impact these relationships.

Now we turn to induced emotion. The second of these equations implies that the emotions

induced by a song are again dependent on song preference P (song) and actual affect P (Ei). However,

music-induced emotions have been connected to auditory parameters as well. For this reason, we

will include several parameters obtained from Spotify in this model, which is defined as

Ei ∼
(
Actual Affect + Spotify Parameters + Familiarity + Liking

)
× Country (3.8)

Finally, we want to model the desired emotional change directly. In this framework, we want the

difference between Ei and Ep. We define this difference as

∆E := Ei − Ep (3.9)

To obtain this, let’s construct a new Bayesian inference based explicitly on the functional use

of music for mood regulation. Here, we will replace Ei with ∆E . This does not change any of the

information contained in the inference itself, but does alter the dependencies involved, giving

P
(
song

∣∣Ep,∆E , AV,MRS
)
=

P
(
Ep,∆E , AV,MRS

∣∣song)P (song)
P
(
Ep,∆E , AV,MRS

) (3.10)

Unlike the previous expansion, ∆E is dependent on both affect valuation (AV) and mood regu-

lation strategy usage (MRS), but is assumed to not be dependent on the specific song in question,

giving

P
(
Ep,∆E , AV,MRS

∣∣song) = P
(
Ep

∣∣song)P (∆E

∣∣AV,MRS
)
P
(
AV,MRS

)
(3.11)
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Therefore, when we reverse the Bayesian expansion for ∆E , we get

P
(
AV,MRS

∣∣∆E

)
P
(
∆E

)
P
(
AV,MRS

) (3.12)

This, together with the fact that P (∆E) = P (Ei−Ep), implies that the full model for ∆E should

be2

∆E ∼
(
Actual Affect + Ideal Affect

)
×Mood Regulation

)
× Country (3.13)

3.5 Methods

3.5.1 Stimulus design

Five songs were selected from each of Spotify’s Top 50 playlists for the United States, Japan, and

Israel, resulting in a total of 15 songs. These countries were selected to include songs from each

of the countries where the study was performed and from a neutral third country. Each playlist

was restricted to include only songs with audio previews available through Spotify’s API. For each

of these restricted playlists, Spotify’s parameters for Danceability, Energy, Loudness, Speechiness,

Acousticness, Instrumentalness, Liveness, Valence, and Tempo were collected and mapped to a two-

dimensional plane using non-metric multi-dimensional scaling (MDS). Five songs were then chosen to

maximize the product of the Euclidean distances between each pair of songs in the two-dimensional

space, ensuring that the chosen songs optimally covered the stylistic area defined by the playlist.

Audio samples were retrieved for the selected songs, trimmed to the first 10 seconds, and modified

with a 1-second fade up at the beginning and a 1-second fade down at the end.

3.5.2 Participant recruitment and survey

Participants were recruited from the United States and Japan, which are two commonly compared

exemplars of individualistic and collectivistic cultures, respectively. American participants were

recruited using Prolific.co, while Japanese participants were recruited using Lancers.jp. All partici-

pants were compensated fairly for their time.

Each participant listened to all 15 song clips in a fully randomized order. After listening to each

selection, participants were asked to assess the emotion they felt while listening to the song, which we

call the evoked emotion, and what emotion they might be feeling if they were to choose to listen to

it in their everyday life, which we call the precipitating emotion, using the 9-item Geneva Emotional

Music Scale (GEMS-9) (Zentner, Grandjean, & Scherer, 2008). In addition, they were asked to rate

2Spotify parameters have not been included here, both to prevent over-fitting by including too many predictors
and since ∆E is independent of the song itself. Additionally, we have included potential interactions between Mood
Regulation and both Actual and Ideal Affect to account for the possibility that cultural differences in mood regulation
strategies contribute to differences in the relationship between affect valuation and music selection.
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how much they liked each song and how familiar they were with each song using a 7-point scale.

After listening to all 15 songs, participants completed the Affect Valuation Index (AVI) (Tsai et al.,

2006), the Brief Music in Mood Regulation (B-MMR) questionnaire (Saarikallio, 2012), and a survey

regarding their musical background, genre preference, and demographic information. The survey was

originally written in English. For the Japanese participants, it was translated into Japanese and

then back-translated into English to ensure accuracy, except for the demographic survey and AVI,

both of which had previously employed and validated Japanese and English versions.

This experimental paradigm was approved by the Institutional Review Boards of Stanford Uni-

versity and Kyoto University.

3.5.3 Data analysis

The resulting data were analyzed in R. We ipsatized both the AVI and B-MMR results to account

for individual biases in response patterns and computed the reliabilities of the AVI (Ideal and

Actual) and B-MMR using Cronbach’s α and Guttman’s λ6 measures for each subscale. Next, we

computed correlations among subindices of AVI and B-MMR and clustered these variables by their

intercorrelations for the United States and for Japan separately. In addition, we computed the

differences between the average valuation at positive or negative valences and between high and

low arousals, checked for differences between countries and associations with age, gender , and the

various mood-regulation strategies. To confirm prior results in affect valuation and the use of music

for mood regulation, we used two-way ANOVAs with Tukey post-hoc tests to assess the relationships

between country and affect on ideal valuation and between country and strategy on usage.

We then tested the hypothesized models for precipitating emotion, induced emotion, and desired

emotional change derived from Bayesian cognitive modeling. In these models, we focused specifically

on the emotions Joy and Sadness, since they are typical of studies in music and emotion and are

often found to be universally-perceived, and the Diversion strategy, which has been associated with

adaptive uses of music for mood regulation. We also tested smaller models predicting desired change

in Joy and Sadness with all possible interactions among actual affect, ideal affect, usage of the

Diversion strategy, and country of origin. In these analyses, the affects considered were valence-

matched to the emotion being predicted, so only HAP and LAP states were related to Joy and only

HAN and LAN states to Sadness.

3.6 Results

3.6.1 Participants

We recruited 116 participants (81 male, 34 female) from Japan and 112 (53 male, 52 female, 4

non-binary/third gender) from the United States. The Japanese participants were an average of
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43.5 (8.80) years old, were all ethnically East Asian and all born and raised in Japan. 36 of them

reported playing an instrument. The United States participants were an average of 33.8 (12.56)

years old, and were comprised of 77 white, 9 Hispanic/Latino American, 9 Black/African-American,

9 East Asian/East Asian American, and 5 South Asian/South Asian American individuals, 38 of

whom reported playing an instrument.

3.6.2 Basic analyses

The reliabilities of the individual subscales of the AVI after being ipsatized, measured with Cron-

bach’s α (Table 3.1), ranged from below typically acceptable range (0.43) to well within acceptable

limits (0.86), with the lowest being for the Ideal HAN subscale in the Japanese sample and the

highest the Actual Positive subscale in the Japanese sample. Prior to being ipsatized, the lowest

Cronbach’s α was 0.57, also for the Japanese Ideal HAN subscale. Guttman’s λ6 ranges from 0.58

(Japanese Ideal HAN) to 0.88 (Japanese Actual Positive). As these subscales are multidimensional

in nature, λ6 is likely a better measure of reliability. These results are also comparable with the

α statistics reported by Tsai, Knutson, and Fung, including the low reliability of the Ideal HAN

subscale in Chinese-American and Hong Kong Chinese populations (Tsai et al., 2006).

The difference between the average valuation of positively valenced (HAP, Positive, and LAP)

and negatively valenced (HAN, Negative, and LAN) affects and the difference between the average

valuation of high-arousal (HAP, High, and HAN) and low-arousal (LAP, Low, and LAN) affects were

predicted using Country, Age, and Gender (Table 3.2). Positive affects were strongly preferred to

negative ones in both samples (p < 0.001). Although there was an overall preference for low-arousal

affects to high-arousal affects (p < 0.001), Americans had a significantly smaller gap between their

preference for the two arousal levels (p < 0.001).

Correlations among the 8 ideal affect subscales of the AVI for the United States and Japan,

along with clusters imputed from these correlations, are shown in Figure 3.3. There are some

notable differences in how the AVI subscales cluster. While American participants group ideal affect

predominantly by valence – Ideal HAP/Positive/LAP covary and Ideal HAN/Negative/LAN covary

for Americans – for Japanese participants, there were three covarying pairs of affects: LAN with

Negative, HAN with High, and LAP with Low. Although Positive and HAP were in the same

cluster for Japanese participants, they had no significant correlation with each other, and were

grouped together based more on their patterns of correlations with other subindices.

Our data partially replicate previous results on differences in affect valuation between the United

States and Japan (Figure 3.4). The US participants preferred HAP states more than their Japanese

counterparts (p < 0.001) along with high-arousal states (p < 0.001), while Japanese participants

preferred low-arousal states more (p < 0.001), both of which match prior research. However, there

was no significant difference in the valuation of LAP states between the two countries. As shown

in Figure 3.4, this is likely due to the US participants valuing LAP states similarly to HAP states,



CHAPTER 3. MUSIC SELECTION FOR MOOD REGULATION ACROSS CULTURES 73

Cronbach’s α Guttman’s λ6

Variable US Japan US Japan
HAP

Actual 0.74 0.58 0.84 0.68
Ideal 0.40 0.61 0.73 0.66

LAP
Actual 0.79 0.79 0.83 0.84
Ideal 0.80 0.64 0.86 0.73

HAN
Actual 0.54 0.52 0.71 0.64
Ideal 0.61 0.44 0.73 0.67

LAN
Actual 0.69 0.59 0.79 0.66
Ideal 0.69 0.43 0.76 0.58

Positive
Actual 0.75 0.86 0.83 0.88
Ideal 0.62 0.80 0.74 0.85

Negative
Actual 0.79 0.80 0.84 0.83
Ideal 0.71 0.68 0.83 0.73

High
Actual 0.61 0.48 0.70 0.69
Ideal 0.65 0.64 0.68 0.71

Low
Actual 0.48 0.65 0.61 0.79
Ideal 0.48 0.59 0.61 0.77

Table 3.1: Reliabilities of affect valuation index (AVI).

rather than the Japanese participants undervaluing LAP states.

In addition, we found a few systematic trends in the usage of different mood-regulation strategies

(Figure 3.5). Overall, participants made the least use of the Discharge mood-regulation strategy

(p < 0.001). Entertainment (p < 0.001) and Strong Sensation (p < 0.001) were both more common

than all other strategies, but there were no other significant differences among the mood-regulation

strategies. There was also no significant overall difference in the use of music for mood regulation

between the US and Japan. However, Japanese participants reported significantly higher usages of

the Revival strategy (p < 0.001). There were no other significant differences between Japan and the

United States in the usage of any mood-regulation strategies.

3.6.3 Precipitating emotions

The coefficients from the linear models predicting Precipitating Joy and Sadness are shown in Ta-

ble 3.3. Both Precipitating Joy and Sadness were positively related to Actual HAN and Liking.

Participants in the United States reported lower rates of both Precipitating Joy and Sadness than
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Coefficient Positive-Negative High-Low
(Intercept) 2.21∗∗∗ −0.67∗∗∗

Country 0.14 0.52∗∗∗
Age −0.00 0.00

Gender −0.05 −0.02

Table 3.2: Differences in affect valuation on valence (positive-negative) and arousal (high-low).

Figure 3.3: Correlations among affect valuations, showing clusters. (A) shows correlations for Amer-
ican participants, and (B) shows correlations for Japanese participants.

Figure 3.4: Affect valuation by country.
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Figure 3.5: Use of mood regulation strategies by country.

their counterparts in Japan. The positive relationship between Liking and Precipitating Joy was

larger for American participants than for Japanese, while the positive relationship between Liking

and Precipitating Sadness was larger for Japanese participants.

For this project, the most relevant results are those relating positively-valenced affects to Joy

and negatively-valenced affects to Sadness. Although the overall relationship between Actual HAN

and Precipitating Sadness was positive overall, it was reversed to a negative relationship for Amer-

ican participants. There was also a strong negative interaction between Actual LAP and Country

for Precipitating Joy, indicating that Americans had a negative relationship while Japanese had

a positive one. In addition, there were significant interactions between Actual LAN and Coun-

try for both Precipitating Sadness. This indicates a stronger negative relationship between Actual

LAN and Precipitating Sadness in Japan than in the United States. The relationships between

negatively-valenced affects and Precipitating Sadness is shown in Figure 3.6.

3.6.4 Induced emotions

The coefficients from the linear models predicting Induced Joy and Sadness are shown in Table 3.4.

American participants reported significantly higher rates of Induced Joy than their Japanese coun-

terparts overall. There was a positive effect of Liking on both Induced Joy and Sadness. This

effect was larger for Joy and smaller for Sadness in the United States when compared to Japan,

as indicated by the significant two-way interactions between Liking and Country. The relationship

between Liking and Induced Joy and Sadness are shown in Figure 3.7.
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Figure 3.6: Relationship between Actual HAN/LAN and Precipitating Sadness.

Coefficient Joy Sadness

(Intercept) 1.72∗∗∗ 1.58∗∗∗
Actual HAP 0.00 −0.19∗∗
Actual LAP 0.12 0.03
Actual HAN 0.29∗∗∗ 0.19∗∗
Actual LAN −0.11 −0.14∗∗
Familiarity 0.04 0.01
Liking 0.20∗∗∗ 0.11∗∗∗
Country (US) −0.61∗∗∗ −0.29∗
Actual HAP:Country (US) 0.06 0.24∗
Actual LAP:Country (US) −0.73∗∗∗ −0.03
Actual HAN:Country (US) −0.51∗∗∗ −0.26∗∗
Actual LAN:Country (US) −0.25∗ 0.21∗
Familiarity:Country (US) −0.01 0.00
Liking:Country (US) 0.17∗∗∗ −0.09∗∗
***p < 0.001, **p < 0.01, *p < 0.05

Table 3.3: Precipitating emotion by actual affect.
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Figure 3.7: Relationships between Induced Joy/Sadness and Liking.

Almost all of the features extracted from Spotify have significant relationships with either In-

duced Joy or Induced Sadness; the one exception is Energy. In particular, four Spotify features

– Danceability, Speechiness, Acousticness, and Valence – all have significant positive relationships

with either Induced Joy or Induced Sadness and significant negative relationships with the other.

Of these, Danceability, Speechiness, and Acousticness are positively related to Induced Joy, while

Valence is positively related to Induced Sadness.

Five Spotify features had significant interactions with Country in either Induced Joy or Sadness,

implying different relationships between those features and the induced affect in Japan and the

United States. Both Energy and Acousticness have negative relationships with Induced Joy in the

United States, but positive relationships in Japan, while Loudness only has a positive relationship

with Induced Joy in the United States and Tempo only has a negative relationship with Induced Joy

in Japan. Danceability has a negative relationship with Induced Sadness in both countries, but this

relationship is significantly stronger in Japan than in the United States. The relationship between

Danceability and both Induced Joy and Induced Sadness, along with the interaction with Country

in the induction of Sadness, aligns with other results showing a relationship between Danceability

and differences in music preference across cultures, and is shown in Figure 3.8.

There were three primary relationships between Actual Affect and Induced Joy or Sadness.

Actual HAP had a negative relationship with Induced Sadness in Japan, but a positive relationship

in the United States. Both Actual LAP and Actual LAN were negatively related to Induced Joy in

the United States, but had no significant relationship with Induced Joy in Japan. No other effects

involving Actual Affect were statistically significant.



CHAPTER 3. MUSIC SELECTION FOR MOOD REGULATION ACROSS CULTURES 78

Coefficient Joy Sadness

(Intercept) −0.23 2.36∗∗∗
Actual HAP 0.01 −0.17∗∗
Actual LAP 0.06 −0.04
Actual HAN 0.04 0.10
Actual LAN 0.00 −0.06
Danceability 2.02∗∗∗ −2.23∗∗∗
Energy 1.14 −0.60
Loudness −0.01 −0.06∗
Speechiness 1.87∗∗ −1.23∗
Acousticness 1.08∗∗∗ −0.80∗∗
Liveness −1.46∗∗ 0.65
Valence −0.82∗∗∗ 1.17∗∗∗
Tempo −0.01∗∗∗ 0.00
Familiarity 0.05∗∗ 0.04∗∗
Liking 0.30∗∗∗ 0.08∗∗∗
Country (US) 4.13∗∗∗ −1.27
Actual HAP:Country (US) −0.21 0.24∗∗
Actual LAP:Country (US) −0.49∗∗∗ 0.07
Actual HAN:Country (US) −0.05 −0.03
Actual LAN:Country (US) −0.31∗∗ 0.09
Danceability:Country (US) −0.35 1.18∗∗
Energy:Country (US) −4.97∗∗∗ 0.77
Loudness:Country (US) 0.19∗∗∗ 0.00
Speechiness:Country (US) −0.33 −0.62
Acousticness:Country (US) −1.97∗∗∗ 0.39
Liveness:Country (US) 0.91 −0.01
Valence:Country (US) −0.37 −0.43
Tempo:Country (US) 0.01∗∗∗ 0.00
Familiarity:Country (US) 0.00 0.02
Liking:Country (US) 0.11∗∗∗ −0.07∗∗
***p < 0.001, **p < 0.01, *p < 0.05

Table 3.4: Induced emotion by Spotify parameters and actual affect.
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Figure 3.8: Relationships between Induced Joy/Sadness and Danceability.

3.6.5 Emotional change

The coefficients from the linear models predicting change in Joy and Sadness are shown in Table 3.5.

There is a three-way interaction among Actual HAP, Diversion usage, and Country on the desired

change in Joy, implying that while American participants who make use of Diversion strategies

have a positive relationship between Actual HAP and desired change in Joy, Japanese participants

who make use of Diversion strategies have a negative such relationship. However, there are no

separate two-way interactions involving any of those terms, and the only significant main effect is

of Country, which shows that Americans have higher desired changes in Joy than their Japanese

counterparts. Ideal HAP has a significant two-way interaction with Country, indicating that while

Americans have a positive relationship between Ideal HAP and desired change in Joy, Japanese

had a negative such relationship. In addition, the significant negative two-way interaction between

Ideal HAP and Diversion usage implies that participants who do not use Diversion strategies have a

positive relationship between Ideal HAP and desired change in Joy, while those who do use Diversion

strategies have a negative such relationship. There was no three-way interaction or main effect

involving Ideal HAP. These relationships are shown in Figure 3.9.

Ideal and Actual LAP both have negative main effects on the desired change in Joy, indicating

that increased experience or valuation of LAP states are associated with lower desired changes in

Joy. Actual LAP has a positive interactions with Country, indicating that American participants

have a positive relationship between LAP experience and desired change in Joy, while their Japanese

counterparts have a negative such relationship. Ideal LAP also has a positive three-way interaction
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Figure 3.9: Relationships between Actual/Ideal HAP and desired change in Joy. (A) shows the
three-way interaction among Actual HAP, Diversion usage, and Country; (B) shows the two-way
interaction between Ideal HAP and Country; and (C) shows the two-way interaction between Ideal
HAP and Diversion usage.

with Diversion usage and Country, indicating that the negative relationship between Ideal LAP and

desired change in Joy is strengthened by increased Diversion usage in Japanese participants, but

weakened by increased Diversion usage for Americans. These effects are shown in Figure 3.10.

The desired change in Sadness seems to be primarily driven by interaction effects involving Ideal

LAN and Actual HAN. Both Ideal LAN and Actual HAN have negative three-way interactions and

positive interactions with Diversion, and Actual HAN also has a significant positive interaction with

Country and significant negative main effect. The three-way interactions imply that increased use

of Diversion strategies is associated with more positive relationships between the experience of HAN

or valuation of LAN and the desired change in Sadness for Japanese participants, but is linked to

less positive such relationships for their American counterparts. Meanwhile, the positive two-way

interactions imply that, when controlling for Country, increased use of Diversion is associated with

more positive relationships between Actual HAN or Ideal LAN and the desired change in Sadness.

In addition, although Actual HAN has an overall negative relationship with the desired change in

Sadness, it has a positive such relationship for American participants. These effects are shown in

Figure 3.11.

Smaller analyses focusing specifically on individual affects reveal some interesting effects. These

models investigated all possible interactions among actual affect, ideal affect, Diversion usage, and

country of origin when predicting desired change in either Joy or Sadness, with separate models

probing the relationship between HAP or LAP and Joy and between HAN or LAN and Sadness. Of
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Figure 3.10: Relationships between Actual/Ideal LAP and desiired change in Joy. (A) shows the
two-way interaction between Actual LAP and Country; and (B) shows the three-way interaction
among Ideal LAP, Diversion usage, and Country.

Figure 3.11: Relationships between Actual HAN/Ideal LAN and desired change in Sadness. (A)
shows the three-way interaction among Actual HAN, Diversion usage, and Country; and (B) shows
the three-way interaction among Ideal LAN, Diversion usage, and Country.
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Coefficient Joy Sadness

(Intercept) −0.65∗∗∗ −0.15
Ideal HAP −0.05 −0.04
Ideal LAP −0.17∗∗ 0.00
Ideal HAN −0.27∗∗ −0.02
Ideal LAN −0.01 −0.01
Actual HAP −0.02 0.05
Actual LAP −0.13∗ −0.09∗
Actual HAN −0.30∗∗∗ −0.12∗
Actual LAN 0.07 0.09∗
Familiarity 0.01 0.00
Liking 0.06∗∗ 0.01
Diversion 0.50 0.92∗∗∗
Country (US) 0.47∗∗ 0.19
Ideal HAP:Country (US) 0.17∗ 0.22∗∗
Ideal LAP:Country (US) 0.01 −0.07
Ideal HAN:Country (US) 0.35∗∗ 0.03
Ideal LAN:Country (US) −0.05 0.12
Actual HAP:Country (US) 0.09 0.01
Actual LAP:Country (US) 0.35∗∗∗ 0.21∗∗
Actual HAN:Country (US) 0.48∗∗∗ 0.28∗∗∗
Actual LAN:Country (US) 0.02 −0.04
Familiarity:Country (US) 0.00 0.02
Liking:Country (US) −0.01 −0.01
Diversion:Country (US) −0.37 −1.09∗∗∗
Ideal HAP:Diversion −0.29∗∗ 0.03
Ideal LAP:Diversion −0.12 −0.12
Ideal HAN:Diversion 0.11 0.12
Ideal LAN:Diversion 0.20 0.49∗∗∗
Actual HAP:Diversion −0.30∗ −0.06
Actual LAP:Diversion −0.18 0.12
Actual HAN:Diversion −0.07 0.25∗∗
Actual LAN:Diversion −0.08 −0.09
Familiarity:Diversion 0.04 −0.03
Liking:Diversion −0.02 0.01
Ideal HAP:Diversion:Country (US) 0.11 0.00
Ideal LAP:Diversion:Country (US) 0.41∗ 0.19
Ideal HAN:Diversion:Country (US) 0.25 −0.05
Ideal LAN:Diversion:Country (US) −0.40 −0.57∗∗
Actual HAP:Diversion:Country (US) 0.57∗ −0.07
Actual LAP:Diversion:Country (US) −0.18 −0.26
Actual HAN:Diversion:Country (US) −0.10 −0.39∗∗∗
Actual LAN:Diversion:Country (US) 0.41∗ 0.21
Familiarity:Diversion:Country (US) −0.09∗ −0.02
Liking:Diversion:Country (US) 0.01 0.00

***p < 0.001, **p < 0.01, *p < 0.05

Table 3.5: Emotional change by ideal affect, actual affect, and use of the Diversion strategy for
mood regulation.
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Affect Arousal Joy Sadness
Ideal High 0.40∗ −0.05
Actual High 0.28 −0.13
Ideal Low 0.28 −0.50∗
Actual Low −0.43 0.39

Table 3.6: Three-way interaction coefficients in small analyses. Each of these terms includes Diver-
sion and Country (US). All affects related to desired change in Joy are positively-valenced, and all
related to desired change in Sadness are negatively-valenced.

these, only the model predicting desired change in Joy by actual and ideal HAP, Diversion usage,

and country of origin and the model predicting desired change in Sadness by actual and ideal LAN,

Diversion, and country had significant results. Table 3.6 shows interactions between ideal or actual

affect, Diversion usage, and country of origin. No four-way interactions were significant.

Japanese participants who used Diversion strategies had more strongly negative relationships

between ideal positive affect of any arousal and desired change in Joy, along with more strongly

positive relationships between any ideal negative affect and desired change in Sadness. They also

frequently had large changes in slope between those who used Diversion and those who avoided

Diversion, while their American counterparts tended to have much smaller effects of Diversion usage

or avoidance on the relationship between affect valuation and desired emotional change.

Using Diversion strategies was associated with a negative relationship between Ideal HAP and

desired change in Joy for Japanese participants, while avoiding Diversion strategies was associated

with a positive such relationship. American participants had negative relationships between Ideal

HAP and desired change in Joy throughout, but this relationship was weaker for those who used

Diversion strategies. On the other hand, using Diversion strategies was associated with a positive

relationship between Ideal LAN and desired change in Sadness for Japanese participants, while

avoiding Diversion was linked to a negative such relationship. Americans who avoided Diversion

had a positive relationship between Ideal LAN and desired change in Sadness, while those who used

Diversion had a negligibly negative such relationship. These results are shown in Figure 3.12.

3.7 Discussion

The results regarding induced joy and sadness speak most clearly to cultural variation in musical

preference, rather than in affect itself. Although liking has a positive relationship with both induced

joy and induced sadness, it is much more strongly associated with Induced Joy than Induced Sadness

in the American participants, while those associations are more similar for the Japanese participants.

There are a variety of possible interpretations of this contrast. The two simplest rely on a direct

causal link between liking and induced joy that is specific to American culture. If this is true, then

Americans either prefer songs that induce joy or have joy induced by songs they like. Alternatively,
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Figure 3.12: Three-way interactions involving Ideal LAN, Ideal HAP in small analyses.

there could be a preference for sadness-inducing songs in Japan that does not appear in the United

States. However, it is possible that such a direct causal link does not exist. In that case, there

would exist a latent variable that drives the relationship between both liking and induced joy, but

not induced sadness, within American culture.

The current study is not designed to assess this kind of causality directly. In addition, there is

little research directly investigating the relationship between music preference and induced emotional

states between the United States and Japan. However, several theories have proposed a link between

the enjoyment of sad music and empathy (S. S. Clark & Giacomantonio, 2013) or the pleasure

associated with altruism (Huron & Vuoskoski, 2020). It is possible that this connection manifests is

musical preference via the difference between self-construal in the United States and Japan, where

individuals with an interdependent self-construal are more likely to prefer music that induces sadness.

This evidence would support a direct causal link between liking and induced sadness that is more

evident in Japanese culture than in American culture.

Danceability’s relationships with induced affect – positive for joy and negative for sadness – are

both stronger in Japan than in the United States. This implies a direct connection between the

kinesthetic potential of music and the emotions it induces that, while present in both cultures, is of

particular significance to Japanese listeners. The strength of this link is potentially tied to broader

cultural music preferences regarding danceability, which have been hypothesized to be connected to

cultural tightness/looseness, rather than individualism/collectivism (Liew, et al., under review).

Unlike induced emotion, the results involving precipitating emotion carry some strong impli-

cations for inter-cultural variability in the meanings associated with joy and sadness themselves
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and the relationship between both emotions and core affect. The inverted relationship between

precipitating sadness and actual HAN between countries (positive for Japan, negative for United

States), especially when combined with the opposite effect for actual LAN (negative for Japan, flat

for United States) implies that sadness is perceived as being a higher-arousal emotion in Japan than

it is in the United States. Similarly, the inverted relationship between precipitating joy and actual

LAP between countries (again, positive for Japan, negative for United States) implies that joy is

perceived as being a lower-arousal emotion in Japan than it is in the United States. Essentially, the

mapping of emotional categories into the affective space defined by valence and arousal appears to

be rotated between the two countries.

This rotation is supported by the differences in how the ideal affect subscales cluster. While

Americans tended to group their affect valuation directly by valence, their Japanese counterparts

grouped LAP with low-arousal and HAN with high-arousal. Taken together, these results indicate

that the Japanese mapping between core affect and emotion has a slight clockwise rotation with

respect to the American mapping.

Such a rotation would be directly contradicted by many of the assumptions of a basic emotions

approach to affect. Both appraisal theory and psychological constructionism could allow for such a

shift between American and Japanese culture, although they would ascribe that variation to different

processes.

An appraisal account of this difference would largely consist of a critique of the measurement and

analysis methodologies applied in this study themselves. Under this view, the affect valuation index

is an imperfect reflection of core affect, leading individuals to make systematically different appraisals

of the various terms being applied. Therefore, a mismatch between participants’ responses to the

AVI and their measured responses to the music do not represent real differences in the mappings

between emotion and affect so much as systematic inconsistencies in the appraisals associated with

music and those associated with the states queried in the AVI. In terms of the inferential models

proposed earlier in this chapter, an appraisal theorist would argue that P (Ep|song) and P (Ep) are

measuring fundamentally different kinds of appraisals.

A constructionist view of this dissociation, however, would assert that these differences are, in

fact, cultural distinctions in how emotional states are built from their core components. Psycholog-

ical constructionism views emotion as a form of inference itself, where a variety of components –

including, but not limited to, core affect – are the conditions in an assessment of emotion. Therefore,

this systematic difference between American and Japanese cultures implies an equally systematic

difference in this inference process. In terms of the inferential models used in this chapter, a con-

structionist would argue that Ep is itself conditioned on both affect and culture, or that individuals

select an emotion Ep that maximizes P (Ep|HAP,LAP,HAN,LAN,Country).

These explanations are not mutually exclusive. However, the mechanics of the assessment

methodologies used here imply that, in this case, the constructionist view is more likely. Since
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valence and arousal are terms of art that are difficult to ask a lay participant about, the AVI asks

about emotions that are associated with different values of valence and arousal. This means that

both the AVI, used to assess actual affect, and the GEMS-9, used to assess precipitating emotion,

are asking the same basic set of questions. For P (Ep|song) and P (Ep) to be truly different kinds

of appraisals, musical emotions and non-musical emotions would have to be themselves distinct, as

proposed by and there is substantial evidence showing that music-induced emotions use the same

neural and physiological architectures as other emotional states (Blood & Zatorre, 2001; Chanda &

Levitin, 2013; Juslin & Sakka, 2019; Koelsch, 2014). Therefore, the constructionist account of these

observed inter-cultural differences in the specific ways joy and sadness are associated with core affect

is more likely than the likely explanation associated with appraisal theory.

The interactions surrounding desired changes in joy and sadness complicate this picture some-

what, largely due to the different interpretations of actual and ideal affect. Since we are assessing

the desired change in an emotional state, the largest positive differences should be in emotions that

are highly-valued but not often experienced, while the largest negative differences should be in emo-

tions that are often experienced, but not valued highly. Emotions that are similarly experienced and

valued would likely have desired rates of change near zero. This is, in part, due to the mechanics of

the affect valuation index, which asks participants how often they actually and ideally experience a

variety of affective states; therefore, if these values are equal, participants would not feel the need

to up- or down-regulate that affective state.

In the current study, these implications are largely supported by differences between the United

States and Japan in the relationship between actual or ideal affect and the desired changes in joy

and sadness. Positive relationships between ideal affect and desired change in an affective state

imply that the affective state in question is associated with that affect, while positive relationships

between actual affect and the desired change in an affective state imply the opposite. American

participants showed a positive relationship between the desired change in joy and both ideal HAP

and actual LAP, while Japanese participants demonstrated negative relationships in both cases.

These trends support the idea that joy is viewed as a higher-arousal state in American culture

than in Japanese culture. Similarly, participants from the United States had positive relationships

between their desired change in sadness and both actual HAN and ideal LAN, while those from

Japan had a negative relationship between their desired change in sadness and actual HAN and a

neutral relationship with ideal LAN. These results support the hypothesis that Americans views

sadness as lower-arousal than their Japanese counterparts.

Interpreting the exploratory three-way interactions involving Diversion is much more compli-

cated. This is partly due to the lack of specificity in the B-MMR. It is unclear, for example, how

frequently the Diversion strategy is actually employed, since participants were asked how strongly

they agreed or disagreed with potential scenarios, not how often those scenarios occurred. Another
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potential confound is the way in which Diversion is employed when actual and ideal affect dif-

fer. Some of these confusions could be disentangled by investigating potential four-way interactions

among Diversion usage, ideal affect, actual affect, and country of origin. However, implementing

such an analysis in the full model would likely outstrip the statistical power of our sample.

For this reason, the smaller analyses are particularly useful. They rely on an assumption of

relative separability between the valuation and experience of affects in different quadrants of the

valence/arousal affective plane, but they also allow for probing potential interactions between ideal

and actual affect without running the risk of overfitting due to an excess of explanatory terms. In

addition, they are theoretically sound, as Joy and Sadness are clearly positively- and negatively-

valenced, respectively, and neither Liking nor Familiarity was particularly important in the larger

model.

Since higher use of Diversion strategies is associated with inducing a desired emotional state when

feeling an undesired one, it stands to reason that for people who use Diversion strategies, they should

have more positive desired changes in emotions they value more highly. While the results from these

smaller analyses support the hypothesis that Japanese participants did not associate Joy with HAP

states, it appears that this is the result of a broader trend in which Japanese participants who use

Diversion approaches down-regulate Joy the more they value any positively-valenced emotion and

up-regulate Sadness the more they value any negatively-valenced emotion. American participants

generally have much smaller effects of Diversion usage on the relationship between affect valuation

and desired emotional change, which could be connected to the overall higher use of music for mood

regulation in the United States. However, these exploratory effects are speculative at best, and

require more nuanced methods and analyses to confirm.

It is clear that these analyses relating Diversion usage to the desired change in emotional states

raise far more questions than they answer. However, the fact that the Diversion analyses do not

simply mirror the results from induced or precipitating emotions offers tentative support for treating

emotion-induction and mood regulation as distinct musical features, as implied by the culture-

cognition mediator model. This study has also clarified the usefulness of music as a vehicle for the

study of emotions, particularly in cross-cultural research contexts. The rest of the analyses paint a

clear picture of inter-cultural differences in the mapping between core affect and emotion that are

best explained by a psychological constructionist approach to emotion. In particular, they indicate

that there is a rotation of sorts between the two mappings: Joy is slightly lower-arousal in Japan

than the United States, while Sadness is slightly higher-arousal. Such an interpretation amounts to

turning Russell’s circumplex (1980), and opens the possibility that these rotations could be measured

more precisely.



Chapter 4

Genredynamics: A Perceptual

Calculus of Genre

4.1 Genre in the culture-cognition mediator model

Unlike syncopation, which is clearly an intrinsic feature of music, and emotion, which is an estab-

lished consequence of experiencing music, genre’s status as a musical feature is less immediately

apparent. Indeed, the existence of genre has itself been questioned by several prominent scholars.

However, this uncertainty provides a unique opportunity to apply the culture-cognition mediator

model in a novel circumstance. Put simply, the model asserts that musical features are musical

elements at the intersection of discrete cognitive and culture parameters. Therefore, if musical genre

occupies such an intersection, then from the perspective of the culture-cognition mediator model, it

is functionally indistinguishable from other, more intuitive musical features.

Such a determination is complicated by the sheer variety of perspectives on genre. Although it

is a frequently topic of conversation and debate in musicological circles, its formal study is perhaps

most established in literature and philosophy. As a result, many of the theories of genre discussed

here draw on literary theory rather than musicology, and much of the language surrounding genre is

more intuitively connected to literature than to music. Many theorists, for example, refer to genres

as collections of texts, rather than aesthetic objects. However, for all the distinctions between static

works such as texts or paintings and dynamic ones such as music or film, many of the principles of

literary genre theory may also be applied in musical contexts.

In this chapter, I propose that a conceptualization of genre as the intersection of sociocultural

affordances associated with musical parameters (including intrinsic features such as metrical struc-

ture and psychological responses such as induced emotion) and the cognitive process of perceptual

88
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Figure 4.1: Genredynamics in the culture-cognition mediator model.

categorization achieves such a broad unification of disparate existing theories of genre. These affor-

dances are attached to extramusical information such as the performance context, mood, creator, or

intended audience. This model, called genredynamics, is described in computational terms, allowing

for a formal description of its structural and dynamic properties and for its precise implementation

and assessment in future research.

As shown in Figure 4.1, genredynamics fits the definition of a musical feature laid out in the

culture-cognition mediator model of music. This highlights two powerful consequences of this con-

ceptual model of music: it allows scholars to identify music as a much broader phenomenon than

simply the auditory signal itself, and it emphasizes the contingent nature of the musical object. If

genre, which we will see is intrinsically fluid and strongly enculturated, is a musical feature, then

“music” must incorporate classically extra-musical components including the specific culture(s) of

the listener(s), creator(s), and interlocutor(s), as well as the affordances associated with the rest

of the musical context. Lastly, its computational framework provides an avenue for systematic

investigations in the musical space.
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4.2 A brief overview of genre theory

Although genre theory is an established area of scholarship, it has mostly been defined by literary or

linguistic practitioners, and many of its historically dominant conceptualizations are rooted in the

concept of a literary text. Since the 1980s, this near-monopoly on the philosophy of genre has begun

to slip, as musicologists and music theorists have gradually grappled more directly with how the

objects of their research are categorized. Consequently, there has been a rapid expansion of interest

in alternate genre theorizations and emerging agreement among modern genre theorists on the broad

outlines of a definition for genre, but as yet the precise mechanics by which they are created, evolve,

and interact, if at all discussed, remain elusive and inconsistently represented.

In part, this is due to the peculiar semantics of genre. Although genre theorists maintain that

genres exist, to some extent, in the nexus of an aesthetic object (or, to use Derrida’s formulation,

a text) and in the perception of that object, other researchers reject that claim, instead portraying

genre more as the top-down imposition of a competitive economy on the aesthetic realm, implying

that genre is primarily a marketing tool. Such extreme positions are likely polemical rather than

realistic, but the underlying tension between text-first and function-first models of genre is very real,

and has been a factor in genre theory for decades.

The archetypal 20th-century genre theories are probably Derrida’s ‘law of genre,’ which states

that every text participates in at least one genre, that the genres are in some way external to the text

itself, and that there exists ‘[some] trait upon which one could rely in order to decide that...a given

“work” corresponds to a given class’ (Derrida, 1980, p. 63); and Bakhtin’s conceptualization of genres

as ‘definite and relatively stable typical forms’ of texts (Bakhtin, 1986, p. 78) that are, in large part,

distinguishable by the chronotopes (or ‘time-space’ within the text) of individual textual objects

(Bakhtin, 1981; Bemong, 2010). Both theories admit some degree of dynamism: Derrida explicitly

states that generic participation is not static. Although Bakhtin claims that textual categories do not

become true genres until they stabilize, he allows genres to warp and shift during their development.

In addition, both imply that genres do not predate the texts they organize. However, Derrida claims

that although his genres are external to the aesthetic domain, they are distinguishable by some

collection of purely aesthetic traits, while Bakhtin’s mature genres are distinguished by both their

aesthetic and sociocultural characteristics.

Although these approaches are generalizable through the broad way they define a text, they were

designed for literary or linguistic genres, and other theories more directly address genre in music.

Fabbri posited that a musical genre is ‘a set of musical events, real or possible, whose course is

governed by a definite set of socially accepted rules’ (Fabbri, 1982b, p. 136). This conceptualization

of genre places significant emphasis on aesthetic aspects of genre; although Fabbri implies that genres

are constructed by social determinations of rules, and that individuals manipulate the social and

ideological rules associated with genres for ends such as rebellion against a social group or class,

he nevertheless identifies genres with their aesthetic contents and behaviours. These contents are



CHAPTER 4. GENREDYNAMICS: A PERCEPTUAL CALCULUS OF GENRE 91

not restricted to musical features: for instance, Fabbri analyses the generic implications of album

covers (Fabbri, 1982a). In his model, the sociocultural aspects of genre are not constitutive of the

genre itself so much as they are indicative of how that genre is received and analysed. Genre,

however, is encoded primarily in formal and stylistic aspects of the musical event itself, although

he adopts Stefani’s notably broad definition of music as ‘any type of activity performed around any

type of event involving sound’ (Stefani, 1976), generalizing his construction of an aesthetic genre.

Furthermore, since Fabbri only considers time within the context of a musical event, his genres are

static, representing a snapshot of the generic space and incorporating neither the full dynamism

of Derrida’s genres nor the limited dynamism of Bakhtin’s. Fabbri’s work has also been criticized

for its deterministic view of how aesthetic behaviours reflect sociocultural and economic realities

(Negus, 1999).

More recent literary theorists have integrated social, political, and cultural variables into their

approaches even more directly. Frow writes that genre ‘mediates between a social situation and the

text which realizes certain features of this situation, or which responds strategically to its demands’

(Frow, 2005, p. 14). This structure implies that genre is external to both aesthetic and sociocultural

scenarios, but serves as a connective tissue between them and the meaning or interpretation of

the text. To Frow, genres are semantically relevant categories that alter how meaning is extracted

from a static text. This theory bears striking similarities to Bhatia’s three-space model for genre

analysis, which situates genre as a discursive social practice linking sociocultural identity and culture

with the text itself (Bhatia, 2004). Later work expanded this model to include texts that draw on

multiple genres; Bhatia calls this genre-bending an ‘interdiscursive practice’ (Bhatia, 2016). Some

theorists have even proposed reinterpreting genre solely in terms of its sociocultural resonance, such

as Fohrmann’s admonition that ‘one would then have to deal with genres as historical attributions’

(Fohrmann, 1988, p. 283).

Musical theorists have begun coming to similar conclusions. Responding to assertions that

genre was an outdated concept in musicology (Adorno, 1997; Dahlhaus, 1987), Drott draws on

Bourdieu’s theory of relationality (Bourdieu, 1998) to situate musical genre as a dynamic set of

associations between musical pieces (Drott, 2013). Brackett continues this thread, writing that genres

are ‘associations of text whose criteria of similarity may vary according to the uses to which the genre

labels are put’ (Brackett, 2016). Implicit in this description is both a Derridean dynamism and an

emphasis on genre’s functionality in social discourse, connecting Brackett’s conceptualization of genre

with Bhatia’s. Born and Haworth went even further, explicitly requiring that genre assignments

include the materiality of music production and consumption, writing that ‘music genres are social,

discursive, and material formations as much as sonic ones’ (Born & Haworth, 2018, p. 608). Such

a sociocultural emphasis is by no means new to musical genre theories. In their seminal paper on

automatic genre recognition (AGR), Tzanetakis and Cook write that ‘musical genres...arise through

a complex interaction between the public, marketing, historical, and cultural factors’ (Tzanetakis &
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Cook, 2002, p. 293), and propose three feature categories for musical description and categorization

including music content, music context, and user context. Their focus on music content was largely

pragmatic and industry-focused, rather than philosophical, since music context and user context as

defined by Tzanetakis and Cook are comparatively difficult to measure.

This pragmatic avoidance of contextual cues has become de rigeur for AGR scholars. Aucoutrier

and Pachet write that the AGR project is more concerned with automatic tagging or sorting than

delineating the nature of genre itself, is exclusively concerned with how genres are expressed in the

aesthetic domain, and does not need to contend with the mechanics of genre (Aucoutrier & Pachet,

2003). More recent researchers such as Sturm have redefined AGR as an attempt ‘to imitate the

human ability to organize, recognize, distinguish between, and imitate genres used by music’ (Sturm,

2014, p. 150). They have raised concerns about the prevailing AGR assessment methodologies, espe-

cially their reliance on incomplete datasets and a Classify model, which assigns music to pre-existing

genres (Sturm, 2012). These critiques, while powerful, offer no way of bridging the philosophical gap

between the expression-oriented approach of AGR scholarship and the context-oriented approach of

musical genre theory more broadly.

This paper is intended to close that divide and assess the connection between theories of aesthetic

genres and psychological theories of classification and abstract representation. The first goal is

achieved by proposing a broad theory of genre which implies each of the others, when applied

with particular restrictions. This amounts to demonstrating that existing approaches to genre are

different perspectives on the same underlying phenomenon which prioritize different variables and

behaviours. The second aim is accomplished by comparing the proposed theory with the predictions

of extant models of categorical perception. Such a comparison implies both that psychological and

neurodynamic approaches to classification are deeply relevant to the development of ecologically

plausible models of genre classification and that analysing the construction and behaviour of genres

can provide compelling insights into perceptual and psychological phenomena.

4.3 Abstract representations and schema

The earliest cognitive approaches to classification assumed that categories are constructed from

logical rules imposed on a multidimensional sensory domain. Experiments commonly asked partic-

ipants to sort finite collections of objects into abstract, semantically meaningless categories based

on groupings of binary variables (Shepard, Hovland, & Jenkins, 1961; Wallach, 1962). As a result,

although they could make powerful claims regarding the relationship between categorical parsimony

and classification accuracy, these results did not directly assess the cognitive mechanisms by which

categories are determined, nor did they contend with the problems ambiguously-classified items pose

for a strictly rule-based approach.

The first alternative theory of cognitive abstraction was the prototype theory of Posner and



CHAPTER 4. GENREDYNAMICS: A PERCEPTUAL CALCULUS OF GENRE 93

Keele (1968). This seminal work proposed that categories are represented by abstractions of some

central tendency, which they call a prototype or schema, with within-category variability. Since

then, there has been considerable expansion of research into theories or models of classification.

These approaches can be grouped, with some exceptions (Lamberts, 2000; L. B. Smith, 1989),

into three categories: prototype-based theories (J. D. Smith & Minda, 1998); decision boundary

theories derived from Ashby’s general recognition theory (Ashby & Townsend, 1986), which are the

successors to early rule-based approaches (Ashby & Gott, 1988; Ashby & Lee, 1991; Ashby, Waldron,

Lee, & Berkman, 2001); and exemplar-based theories (McKinley & Nosofsky, 1995, 1996; Nosofsky

& Palmeri, 1997, 2015).

Decision boundary theorists assert that determine category membership is determined by bound-

aries on specific criteria. The canonical decision boundary is a linear division perpendicular to the

relevant dimension in perceptual space, although boundaries are allowed to take other shapes. This

approach is computationally very efficient, but struggles with poorly-differentiated or fuzzy cate-

gories. Exemplar theories propose that categories are stored in memory as a collection of specific,

real-world items, rather than as abstractions of central tendency and variability. These models have

been increasingly favoured over prototype models due to their resilience to ambiguity in categoriza-

tion problems.

Recent innovations in modelling representative schema involve the application of multiple systems

for classification, whether at different points in category learning (J. D. Smith & Minda, 1998), in

parallel memory systems or processing chains (Erickson & Kruschke, 1998; Poldrack & Foerde,

2008), or at different levels of complexity or discriminability (T. Davis et al., 2012; Waldron &

Ashby, 2001). There are parallel theories in cognitive neuroscience positing complementary neural

systems for recalling established schema and novel stimuli (McClelland et al., 1995; van Kesteren,

Ruiter, Fernández, & Henson, 2012).

4.4 Topological genredynamics

I propose the following definitions to represent a model of genre which unifies previously discussed

approaches to genre under one conceptual framework. These definitions rely on the assumption that

genres are categories among perceived objects, so all structures involving genres exist either in an

individual’s perceptual space or in a consensus space for a group of people.

4.4.1 Construction in general terms

An aesthetic expression is an instance of an art form such as music, visual art, literature, theatre,

or dance. Uniqueness of aesthetic expressions is determined perceptually: each individual draws on

their cultural norms, analytical context, and personal experience to decide what counts as unique.

For instance, one individual may interpret different recordings of a single Bach prelude as wholly
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distinct musical expressions, while another might view them as being the same piece.

The full set of unique aesthetic expressions in a given art form comprise a space; in the case

of music, the musical space is the full collection of unique musical pieces. In this paper, we will

focus on music, but the same principles apply to other art forms as well. The musical space is

itself the combination of two subspaces. The aesthetic space captures all variation in the intrinsic

qualities of an aesthetic expression; for music, this means that two pieces that are perceived to

sound the same will occupy the same places in the aesthetic space. Meanwhile, the sociocultural

space captures all variation in the contextual qualities of an aesthetic expression, such as a piece’s

materiality, or physical apparatus and context of the piece and its dissemination, or its sociocultural

identity, comprised of information about the piece’s creators, typical audience, cultural references

and relevance, and so on. These definitions are analogous to concepts employed by Born (2011) and

Frith (1996). Just as the aesthetic space is defined in terms of a listener’s perceptions of the intrinsic

qualities of a piece of music, the sociocultural space is comprised of the listener’s beliefs about that

piece’s context, where a belief is defined as a subjective inference or representation of reality based

on a constrained set of observations, a formalism which borrows from Pearl’s belief networks (1988)

and Griffin and Ross’s näıve realism (1991).

Since the aesthetic and sociocultural spaces are orthogonal, both spaces are necessary for a full

accounting of how a piece is perceived. For instance, a studio recording of a piece of music and a

live performance of the same piece may be perceived as identical in the aesthetic domain, but differ

greatly in the performance’s physical context, the interactions between the performer and audience,

and the cost of attendance. On the other hand, two pieces may be identical in all sociocultural

variables, but sound markedly distinct.

A genre is a coherent subset of the musical space. Each genre has a boundary located where

points in the musical space transition from belonging to the genre to not belonging; this boundary

does not belong to the genre.

Lastly, a transition function is the process that moves the boundary of a given genre over time.

The transition function is key to this construction, since it allows genres to shift in both the aesthetic

and sociocultural domains, adding a temporal dimension that is absent from several extant views

of genre. Transition functions are smooth, which means that all changes in both the boundary of a

genre and the transition function itself are continuous and free of abrupt jumps or leaps. Crucially,

this does not mean that individual pieces smoothly transition between genre assignments. Instead,

as the boundary of a genre moves smoothly through some piece’s location in the musical space, that

piece’s membership in the given genre will abruptly switch between belonging and not belonging to

the genre.

This tension between a continuous musical space and a musical object that is often represented as

comprised of discrete parameters may pose some modeling challenges, but it is justified both by the

theoretical diversity of potential musical objects and by empirical results regarding the perception
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of continuously-variable musical stimuli. If the musical space is to include non-Western musics, it

must include musical objects and parameters from outside the space defined by those musics. For

example, limiting the variability in pitch to the twelve tones in a chromatic scale excludes musics

relying on microtonality. It could also be argued that variation in intonation systems (e.g. Barbieri

& Mangsen, 1991; Perlman, 1994), performance practices surrounding musical meter (e.g. Ohriner,

2012), and instances of broad variation in multiple aspects of pieces across performances (e.g. Vetter,

1981) imply that even a “discrete” musical object is, in fact, a collection of musical objects that are

reasonably similar. This hypothesis is supported by empirical evidence demonstrating that humans

discretize continuously-variable stimuli in domains such as pitch (Zarate, Ritson, & Poeppel, 2012),

rhythm (Jacoby & McDermott, 2017), and harmony (Armitage, Lahdelma, & Eerola, 2021). Because

of this, the discrete representation of music is best viewed as a phenomenon of perception akin to

the categorization of sensory stimuli or the process of sampling from a continuous signal, rather than

the underlying musical space. This relationship is also discussed in mathematical terms later on.

4.4.2 Connections to existing genre theories

This approach can be identified with several theories of genre discussed earlier. These identifications

take the form of restricting the assumptions of genredynamics, implying that genredynamics can be

seen as a generalization of these existing approaches.

Derrida’s formulation allows – in fact, all but requires – genres to change in time, and posits that

there exists some trait that distinguishes one genre from another. This corresponds to the existence

of some subset of auditory or sociocultural features where their values are suitable to determine

genre membership. In addition, Derrida imposes no specific restrictions on how genres can shift over

time, which translates within the genredynamics framework to a lack of restrictions on the transition

functions.

Bakhtin’s chronotopes have already been framed as cognitive invariants, drawing comparisons

to existing concepts of perceptual schema (Keunen, 2000). In addition, Bakhtin posits that mature

genres are reasonably stable, and do not change so much as Derrida’s participatory genres. These

features correspond to two restrictions within the genredynamics framework: limiting the musical

space to a set of features relevant to the chronotopes (or schema) involved in perceiving and dis-

tinguishing the texts in question, and limiting the time span of the transition functions to ensure

that genre boundaries change very little, if at all. As with Derrida, this interpretation is comprised

entirely of refinements or restrictions of genredynamics.

More recent literary theories can also be described in terms of genredynamics. Bhatia’s three-

space theory includes direct analogues of the aesthetic and sociocultural spaces. His socio-pragmatic

space can be translated by making the transition function, representing changes in a genre, depend

primarily on the sociocultural aspect of that genre. Interestingly, Frow’s view that genres are

instrumental in the interpretation of a text by mediating between its aesthetic and sociocultural
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components imposes no restrictions on the internal structure of a genre, as it is concerned with the

purpose or use of a particular text’s genre association. However, as Frow is chiefly concerned with

the impact a genre has on the interpretation of a text at a specific moment in time, translating

his theory into genredynamics requires limiting the time span of the transition functions, as with

Bakhtin’s theory.

In the musical domain, the connections are equally clear. Fabbri’s characterization of genres as

‘socially agreed-upon rules’ is tied to the perceptual methodology used to determine the uniqueness of

a piece; social agreement is analogous to determining the layout of the genre space through a process

of culturally and socially mediated decision-making. From there, the ’rules’ correspond to features

or variables which primarily live in the aesthetic space, and can be translated by requiring genres

that occupy the same space in the aesthetic domain to occupy the same space in the sociocultural

domain as well.

Automatic genre recognition (AGR) approaches impose an additional restriction: not only are the

rules aesthetic in nature, but there are a finite number of relevant parameters, so only a subspace of

the aesthetic space must be considered when making a genre assignment. From the AGR standpoint,

the sociocultural variables are assumed to either be irrelevant or to be determined by the auditory

features, so including them in the analysis is redundant. In both cases, the time span is limited to

restrict the effect of the transition functions; in fact, most approaches to AGR require time to not

change at all, since they are designed and assessed using snapshots of the musical space.

Brackett’s view requires variation in time and allows for genres to move independently in the

aesthetic and sociocultural domains; as such, it is the broadest of the theories discussed here, and

necessitates the fewest restrictions on genredynamics, if any. In fact, the only such refinement that

may be necessitated is a limit on the rate at which the transition function can alter the boundary of

a particular genre. However, this restriction is not intrinsic to Brackett’s theory, and would only be

necessary to account for practical limitations on the production and dissemination of musical pieces.

Because of genredynamics’s reliance on sociocultural variables and its embrace of genre shift

in aesthetic, cultural, and material domains, it bears especially striking similarities to Born and

Haworth’s (2018) framework, which is in turn an extrapolation of assemblage theory as developed

by Deleuze and Parnet (1987) and DeLanda (2006, 2016) to music, mediated through Born’s frame-

work of musical materiality (Born, 2011). Unlike Born and Haworth, who state that ‘the musical

assemblage becomes an aggregate of mediations – of discourses, embodied experiences, social rela-

tions, visual representations, technologies, physical and virtual sites, and other processes and entities

that “carry” while transforming, translating, and modifying musical sound’ (Born & Haworth, 2018,

p. 609), genredynamics strives to weight aesthetic and sociocultural aspects of genre classification

equally. This distinction is due to the perceptual relevance of auditory cues in assessing the genre

membership of a particular musical text, even if that genre is constructed by social, cultural, and

material action.
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However, this divergence between genredynamics and Born and Haworth’s mediation-based

model can be represented using restrictions on the transition function and the relevant parame-

ters for distinguishing between genres; both theories assert that genres are assemblages of musical

texts characterized by specific varieties of sociocultural mediation, but while Born and Haworth

imply that genres are determined primarily by the mediations themselves, genredynamics allows the

possibility that genre structure may also be caused by the aesthetic landscape. This causality is

represented by the inputs to the transition function, as well as the assertion that two genres are

equivalent if their sociocultural and material aspects are identical.

4.4.3 Construction in formal mathematics

These definitions and translations can also be phrased in terms of concepts from theoretical mathe-

matics, especially differential topology. Here, these concepts will be defined in terms of music, but

the model’s structure is generalizable across any artistic domain.

All of these terms are defined for a specific listener or set of listeners, denoted L. In general, as

the size of the set of listeners increases, the specificity of the model decreases, since most listeners

are only familiar with a relatively small collection of music and each listener will collapse musics

with which they are unfamiliar into less informative aggregations. Formally, for the set of genres

{G}, lim|L|→∞ |{G}| = 1. Since the existence of L is implied throughout, it is not included in the

notation.

The aesthetic space E is a m-dimensional space locally diffeomorphic to Rm with m sufficiently

large that every musical piece is represented as a point p ∈ E and, for p, q ∈ E, p = q if and only if

p and q sound like the same piece to each member of L.

The sociocultural space S is a n-dimensional space locally diffeomorphic to Rn with n sufficiently

large that every musical piece is represented as a point p ∈ S and, for p, q ∈ E, p = q if and only if p

and q are understood by every member of L to have the same materiality and sociocultural identity,

where materiality and sociocultural identity are defined as in Section 3.1.

The musical space M = E × S is the product of the aesthetic and sociocultural spaces. As a

result, it is locally homeomorphic to R(m+n), since E and S are linearly independent by construction.

The discreteness of musical objects are treated as embeddings in the musical space M, in a

similar fashion to Mazzola and Tymoczko’s use of orbifolds in representing pitch-class sets and

chords. However, as M includes potential musical objects outside the constraints of the embeddings

associated with any particular music, it is preferable to contend with a space containing all possible

musical objects and assume that listeners classify them according to their musical priors than to

presume that M is a discrete space. Similarly, although the set of extant musical pieces is merely a

submanifold of M, the musical space itself must contain all possible combinations of aesthetic and

sociocultural traits, rather than all currently realized such combinations.

A genre G ⊂ M is a differential (m + n)-dimensional manifold, or the union of some finite
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number of such manifolds such that the separate manifolds do not intersect, each with boundary

∂G. Each disjoint manifold or a genre, called a component, is treated as an independent genre

within genredynamics; the components share a genre label, but are modelled separately.

Lemma 4.4.1. ∂G is a smooth, (m+ n− 1)-dimensional manifold without boundary.

Proof. Let
{
Uα, hα

}
be an atlas on G. By definition, for every point p ∈ ∂G, there is some Uα such

that p ∈ Uα, and since Uα is an open set in G, Uα ∩ ∂G = Vα is an open set in ∂G. In particular,

due to the locally homeomorphic property of G, there is some neighborhood Γ(p) ⊂ Vα on which

there is a homeomorphism gp : Γ(P ) → R(m+n−1). Therefore,
(
Γ(p), gp

)
is a chart in ∂G, and

the collection of all such charts is an atlas on ∂G. Furthermore, the transition maps g−1
q gp, when

restricted appropriately, are themselves smooth. Therefore, this atlas delineates a C∞ structure on

∂G, which is by construction Hausdorff and second-countable, and is therefore a smooth manifold,

which by definition must have no boundary.

At this point, it is worth mentioning one key element of the distinction between continuity

and differentiability. Since both G and ∂G are smooth manifolds, they are by definition locally

diffeomorphic to Rm+n and Rm+n−1, respectively. However, neither the union nor the intersection

of two genres G1, G2 or their boundaries ∂G1, ∂G2 is necessarily a smooth manifold. Specifically,

it is most likely that the requirement of differentiability of all orders (that is, that every partial

derivative exists at every order) is violated, in which case the resulting union or intersection may be

a manifold, but is not smooth. There may also be cases that violate continuity, in which case the

resulting union or intersection of genres is not a manifold at all. Therefore, the structures of genres

cannot be effectively generalized to their unions or intersections.

The union G′ of all genres G is the genre space, and constitutes all pieces of music, realized or

not, along with their sociocultural traits, that belong to any genre. As just discussed, G′ may not

be a manifold, much less a smooth one. This theory will consider M as the foundational space,

rather than G′, since it is my construction invariant under temporal changes in the realized musical

landscape, such as the addition of new musical pieces, changes in the way discrete aesthetic or

sociocultural parameters are embedded into the musical space, or shifts in how pieces of music are

classified into genres. This invariance implies that time need not be included as a dimension of M ,

and can instead be implemented directly as modifications to individual genres G and, by extension,

the genre space G′, achieved using transition functions.

A transition function ϕG : M → M is a diffeomorphism associated with the genre G. This

transition function represents how G shifts over time. Although ϕG is necessarily smooth, it results

in abrupt shifts in the genre membership of individual pieces, since a given piece p’s membership in

a genre G is a Boolean function δ(p,G) of the locations of both the piece and the genre. Unlike other

models of sudden discontinuities arising from smooth dynamical systems, such as Thom’s catastrophe

theory (Thom, 1975), the shifts in genre are technically continuous, since for any piece p such that
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δ(p,G) = 1, there exists a neighborhood Γ(p) such that for each q ∈ Γ(p), δ(q,G) = 1, which is

trivially in a neighborhood Γ(δ(p,G)). Since this approach contends with the most generalizable

structure of genres G ⊂ M, although modeling shifts in genres between points in time analogously to

reconstructing a continuous audio signal from digital samples through smooth interpolation would

result in smooth-step transition functions (that is, smooth transitions from time t to time t + 1),

the transition functions here are defined as operating in continuous time, and are therefore smooth.

It should also be noted that because ϕG represents the smooth shift in a genre boundary over time,

there must exist some duration t during which any given genre is reasonably stable; that is, that

|x − ΦG(x)| < δ for some δ. Given a finite number of genres and a fixed δ, there must exist a

minimum t, which implies that a sufficiently narrow time span can be found for any desired degree

of genre stability. In this paper, we will consider this a restriction on the set of possible transition

functions ϕG.

Genre’s temporal dependence expands the range of genre theories obtainable through imposing

restrictions on the parameters of genredynamics. This can be demonstrated by proving that, for each

theory of genre, there exists a parsimonious subset of parametric values under which genredynamics

produces the structures predicted by that theory. It suffices in each case to show that such a

conceptual projection exists, not that the projection considered here is unique. In fact, it is likely

that alternative projections exist for each of these theories, depending on how they are interpreted

within this logical space. These proofs mirror the conceptual arguments made in the previous section,

but engage with the mathematical structure of the theory more directly.

4.4.4 Formal connections to existing genre theories

I will start with the foundational theories of Derrida and Bakhtin, demonstrate the potential for

deep mathematical complexity with Bhatia, and then apply this theory directly to the typical ap-

proaches in music with Fabbri and the AGR approach, as represented jointly by Tzanetakis and

Cook, Aucoutrier and Pachet, and Sturm. This is admittedly an incomplete sample of all extant

theories of genre, but the logical structure used here should be easily generalized to other theories.

In order to proceed with these proofs, some elementary notation is required. Here, F (ϕG) refers

to the space of transition functions associated with genre G. The projection of a genre into a

subspace S ⊂ M is notated M|S , and a transition function associated with that projection is notated

ϕG|S .
An alternate way of considering G|S , when S is homeomorphic to some Rk such that k < m+n, is

as the quotient space G/(G\S) with the normal quotient topology. This construction is useful when

S is the space spanned by some subset of generic characteristics, and there is an explicit connection

between S and some limited space of musical or melodic characteristics with a well-defined metric,

such as those detailed by Sethares and Budney (2014).
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Theorem 4.4.2 (Derrida). Derrida’s theory of genre is equivalent to the topological model with the

condition that there exists some aesthetic subspace T ⊂ E where T is homeomorphic to Rk for some

k < m such that, for any two genres G1, G2 ⊂ M, G1|T ⊂ G2|T ⇔ G1 ⊂ G2.

Proof. Derrida’s construction imposes no restrictions on how genres can change over time, and

places very little emphasis on the sociocultural aspect of genre when distinguishing between them.

Furthermore, he writes that there exists some trait that can be used to distinguish between genres.

In this construction, T represents the full possible domain of some trait or collection of traits which

operates as Derrida’s distinguisher. Viewed this way, the condition that G1|T ⊂ G2|T ⇔ G1 ⊂ G2

defines the existence of subgenres (also explicitly delineated by Derrida). Equality is implied by this

condition since

G1|T = G2|T ⇔ G1|T ⊂ G2|T , G2|T ⊂ G1|T

⇔ G1 ⊂ G2, G2 ⊂ G1

⇔ G1 = G2.

Furthermore, if G1|T ̸⊂ G2|T (WLOG), these conditions do not preclude the existence of some

v ∈ G1 ∩ G2, implying that genres may overlap without being identical or without one being a

subgenre of the other and satisfying Derrida’s condition that texts be allowed to participate in more

than one genre.

Theorem 4.4.3 (Bakhtin). Define a generic type K = (G1, ...) as a countable collection of genres

that exist in the same aesthetic domain (e.g.: all possible genres of music as opposed to speech);

note that it is possible for ∪K = M. Now, define the chronotope subspace χK ⊂ M as a subspace of

the musical space homeomorphic to Rk for some k < (m+ n) that contains all possible chronotopes

for texts belonging to a genre in K. Then, Bakhtin’s theory of genre (as expanded by additional

scholarship) is equivalent to the topological model with the following conditions:

• G1

∣∣
χK

⊂ G2

∣∣
χK

⇔ G1 ⊂ G2, and

• For each genre G ⊂ M, there exists some δ > 0 such that, for any x ∈ ∂G, |x− ΦG(x)| < δ.

Proof. The key distinctions between Derrida’s formulation of genre and Bakhtin’s are Bakhtin’s

formulation of the chronotope and his assertion that fully-developed genres are relatively static.

Therefore, the validity of the first condition relies on the nature of the chronotope, and the second

condition on the choice for δ and the definition of a norm in M.

For the first condition to hold, it suffices to show that if the chronotopes available to one genre

are a subset of the chronotopes available to another, then the first genre is a subset of the second.

This follows from Bemong’s characterization of the generic chronotope as “the world construc-

tions of a literary text(expressing a certain world view).”(Bemong, 2010) Under this definition,
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the chronotope explicitly models the specific relationships between aesthetic expression and socio-

cultural situatedness, which in the topological construction of genredynamics are represented as

locations in the full musical space M. Therefore, χK ⊂ M is a well-defined construct, and is dis-

tinct from Derrida’s distinguisher in that it includes socio-cultural aspects of genre, represented in

the socio-cultural space S. Furthermore, chronotopes are consistently framed as generic prototypes

or representations of shared characteristics (Bemong, 2010; Morson, 1990) and as tools for under-

standing works within some genre from outside that genre (Bakhtin, 1990). Therefore, the claim

that G1

∣∣
χK

⊂ G2

∣∣
χK

⇔ G1 ⊂ G2 is consistent with the nature of the generic chronotope. Generic

equality is demonstrated as in Theorem 4.4.2.

For the second condition, let ζp : M → Rm+n be a homeomorphism on some neighborhood Γ(p)

of a musical piece p ∈ M, which we know exists by the definition of the musical space M. Then

for a distance function d : Rm+n × Rm+n → R, the function composition d ◦ (ζp × ζp) is a distance

function on M
∣∣
Γ(p)

. Since M is locally homeomorphic to Rm+n, we can define an open covering of

M comprised entirely of neighborhoods on which local homeomorphisms to Rm+n are defined. Now,

for any two points p, q ∈ M, define the shortest possible sequence p = {p0, p1, ...pk}, where p0 = p

and pk = q, and for a neighborhood Γ(pi) on which the homeomorphism ζpi
: Γ(pi) → Rm+n is

well-defined, pi+1 ∈ Γ(pi). Now, define a function D(p, q) =
∑k−1

i=0 d
(
ζpi(pi), ζpi(pi+1)

)
. Since d is

non-negative, D is as well. Furthermore, if p ̸= q, D ≥ d
(
ζp(p), ζp(p1)

)
> 0, so D(p, q) = 0 ⇔ p = q,

and D : M×M → R is a well-defined norm, and can be used in the second condition above. As δ is

arbitrary, it can be selected to guarantee any desired degree of stability for G.

Theorem 4.4.4 (Bhatia). Bhatia’s three-space model of genre as discourse is equivalent to the

topological model with the following identities:

• Bhatia’s socio-cultural space is mapped to the socio-cultural space S;

• Bhatia’s textual space is mapped to the aesthetic space E; and

• Bhatia’s socio-pragmatic space, with its implied socio-cultural dependency, is mapped to a space

of domain restrictions on smooth maps from M to itself.

Note that the third condition is similar to the original definition of a transition function, but

with the added condition that these maps are dependent on the socio-cultural aspect of a genre. To

prove this theorem, we require the following two lemmas.

Lemma 4.4.5. Let K be a closed subset of a smooth manifold M and f : K → R a smooth function.

Then f is a restriction of a smooth function on M .

Proof. (Kosinski, 1993) For every point p ∈ K let Up be an open neighborhood of p for which

Fp : Up → R is a smooth map that agrees with f on Up ∩ K. This construction exists by the

definition of a smooth function on a subset of a smooth manifold. Now, consider the covering of
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M consisting of sets Up and M \K (that is, the complement of K; this is an open subset of M by

construction) and let
{
Vα

}
be an adequate atlas refining it, with the associated partition of unity{

µα

}
. Define functions gα on M as follows:

gα =

µαFp, Vα ⊂ Up

0, otherwise
(4.1)

Now, let g(p) =
∑

α gα(p). This sum is finite on a neighborhood of p; since the target of Fp is

R, this implies that g is a smooth function on M . If q ∈ K, then gα(q) is either zero or µα(q)f(q),

since Fp agrees with f on K. Therefore, we have

(q) =
∑
α

µα(q)f(q) = f(q)
∑
α

µα(q) = f(q) (4.2)

since
∑

α µα(q) = 1.

Lemma 4.4.6. Let M and N be m- and n-dimensional manifolds, respectively. Further, let Uk ⊂ M

be defined such that for a maximal atlas
{
Uα, hα

}
on M , there exists some set of indices {pi} =

(p1, ..., pm−k) where, for any x, y ∈ Uk, x ∈ Uk ∩ Uα, y ∈ Uk ∩ Uβ implies that hα(x)pi = hβ(y)pi

(that is, Uk is a restriction of M to k dimensions). Then Uk is a closed subset of M .

Proof. Since for all x, y ∈ Uk, hα(x)pi
= hβ(y)pi

, let {vi} = (v1, ..., vm−k) be defined such that for

every x ∈ Uk, hα(x)pi
= vi. Now, let p ∈ M be defined such that p /∈ Uk, and let (Uγ , hγ) be a chart

such that p ∈ Uγ . Then there must be some pi such that hγ(p)pi ̸= vi. Now, let r =
∣∣hγ(p)p1 − vi

∣∣,
and define Γr(p) =

{
q ∈ Uγ

∣∣|hγ(p) − hγ(q)| < r
}
. This is an open neighborhood of p such that

Γr(p)∩Uk = ∅. Therefore, M \Uk is an open subset of M , so Uk must be a closed subset of M .

Now we may prove Theorem 4.4.4.

Proof. (Theorem 4.4.4) The first two identities are obvious from the definitions of S and E. The

last identity highlights the fundamentally dynamic nature of generic discourse inherent to Bhatia’s

theory. However, as Bhatia’s socio-pragmatic space relies on the socio-cultural situation of a genre,

such an identity requires that ΦG be dependent on G
∣∣
S. What remains to be demonstrated is that

such a dependency does not interfere with the smooth nature of generic dynamics.

Define the smooth function λ : M
∣∣
S → F

(
ΦG

)
. Now, for some p ∈ M, define the local home-

omorphism ζp : Γ(p) → Rm+n, and for for some G ⊂ M such that p ∈ G, define Gp = G ∩ Γ(p)

and let φp be the composition ζp ◦
(
λ(Gp

∣∣
S)
)
. By construction, φ is a smooth function from Gp to

Rm+n. Therefore, both φp and ζp may be written as m+ n smooth functions from Gp to R; denote
these functions as

{
φi

}
p
= (φ1, ..., φm+n) and

{
ζi
}
p
= (ζ1, ..., ζm+n), respectively. As Lemma 4.4.6

proves, Gp

∣∣
S is a closed subset of Gp. Therefore, φi : Gp

∣∣
S → R are smooth functions mapping a

closed subset of Gp to R, and so are each the restriction of a smooth map Φi : Gp → R, as proven in
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Lemma 4.4.5. Taken together, this is a parametrization of the function Φ : Gp → Rm+n, which may

be written as the composition ζp ◦
(
Λ(Gp)

)
, where Λ : M → F

(
ΦG

)
is an extension of λ. Since ζp is

a homeomorphism,
(
Λ(Gp)

)
: M → M must also be a smooth map. Such a smooth map exists for

every p ∈ M, so the parametrized mapping implied by Bhatia’s socio-pragmatic space is everywhere

smooth.

Theorem 4.4.7 (Fabbri). Fabbri’s model of genre is equivalent to the topological model with the

following restrictions:

• For each genre G ⊂ M, there exists some δ > 0 such that, for any x ∈ G, |x−ΦG(x)| < δ; and

• For any pair of genres G1, G2 ∈ M, G1 = G2 ⇔ G1

∣∣
E = G1

∣∣
E

Proof. The existence of a norm can be shown using identical logic to that in Theorem 4.4.3. Given

such a norm, the first condition satisfies the stability of the genre in time, as δ may be arbitrarily small

to satisfy an arbitrarily static genre. The second condition sorts the musical space into equivalence

classes based on their projections into the aesthetic space, which satisfies the intrinsically-defined

nature of genre within this analytic framework.

It is worth noting that this structure does not remove genres from the sociocultural space; rather,

it merely stipulates that the sociocultural dimensions of a genre need not be observed to determine

if two genres are identical.

Theorem 4.4.8 (AGR). Automatic genre recognition (AGR) models are equivalent to the topological

model with the following restrictions:

• F
(
ΦG

)
= id; and

• There exists some finite, countable collection of k dimensions where k ≤ m such that E(k)
is the restriction of E to only those k dimensions and, for every pair of genres G1, G2 ∈ M,

G1 = G2 ⇔ G1

∣∣
E(k) = G2

∣∣
E(k)

Proof. AGR models are distinct from Fabbri’s theory in that they are entirely static and empirically

assessed. The first distinction requires that genres be stationary at the point of observation, which

implies that the only permissible transition function is the identity. The second distinction requires

that the observation set be finite and countable; since AGR models are type-oriented, there is a

preexisting restriction to the aesthetic space E, so the imposition of a finite, countable subspace of

E must not violate that condition.

Theorem 4.4.9 (Born and Haworth). Born and Haworth’s model of genre is equivalent to the

topological model with the following restrictions:

• For ever pair of genres G1, G2 ⊂ M, G1 = G2 ⇔ G1|S = G2|S; and
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• The transition function ϕG depends solely on G|S.

Proof. Born and Haworth characterize genres as assemblages of social and cultural mediations that

operate on music as a sonic artifact. As such, it is the sociocultural nature of genre that is of

crucial relevance rather than its acoustical signature. This first condition captures this dependence.

The second condition stems from the causality implied in Born and Haworth’s construction; to

them, genres are the result of social, cultural, and material mediations, which in turn implies that

alterations in the genre landscape must in turn be driven by the same variables.

Since Frow’s and Brackett’s models of genre do not require any restrictions on genredynamics,

separate proofs are not provided for them.

4.4.5 Practical implications of genredynamics

Genredynamics is defined for a specific listener or set of listeners, and relies on this construction for

its perceptual validity. Since, as shown above, genredynamics can be restricted to produce other

extant theories of genre, including AGR models, its perceptual bent implies that these practical

instantiations of genre recognition are intrinsically valid for a specific set of listeners, but may not be

applicable for other listeners or communities. More generally, practical models of genre recognition

must navigate a tradeoff between specificity, or the ability to detect distinctions between closely-

related genres, and generalizability, or the ability to define the genre space for a large variety of

listeners. This restriction cannot be avoided, but should be explicitly incorporated in future models

of genre.

In addition, genredynamics’s capacity to generate other extant theories of genre relies on the

flexibility with which it treats variation over time. This implies that practical models of genre

recognition are highly dependent on temporal context and become less accurate as the temporal gap

between their construction and their application increases. One way of resolving this problem of

validity may be constructing models that incorporate shifts in time as inputs to the genre recognition

system.

The use of differential topology to achieve these ends has its own set of practical implications.

In particular, it allows for the analysis of structural similarities and distinctions between different

genres. Up to now, genre theory has focused primarily on genres as a whole; however, characterizing

the topology of genres may offer new insights into differences between genres and the roles they play,

both in the aesthetic and the sociocultural domains.

Lastly, there is a great deal of potential research in the specific parametrization of the abstract

musical space M into the real space Rm+n. Theories focusing on musical elements such as pitch,

harmony, meter, timbre, and loudness all rely on implicit parametrizations, but they are by no means

exclusive or exhaustive. By framing genre as a construct in an abstract space, genredynamics both

requires the explicit definition of these mappings and exposes a potential mechanism for revealing
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the construction of M: any parametrization of M onto Rm+n must preserve the formal structure of

genre in both spaces, so M must itself be organized so that an empirically supported parametrization

into Rm+n is possible.

4.5 Comparison with psychological theories of categorization

As demonstrated, genredynamics projects well to canonical views of genre within literary and mu-

sicological scholarship. Ideally, a similar identity would be apparent between genredynamics and

the psychological theories of categorical representation discussed earlier. The malleable nature of

genres in the genredynamics framework blends well with probabilistic approaches to perceptual cat-

egorization due to the proliferation of Bayesian methods in cognitive modelling: temporal shifts can

be represented by making each successive classification dependent on prior observations. However,

there are two primary misalignments between these psychological theories and the view of genre

presented here.

4.5.1 Corners and differentiability

Smith’s similarity-based model of classification (1989) poses the most immediate dilemma for this

structure. Smith differentiates between classification processes in children and adults, claiming that

there is a direct relationship between age and the dichotomousness of classification decisions. For

adults, he proposes that genre assignment (seen as a specific instance of abstract classification) is a

reasonably dichotomous function of the distance between elements in the various dimensions of the

musical space. Under this construction, for any collection of n > 2 categories, each of which shares

a boundary with at least one other, there will be at least one nondifferentiable corner in at least one

boundary. This violates the smoothness condition for genre boundaries.

There are several ways to reconcile these two views, such as relaxing either the dichotomous

condition in Smith’s theory or the smoothness characteristic of genre boundaries in genredynamics.

However, the increasingly dichotomous nature of classification is a hallmark of the similarity-based

classification paradigm, and is driven by empirical data, while boundary smoothness is central to the

mathematics of topological genredynamics. Further investigation and refinement of both theories

would be necessary to resolve this conflict.

4.5.2 Gaps

A similar problem arises when considering the decision boundary model of classification, especially if

boundaries are viewed as disambiguating lines for a probabilistic genre assignment. Accounting for

the corner problem under either the dichotomous similarity or decision-boundary constraints neces-

sarily opens gaps, or spaces where pieces have no genre assignment. This results in a classification
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which has smooth boundaries for each genre, but is not a cover of the musical space.

At its core, this dilemma is a refutation of the idea that classifications are necessarily dichotomous:

Corollary 4.5.1. If genres are characterized as smooth manifolds with boundary in the musical

space M, and G ⊂ (∪G), then for every genre G ⊂ M such that ∂G intersects the boundaries of

at least two other genres, there is some element x ∈ (G\∂G) and a second genre H ̸= G such that

x ∈ H.

The restriction that G share a boundary with at least two other genres precludes the scenario

where one distinct genre is entirely contained within another. It should be noted that this corol-

lary does not imply any fuzziness in the genre boundaries; rather, it merely indicates that those

boundaries cross.

4.5.3 A possible solution

Random walk models offer the clearest route towards reconciling the psychological and topological

views of genre categorization. For exemplar-based and prototype-based random walk theories, cat-

egories are fuzzy sets: each element of the musical space x ∈ M is assigned a probability vector px,

where each element px(G) is the probability that a random walk starting at x ends at an exemplar

of genre G. If a discrete classification is desired, we can assign an error ϵ > 0 and write the following

rule:

x ∈ G ⇔ px(G) >
(
max(px)− ϵ

)
(4.3)

This allows individual pieces to belong to multiple genres, requires that every piece belong

to at least one genre, and removes the fuzziness from the sets. If this construction mirrors the

mechanisms by which humans form categories, then it should be possible to optimize ϵ to match

empirical classification data.

It should be noted that Equation 4.3 is necessitated by the non-fuzzy definitions provided in

this paper. An alternative approach would entail redefining the present theory to account for fuzzy

geometries. However, such a strategy does not align with the current methodological consensus in

computational psychology that although humans may compute using probabilistic or fuzzy terms,

the final output of those processes is Boolean. In other words, a human may have similar probabilities

of making two alternative decisions, but in a real-world scenario, only one of the two will manifest.

Since this theory is concerned with genres as they appear in external milieux (with respect to the

individual cognitive system), it seems prudent to compute a Boolean output using probabilistic

methods, rather than retain uncertainty throughout.
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4.5.4 Persistent misalignments between the theories

For all the attractiveness of this solution, it reflects a fundamental divide between the psychological

theories of schema construction and the genredynamics model. The most obvious expression of this

dissociation is the gap between how they contend with categorical overlap; psychological schema

are characterized either by boundaries between disjoint categories or by inherent fuzziness, while

genredynamics requires that genres are Boolean rather than fuzzy but allows individual items to

belong to multiple genres simultaneously. Furthermore, resolving the inherent fuzziness of random

walk classification by actually performing the necessary random walks for each possible stimulus

would result in structures that violate the smoothness condition of genres in this topological view.

In short, although genredynamics implies other genre theories, it does not align particularly well

with any single theory of classification. The closest match is a dual-system model that uses a set

of heuristics or simple rules to perform the classification in non-ambiguous cases and relies on some

other mechanism to resolve ambiguities. However, there is still a considerable structural gap between

random walk models, which were designed explicitly to resolve ambiguities, and genredynamics’s

comfort with overlapping categorical boundaries.

4.6 Musical and extra-musical ambiguities

Multi-step classification procedures in the musical space would entail the delineation of heuristics for

unambiguously classified pieces, and a direct comparison with other known pieces of music for the

rest. Such an operation makes intuitive sense; for example, a piece involving loud, distorted electric

guitars and heavy, rhythmic percussion is almost certainly metal or some variant of hard rock (e.g.

Metallica’s ‘Enter Sandman’), while the presence of an acoustic guitar is much harder to classify

(e.g. the introduction to Led Zeppelin’s ‘Ramble On’). Some pieces rely on extramusical data for

their ambiguities, such as Disturbed’s cover of ‘Sound of Silence’ by Simon and Garfunkel, which

is a death metal band’s acoustic cover of a folk rock song, or Sarah Jarosz’s folk/bluegrass cover of

the Radiohead song ‘The Tourist,’ offering further justification for the inclusion of such data in the

musical space.

Another approach would be classification by exclusion. Rather than use a simple rule-based

heuristic to determine the classification of unambiguous objects, rules would be applied to assess to

which categories an object can not belong, and random-walk models would be used to disambiguate,

if necessary. This approach is more computationally involved in the majority of cases, but may reduce

the number of ambiguities that require assessment even further than an inclusion-based model. In

musical terms, this exclusionary structure is perhaps best embodied by progressive folk-rock band

Jethro Tull winning the inaugural Grammy Award for Best Hard Rock Performance, a victory whose

implausibility is best summed up by Tull’s own label, Chrysalis Records, running an advertisement

reading ‘the flute is a heavy, metal instrument.’
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Contemporary art music offers another variety of ambiguity. Composers such as Steven Mackey

and Julia Wolfe explicitly use instrumentation or musical motifs drawn from rock and jazz, but

situate them in overtly ‘classical’ contexts. As such, they pose dilemmas for classification schemes

that rely solely on aesthetic data. Similarly, the Tony Award for Best Original Score in the years

2004-2008 went to Robert Lopez and Jeff Marx’s Sesame Street-esque Avenue Q, Adam Guettel’s

neo-Romantic The Light in the Piazza, Lisa Lambert and Greg Morrison’s self-conscious 1920s

throwback The Drowsy Chaperone, Duncan Sheik’s punk-rock Spring Awakening, and Lin-Manuel

Miranda’s hip-hop-infused In the Heights. All five shows belong to the same ‘musical theatre’ genre

almost entirely on the strength of their shared context. These instances necessitate a primary

classification – art music for Mackey and Wolfe; and musical theatre for Lopez, Marx, Guettel,

Lambert, Morrison, Sheik, and Miranda – driven by sociocultural features, with their aesthetic

elements relegated to defining subgenres. These distinctions imply that both sociocultural and

aesthetic data can occupy a position of primacy in multi-step classification decisions.

4.7 Conclusions

Situating extant theories of genre within an underlying topological model is powerful for three rea-

sons. First and foremost, it implies that disparate theoretical approaches to genre are not mutually

exclusive. They reflect different sets of priorities when it comes to generic analysis rather than fun-

damental disagreements about the nature of genre itself. Second, since each theory discussed here is

implied by genredynamics, mathematical results on smooth manifolds and diffeomorphisms in topo-

logical spaces should extend to their analogues in genre theory. This opens a variety of potential

avenues for theoretical investigation. Finally, it offers a conceptual bridge between the pragmatic

AGR paradigm popular in music information retrieval and more abstract dialectic models favoured

by literary and linguistic studies of genre.

Since these conclusions rely on the malleability of the transition function, they can also be taken

as evidence for the necessity of including dynamics in any general theorization of genre. This does

not imply that static conceptualizations of genre are flawed; rather, it indicates that static models

are better conceived as models with restricted domains for their transition functions. Although

such a shift may seem semantic, it has some potentially far-reaching consequences. Most notably, it

requires that static theories proactively reject the possibilities that genres may change, rather than

simply defaulting to a non-dynamic representation. This shifts the locus of analysis away from a

snapshot view and the methodological problems associated with reifying genres as artifacts within

a musicocultural space.

The generalizability of genredynamics to other theories of genre, enabled by its formalization of

the malleable nature of genre, is bolstered by its relationship with psychological models of abstract

representation. If experimental evidence in perceptual categorization continues to converge with
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the topologies proposed here, this would offer powerful evidence for recasting genre as a cognitive

construct, rather than as an imposed, economic ordering or a property of the physical audio signal

itself. Evidence in the psychological domain appears to be building in this direction, especially as

multiple systems approaches become more popular (T. Davis et al., 2012; Erickson & Kruschke,

1998; Poldrack & Foerde, 2008).

More broadly, the alignment between genredynamics’s structure and multiple systems models

implies that individual, single-system models become increasingly inadequate as the stimulus space

grows in complexity, suggesting a shift in the focus of model parsimony. Most arguments for par-

simonious models argue that redundant systems are inefficient, and therefore less likely under evo-

lutionary pressure. However, if we emphasize computational efficiency rather than representational

simplicity, the calculus changes. It may be more efficient for a system to perform a simple com-

putation, such as a rule-based assignment, with the proviso that ambiguous cases will be resolved

through a more intensive but resilient method, such as an exemplar-based random walk, than for

it to perform the intensive method alone. This is because the additional computational power of

the second computation will only be required in the minority of cases, and the computational power

of the rest of the cases will be drastically lower. There is evidence, particularly in neuroimaging

studies, to support this kind of multi-step process (T. Davis et al., 2012).

The specificity of the musical examples discussed earlier necessitates a further observation about

the nature of fuzzy classifications. Although they have become more common in mathematical

treatments of decision-making processes, fuzzy sets are fundamentally representations of probability

distributions, while individuals collapse those distributions to specific choices. Fuzzy decision-making

relies on the assumption that individuals’ priors can be captured by population-level measures of

probabilistic central tendency. Perception processes such as genre detection, however, operate on

the individual level. Therefore, fuzzy models are less models of individual decision-making than

aggregations of an entire population’s decisions.

From a purely analytical perspective, this is perfectly valid. However, musical genres are very

individualized, and change as specific consumers are exposed to more or different musics. One lis-

tener might collapse multiple distinct categories into a single category, as reflected by distinctions

between subgenres of electronica or classical art music, while other listeners might divide a unified

genre into multiple classifications based purely on irrelevant surface structures. An individual who

generally classifies music by its deep structural features, for instance, will mistakenly sort pieces

into categories that are primarily distinguished by surface characteristics or social context. Fur-

thermore, listeners change their classifications based on idiosyncratic shifts in knowledge, beliefs, or

sociocultural context, imparting an individual-level instability to the genre space.

These intuitive mismatches are depicted clearly in the mismatch between genredynamics’s topo-

logical structures and the structures generated by categorical perception models. As described

earlier, no psychological theory of categorical perception generates geometries commensurate with
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those inherent to genredynamics. There are two possible resolutions to this mismatch: either genres

are not perceptual categories, or psychological models of categorical perception are too reliant on

model parsimony and, consequently, too quick to apply methods used for resolving ambiguities and

edge cases to all stimuli. The likeliest answer is that neither theories of genre nor psychological

models of representative memory are sufficiently nuanced to capture the full variety of perceptual

categorization schema, and that the geometric inequalities detailed in this paper indicate the need

for further development in both domains.

It is clear that topological genredynamics offers a crucial point of comparison between philo-

sophical theories of genre and psychological theories of representation, particularly hybrid models.

Additionally, genredynamics implies other extant theories of genre when restricted appropriately,

indicating that it may serve as a generator for other conceptualizations of genre. Most importantly,

the connection between genredynamics and theories of abstract representation implies that genres

either represent or embody cognitive categories that are formed through experience and learning.



Chapter 5

Conclusions and future directions

Throughout this dissertation, I have been concerned with questions of musical functionality, or the

ways in which music and musical activities have direct impacts on other aspects of human behavior.

In Chapter 1, I proposed a theory of musical functionality that synthesizes contemporary media-

tion theories of music with evolutionary and developmental accounts of music. This theory is strongly

interdisciplinary, as it unifies music cognition, developmental psychology, and cultural psychology

within one framework.

In Chapter 2, I proposed and assessed a definition of syncopation that unifies music-theoretic

ontologies with predictive processing and Bayesian modeling typical of cognitive science. This model

is flexible enough to link syncopation directly to non-Western rhythmic structures within the same

cognitive framework, implying that syncopation is a music-specific instantiation of a universal cog-

nitive process. Conceptualizing syncopation in this way also opens a potential avenue for novel

inter-cultural research on how syncopation-like structures manifest in different musical traditions.

Chapter 3 describes initial results from the first project using music to explicitly study cultural

differences in the psychological construction of emotion. This work unifies several disparate streams

of inquiry across multiple disciplines, including cultural specificity of music-induced emotion, affect

valuation theory, and surprisal-based theories of musical affect. I have also begun probing how

preferences for various mood regulation strategies may reveal further details of cultural disparities

in affect.

The theory of genredynamics I proposed in Chapter 4 combines genre theory, perceptual clas-

sification, and theoretical mathematics within one framework. In particular, I demonstrated that

several extant theories of genre were special cases of genredynamics, that there were substantial

similarities between each of these theories and psychological models of perceptual classification, and

that the computational framework of genredynamics effectively shifts the focus of genre theory from

the nature of genre as a concept to the structure and behavior of specific genres.

111
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Through these papers, I discussed three primary regions of musical functionality. First, I ad-

dressed how music acts as a vehicle for shaping perception through prior knowledge. This is most ev-

ident in my perceptual approach to syncopation, which is dependent on prior knowledge of rhythmic

hierarchies, and genredynamics, which implies that genre classification is based in part on listeners’

prior understanding of the extramusical associations tied to different genres. Next, I investigated

how music can be a tool for managing emotional states, or what DeNora called a “technology of

the self” (DeNora, 1999). In particular, I probed the cultural specificity of this musical function,

along with the ways in which music offers a uniquely powerful tool for studying cultural variation

in emotions themselves. Last, my work on genre addresses the ways in which music is a source of

information about others and society in general. Since genres are determined in part by extramusical

associations, rather than just the musical surface itself, they play a key role in music’s function as

a cultural signifier.

5.1 Future directions

Each of the four projects in this dissertation provide ample opportunities for future research.

5.1.1 Chapter 1

I will seek other manifestations of the culture-cognition mediator model and identify potential dis-

crepancies between the model and real-world music. Since it is primarily a descriptive model rather

than a predictive one, I will also seek additional ways to operationalize it as falsifiable predictions

about musical functionality. This is directly tied to my most recent work on clinical applications of

music in children with social functioning disorders. Those projects most commonly leverage music’s

ability to use learned, culture-specific features and associations to cause changes in underlying cog-

nitive capabilities such as mutual attention. However, the culture-cognition mediator model implies

both that musics from cultures unfamiliar to the listener may elicit different responses and that

listeners may shape their environment in part by how they interact with or produce music. Because

of that, empirical research applying this model to clinical applications of music for scaffolding social

function may benefit greatly from considering both directions of music-mediated causality between

cognition and culture.

5.1.2 Chapter 2

I will hone the probabilistic definition of syncopation to incorporate the results from my empirical

studies by removing the independence of note onsets and incorporating variation in the strength

of priors associated with different meters. In addition, I will design further experiments to probe

intercultural variation in metrical primes. This will entail drawing hierarchies from different cultures
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and will require that I specify expertise in, exposure to, or fluence with rhythmic hierarchies when

recruiting participants. However, this work is necessary to verify the inter-cultural validity of the

probabilistic approach to syncopation. Lastly, I will refine these experiments to target induced

rather than given rhythmic hierarchies by allow participants to induce their own metrical hierarchy,

rather than providing one with a click track. While this is more ecologically valid, as providing a

metrical priming sequence avoids part of the inferential process implied by the model, it also requires

more care in selecting rhythms, particularly if implemented alongside more rigorous cross-cultural

methodologies.

5.1.3 Chapter 3

I will further test the hypothesized differences in affect parametrization by designing experiments

to specifically assess Joy and Sadness, rather than using the broad methodologies employed in this

dissertation. In addition, I will perform norming studies to construct a database associating songs

with their popularity, familiarity, and induced affects in a variety of cultural environments, enabling

a more systematic approach to selecting songs for listeners to respond to. This broad norming

survey will also contribute to my ability to observe mood-regulation behaviors in context, employing

ecological momentary assessment (EMA) approaches to observe music-listening behavior in a more

ecologically valid context. Lastly, I will apply more nuanced measures of culture, rather than using

geography as a loose proxy, as recommended by Jacoby et al. (2020). This will avoid making

assumptions based on national origin or ethnicity, allow me to assess underlying constructs more

directly, and may help resolve issues of heteroscedasticity among samples from different cultures.

5.1.4 Chapter 4

I will extend genredynamics into other mathematical domains, particularly category theory. This

will help clarify several definitions used in this chapter, and may reveal additional features of genre

structure and behavior. It may also open novel connections between the mathematical disciplines

in question; although my primary focus with genredynamics remains the application of mathemat-

ics to music cognition, this project represents an opportunity for mutual disciplinary benefit from

transdisciplinary enquiry that should not be squandered. In addition, I will empirically verify as-

pects of the model, particularly around perceptual behaviors at the boundaries of or intersections

between genres. However, since genres exist partly in social and cultural spaces, the tools typical

of experimentation are often neither feasible nor ethical to apply. Because of this, most empirical

approaches to genre are observational, so this work requires the development and implementation

of methodologies that enable direct experimentation on genre.
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