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Abstract

What was the role of music in the evolutionary history of human beings? We address this question

from the point of view that musicality can be defined as a cognitive trait. Although it has been argued

that we will never know how cognitive traits evolved (Lewontin, 1998), we argue that we may know

the evolution of music by investigating the fundamental cognitive mechanisms of musicality, for

example, relative pitch, tonal encoding of pitch, and beat induction. In addition, we show that a

nomological network of evidence (Schmitt & Pilcher, 2004) can be built around the hypothesis that

musicality is a cognitive adaptation. Within this network, different modes of evidence are gathered to

support a specific evolutionary hypothesis. We show that the combination of psychological, medical,

physiological, genetic, phylogenetic, hunter–gatherer, and cross-cultural evidence indicates that

musicality is a cognitive adaptation.

Keywords: Music cognition; Evolutionary psychology; Musicality; Innateness; Adaptation; Relative

pitch; Beat induction

1. Introduction

Why do we have music? Is it a mere cultural phenomenon or is music biologically con-

strained? And if the latter is the case, is it possible to identify which traits make us musical

animals?
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While it became quite popular to address such questions from an evolutionary perspective

(Justus & Hutsler, 2005; McDermott & Hauser, 2005; Vitouch & Ladinig, 2009; Wallin,

Merker, & Brown, 2000), there is still little agreement on the idea that music is in fact an

adaptation, that it influenced our survival, or that it made us sexually more attractive. Music

appears to be of little use. It does not quell our hunger, nor do we live a day longer because

of it, so why argue that music is an adaptation?

For Charles Darwin it was clear: Neither the perception nor the production of music were

‘‘faculties of the least use to man’’ (Darwin, 1871, p. 878). It is a position that resonated in

much later work such as that of Steven Pinker, who wrote: ‘‘As far as biological cause and

effect are concerned, music is useless. (…) Music could vanish from our species and the rest

of our lifestyle would be virtually unchanged’’ followed by ‘‘… it is a technology, not an

adaptation’’ (Pinker, 1997; pp. 528–529). These statements—and the reference to music as

‘‘auditory cheesecake,’’ a mere pleasure-generating substance—did not increase Pinker’s

popularity among those studying music. Nevertheless, Pinker succeeded well in starting up

a discussion among music scholars and cognitive scientists on why we have music, and why

it could be relevant for cognitive science to study music at all (Ashley et al., 2006; Mithen,

2005; Zatorre, 2005). Pinker’s main argument is that music is a by-product (a so-called

spandrel) of two adaptations: a motivational system related to adaptive outcomes, and a

technological system that is adaptive for other outcomes but can be used to produce and

appreciate sounds that we consider as music (Pinker, 2007).

How convincing is this position? Are there indeed no arguments to show that music has

played a more direct and shaping role in man’s evolutionary development? Or should music

be considered as a sexually selected trait, a trait that evolved to attract partners rather than

to improve survival chances (Darwin, 1871; Miller, 2000)? Or could it instead be an exapta-

tion (Gould & Vrba, 1982) in which existing traits are put to new use? Or is music, as Pinker

suggested, no more than a pleasant side effect of more important functions, such as speech

and language?

In this paper we will outline and discuss a strategy that emphasizes cognitive traits that

could have contributed to the origins of music (for an extensive overview of the debate

about the evolution of music, see Patel, 2010). Despite the criticism of the possibility of

studying the evolution of cognition (Bolhuis & Wynne, 2009; Lewontin, 1998), we will

show that, next to the study of ‘‘music as biology,’’ addressing ‘‘music as cognition’’ might

put constraints on existing theories of music and evolution. We will start with a brief intro-

duction to the study of the evolution of cognition and potential pitfalls in this endeavor.

2. The study of the evolution of cognition

In 1992, a book was published called The Adapted Mind, which can be marked as the start of

the field of evolutionary psychology (Barkow, Cosmides, & Tooby, 1992). In this book, evolu-

tionary psychology is defined as ‘‘psychology that is informed by the additional knowledge that

evolutionary biology has to offer, in the expectation that understanding the process that

designed the human mind will advance the discovery of its architecture’’ (Cosmides & Tooby,
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1992). The tenets of evolutionary psychology are that the human mind has evolved by natural

selection, and that the human mind consists of many different cognitive mechanisms, each

evolved to solve a specific problem that our ancestors encountered in the evolutionary past. The

rise of evolutionary psychology has resulted in a new research area that has led to new empirical

discoveries inspired by evolutionary thinking (for an overview, see Buss & Reeve, 2003). How-

ever, this rise has also led to many criticisms, with some theorists arguing that our knowledge

about the evolution of cognitive mechanisms is too limited (Richardson, 1996, 2007), some

arguing that evolutionary psychology will not add anything to our current knowledge (Davies,

1996), and some even arguing that we will never know how cognition evolved (Lewontin,

1998). The latter criticism was particularly harsh, and we will discuss this one first, in order to

unravel whether the study of the evolution of music can be a fruitful enterprise at all.

3. Pitfalls in studying the evolution of cognition

Lewontin (1998) argued that evolutionary theory stands on three principles: variation,

heredity, and natural selection. In order to understand the evolution of cognition, we first

need to know how much variation in cognitive traits was available in ancestral times.

Because cognition does not fossilize, we will never be able to find this piece of evidence,

according to Lewontin. Second, we need to know whether cognitive traits are heritable.

Although there are many studies that provide evidence for the heritability of cognitive traits

(for a review, see Plomin, DeFries, McClearn, & McGuffin, 2008), it is particularly hard to

know which genes are involved, because cognitive traits are polygenic (e.g., Kovas &

Plomin, 2006). For example, the search for specific genes that are involved in intelligence

has not been successful (Plomin, Kennedy, & Craig, 2006). Third, we need to gather evi-

dence for the hypothesis that cognitive traits have been naturally selected. This implies that

we need to know whether there were two groups among our ancestors, one group without

certain cognitive traits, and one group that possessed these cognitive traits. In addition, we

need to know that the group without the cognitive traits was less able to survive and repro-

duce than the group that possessed these traits. According to Lewontin, there is no way to

gather this evidence. Lewontin finished his article by arguing that we should ‘‘give up the

childish notion that everything that is interesting about nature can be understood. (…)

It might be interesting to know how cognition (whatever that is) arose and spread and

changed, but we cannot know. Tough luck’’ (p. 130).

In the study of the evolution of music cognition, we have to take into account this criti-

cism. Do we better stop right now, or is there a way to deal with this criticism? We start

again with pitfalls, and then we discuss the prospects.

4. Pitfalls in studying the evolution of music cognition

Just like in the study of the evolution of cognition, in the domain of music cognition sev-

eral pitfalls can be identified. We argue that the critical points raised by Lewontin (1998)
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can be addressed by two research strategies: (a) distinguishing a very general cognitive trait

such as musicality from fundamental components that make up the cognitive trait and (b)

collecting accumulative evidence that is necessary to show that a cognitive trait is an

adaptation. We start with addressing the first point.

4.1. What are the fundamental components of music?

Many studies of the evolution of music concern the question of what defines music

(Cross, 2007; Vitouch & Ladinig, 2009; Wallin et al., 2000). Can birdsong, the song struc-

ture of humpback whales, a Thai elephant orchestra, or the interlocking duets of Gibbons be

considered music?

In trying to answer this question, it is important to separate the notions of ‘‘music’’ and

‘‘musicality.’’ Since a definition of music can easily be stretched to include all types of sound,

noises, and even plain silence, it makes the discussion of what is and what is not music one of

the most noticeable pitfalls in the study of music and evolution. We define musicality as a nat-

ural, spontaneously developing trait based on and constrained by our cognitive system, and

music as a social and cultural construct based on that very musicality. Without musicality no
music. With this important distinction, it is possible to talk about musicality without being

trapped into the discussion of what is or is not meant by ‘‘music.’’ In order to know the evolu-

tion of music, we will need to know the basic cognitive components that make up musicality.

We refer to this as the ‘‘music as cognition’’ hypothesis (Honing, 2011a).

Of course, the definition of musicality as a natural, spontaneously developing trait based

on and constrained by our cognitive system is still too general to be useful in the current

context. We have to demarcate precisely what makes up this trait we call musicality. What

are the cognitive mechanisms that are essential to perceive, make, and appreciate music?

Only when we have identified these fundamental mechanisms are we in a position to see

how these might have evolved. In other words, the study of the evolution of music cognition

is conditional on a characterization of the basic mechanisms that make up musicality (we

will mention some candidates below).

Furthermore, it is important to separate between the biological (or genetic) and cognitive

(or functional) aspects that might contribute to musicality. While it is common to assume

that there is a mapping between specific genotypes and specific cognitive traits, more and

more studies show that genetically distantly related species can show similar cognitive

skills—skills that more genetically closely related species fail to show (De Waal, 2009). For

example, humans and birds seem to share their musicality up to a certain level, whereas

humans and chimpanzees do not (Fitch, 2009).

And finally, in support of the ‘‘music as cognition’’ hypothesis, there is ample research

available that suggests musicality to be largely of a cognitive nature (for a review, see

Trehub & Hannon, 2006). We could therefore expect to find explicit clues for the origins of

music in specific cognitive functions. Some of the candidates that are mentioned in the

recent literature are, for instance, relative pitch (Justus & Hutsler, 2005), tonal encoding of

pitch (Peretz & Coltheart, 2003), beat induction, and metrical encoding of rhythm (Honing,

Ladinig, Winkler, & Haden, 2009).
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4.2. Is music an adaptation?

At least three schools of thought can be identified in the scholarly search for an evolution-

ary role for music. Despite the criticism mentioned earlier, the first school remains intent to

show that music is indeed an adaptation (e.g., Levitin, 2006; Mithen, 2005) and aims to

develop strategies to empirically underpin the cognitive and biological role of musicality

(Fitch, 2009). In particular, there’s a lot of support for Darwin’s suggestion (Darwin, 1871)

that sexual selection must have played a role in the origin of music. Miller (2000) expands

on this idea in considering music as one of the many effective ways people use to try to

impress other members of their species.

But there are also alternative views, such as the one that considers music as beneficial

play (Honing, 2011a): It challenges our cognitive functions and promotes diversity, result-

ing in an evolutionary advantage. In this case, rather than being viewed as a product of natu-

ral selection, musicality is thought to be a trait resulting from exaptation, that is, without

special selection having taken place. Once this trait exists, it is further perfected by natural

or sexual selection and as such passed on to successive generations.

Another school believes music plays a secondary or indirect role in evolution, namely as

a means of strengthening the social cohesion of the group (Cross, 2007; Merker, 2000).

Here, music is seen as the ‘‘social glue’’ that keeps the group together, promotes coopera-

tion, and consequently strengthens the group feeling. As the ‘‘language of emotion,’’ music

is also thought to play a crucial role in the vitally important bonding between parent and

newborn (Dissanayake, 2008), and it is frequently associated with the musical language

(infant-directed speech) parents speak with their newborn babies (Honing, 2011b). In short,

music strengthens the social and emotional bonds within the group and is selected evolution-

arily as a result.

A third school views music as a ‘‘transformative invention’’: a skill or function that is

not adaptive, but that has had and continues to have a major impact on our biology and cul-

ture (Patel, 2010). The idea of ‘‘music as invention’’ can be compared with the irreversible

effect that making fire had on such things as our eating behavior and culture, as discussed in

Wrangham (2009).

However, the arguments brought forward in all three schools demand some refinement.

First of all, the strategy of having to show that music in all its forms and functions is an

adaptation is obviously unrealistic. Music easily covers a wide range of social, cultural, bio-

logical, and psychological factors that do not allow it to be reduced to one single explana-

tory source. Furthermore, as we argued in the previous section, the notion of music should

be replaced by musicality. As such, the question can be more precisely formulated: What

are the fundamental mechanisms defining musicality, and can a case be made that these

mechanisms (or cognitive functions) are a result of evolution?

Interestingly, while there are several aspects of musicality that emerge spontaneously,

early in life, and with minimal exposure to music, and as such suggesting heritability (cf.

Lewontin, 1998), none of them need to be specific to music (Trehub & Hannon, 2006). The

latter authors actually argued against the idea of musicality as a biological adaptation

(‘‘music as biology’’). However, from the perspective of ‘‘music as cognition’’ the
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challenge remains to identify those cognitive functions that can be shown to be fundamental

in developing musical behavior (Trainor, 2006).

4.3. An example: Beat induction

A concrete example of a basic cognitive mechanism that can be argued to be fundamental

to musicality is ‘‘beat induction.’’ It is a cognitive skill that allows us to hear a regular pulse

in music to which we can synchronize (hence it is also referred to as ‘‘beat perception and

synchronization’’ or BPS; Patel, 2008). Perceiving this regularity in music allows us to

dance and make music together, and it is therefore considered a fundamental cognitive

mechanism that might well have contributed to the origins of music (Honing, 2011a; Honing

et al., 2009).

Several authors consider beat perception to be acquired during the first year of life (e.g.,

Hannon & Trehub, 2005), suggesting that infants being rocked to music by their parents is

the most important factor in developing a sense for pulse. In contrast, recent empirical stud-

ies show that beat induction is already active in newborns and young infants (Winkler,

Háden, Ladinig, Sziller, & Honing, 2009; Zentner & Eerola, 2010). This can be taken as

support for beat induction as an innate bias, rather than as a result of learning.

In addition, it was recently suggested that we might share the cognitive skill of beat induc-

tion with a selected group of bird species (Fitch, 2009), and, somewhat surprisingly, not with

more closely related species such as nonhuman primates (Zarco, Merchant, Prado, & Mendez,

2009). This offers a rich basis for comparative studies of this specific cognitive function.

And lastly, beat induction seems to be limited to music and is inexistent in everyday lan-

guage (Patel, 2008, p. 404). It even appears that there are cases of ‘‘beat deafness’’ in people

that have normal language and normal music perception (Phillips-Silver et al., 2011). As

such, beat induction is unlikely to be simply a by-product of speech and language (Pinker,

1997).

4.4. Is music human-specific?

Yet another pitfall in music and evolution research is to contrast the cognition of humans

with that of other animals (cf. Fitch, 2009). While it is not uncommon to see certain cogni-

tive functions as typically human (such as language), it could well be that there are more

species than just humans that have the proper predispositions for music to emerge, species

that share with us one or more basic mechanisms that make up musicality. The mere fact

that music did not emerge in some species is no evidence that the trait of musicality is

absent. In that sense a ‘‘bottom-up perspective’’ (De Waal & Ferrari, 2010) that focuses on

the constituent capacities underlying a larger cognitive trait, in our case musicality, is a fea-

sible alternative strategy to follow. Instead of studying a complex cognitive trait (such as

intelligence), one explores the basic processes that make up that trait. And in the case at

hand: Instead of asking which species are musical, the question becomes, How does musi-

cality actually work? What are the necessary ingredients of musicality, and how did these

evolve?
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4.5. Is music modular?

A final issue worth mentioning is the search for modularity or domain-specificity of musi-

cality. Several authors have stressed this as an important criterion for an evolutionary expla-

nation of music (Honing et al., 2009; Justus & Hutsler, 2005; Peretz & Coltheart, 2003).

However, other authors suggested that the basic mechanisms that are involved in perceiving

and appreciating music tend to be essentially domain-general (Hannon & Trainor, 2007;

Patel, 2008). While musical skills might become more modularized during a lifetime, they

start out as a result of domain-general mechanisms. Or, as Karmiloff-Smith (1998) argued

more generally: All cognition might actually start general and gets automated and modular

over time. Hence, finding a set of neurally isolable processing components, each having the

potential to be specialized for music (Peretz & Coltheart, 2003), does not mean we are born

with such modularity.

Nevertheless, this pitfall could also be a prospect. Brains are great learners, in humans

and non-human animals alike. In that sense it is more informative when a certain behavior

develops spontaneously, without explicit learning, such as is clearly the case with human

infants’ predisposition for music (Trehub, 2003).

Lastly, it is important to note that a natural attraction to music seems to be crucial in

development, even more so than the capability of learning by itself. This natural motivation

to be engaged with music (e.g., infants preferring infant-directed song over infant-directed
speech; Trainor, Clark, Huntley, & Adams, 1997) could well be an important key to the

understanding of the origins of music.

To conclude: if musicality is modular in nature, this would be consistent with the hypoth-

esis that musicality is an adaptation. However, this does not imply that musicality is a modu-

lar structure present at birth—this may develop from a domain-general structure into a

modular structure by gradual modularization.

5. Prospects in studying the evolution of music cognition

Despite the pitfalls mentioned above, recently several authors have proposed alternative

ways to be able to study the evolution of cognition.

5.1. Alternative strategy

Most scientists agree on the fact that a theory can never be fully proved—it is always pos-

sible that evidence is found that disproves the theory (Popper, 1959). Hence, instead of try-

ing to fully prove a theory, one tries to build a nomological (or ‘‘lawful’’) network of

evidence around a candidate theory (Cronbach & Meehl, 1955). This network is based on

well-reasoned theories and is filled with the empirical evidence that is available. Evolution-

ary psychologists, more often than other psychologists, gather evidence from a wide variety

of sources to build a nomological network around their theories.
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Schmitt and Pilcher (2004) outlined such a nomological network with eight basic modes

of evidence that evolutionary psychologists use to support their theories. The center of the

network is a putative psychological adaptation, in our case ‘‘musicality.’’ Around this puta-

tive adaptation, first of all a theory has to be defined that explains why it is likely that the

adaptation arose in the first place. This theory can be based on theories borrowed from evo-

lutionary biology, cost-benefit analyzes, game theory simulations, and computer modeling.

For musicality, there are numerous candidates, including sexual selection (Darwin, 1871;

Miller, 2000), bonding between parent and child (Dissanayake, 2008), promoting mental

and social development (Cross, 2007), increasing social cohesion (Merker, 2000), a power-

ful human invention (Patel, 2010), or as beneficial play, challenging our cognitive functions

and promoting diversity (Honing, 2011a). All these theories motivate the role that evolution-

ary processes could have had on the origins of music.

Second, psychological evidence can be added to the network, for instance, data collected

by means of behavioral tests and surveys. In the case of music, there is overwhelming evi-

dence that human beings are musical in general and spontaneously develop musical behav-

ior (Trehub, 2003; Trehub & Hannon, 2006). In addition, there is ample evidence for the

cross-cultural use of music in mood regulation, what may have a long evolutionary history

(DeNora, 2001; Saarikallio & Erkkila, 2007; Seeger, 1987).

Third, medical evidence can be added, based on fertility and fecundity studies, physical

health and mortality studies, mental health and happiness studies, or studies on psychiatric

disorders. The work by Peretz and her team (Peretz et al., 2002) has been pioneering con-

cerning music. Stroke, traumatic brain damage, and congenital brain anomalies can lead to

selective disorders of music processing. In addition, autistic savants and epilepsy can reveal

the autonomous functioning and the selectivity, respectively, of the neural networks that are

essential to music. The existence of such special-purpose cortical processes suggests that

the (human) brain might be hardwired for music (Peretz, 2002).

Fourth, physiological evidence can be gathered based on neuroscientific studies. While

there is still some disagreement on the granularity of musicality as a module distinct from

those involved in language, most authors agree that there are at least some aspects of music

perception (such as beat induction) that are special and can be expected to have distinct neu-

ral correlates (Patel, 2008; Peretz & Coltheart, 2003). In addition, a rapidly growing litera-

ture indicates that newborn infants are extremely sensitive to a number of sound features

that are fundamental to music across cultures, supporting the idea of an innate bias to music

(Winkler et al., 2009). Associating these neural correlates to specific musical functions will

strengthen this component of the nomological network.

Fifth, genetic evidence can be added based on behavioral or molecular genetic studies.

While the literature on this topic is mainly concerned with the role of genetics in the devel-

opment of musicianship, a causal link has not been found (Coon & Carey, 1989). Neverthe-

less, there are a few studies suggesting at least an associative role between certain genes and

musical aptitude (Ukkola, Onkamo, Raijas, Karma, & Järvelä, 2009).

Sixth, phylogenetic evidence can be added based on animal research, comparative stud-

ies, paleontologic studies, or antropologic studies. This is (in part) the research program of

Hauser and Fitch, who both stress the importance of comparative research in studying the
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evolution of language and music (Fitch, 2006; Hauser & McDermott, 2003), research that

aims to identify the uniquely human aspects of the music faculty as well as the building

blocks that provided the foundation for its evolution (in a framework similar to that laid out

by Noam Chomsky for language).

Seventh, hunter–gatherer evidence can be added based on knowledge from cultural

anthropology and paleothological and ethnographic studies. While music cognition obvi-

ously does not fossilize, there are several pieces of evidence available on the remains of

early instruments, such as bone and ivory flutes dated older than 35,000 years (Conard, Ma-

lina, & Münzel, 2009), that could provide empirical support for this component. In addition,

the widespread use of music in still existing hunter-gatherer societies provides evidence for

the importance of music in premodern societies (e.g., Rouget, 2004).

Eighth, cross-cultural evidence can be added based on research on human universals and

ethnological comparisons. In the domain of music cognition several authors have stressed

this potential (Thompson & Balkwill, 2009), most notably by Huron (2009), who stressed

the importance (and urgency) of studying musical cultures yet not influenced by our

Western culture—a case of cultural diversity that might be as informative to the study of

music evolution as biodiversity is to biology.

To conclude, the eight modes of evidence (Schmitt & Pilcher, 2004) for the hypothesis

that musicality is an adaptation form together a consistent nomological network, providing a

strong indication that musicality is an adaptation.

6. Conclusion

We presented an alternative view in response to the position that we will never know the

evolution of cognition (Lewontin, 1998). While we sympathize with Lewontin’s critique on

a larger scale, that is, the apparent impossibility of studying the evolution of complex cogni-

tive processes such as intelligence, we argued that a bottom-up approach, in which one

looks for the basic mechanisms that combine into a complex cognitive trait—in our case

musicality—is an alternative and potentially fruitful way to proceed.

While it is virtually impossible to underpin the evolutionary role of musicality as a whole,

the apparent innateness, and the species and cognitive specificity of its hypothesized compo-

nents (e.g., beat induction and tonal encoding of pitch) make it an ideal starting point for a

research program aimed to tighten the nomological network of evidence around musical

behavior. In that way we will be able to strengthen the argument for musicality as a result of

evolution and put further constraints on existing evolutionary theories of music cognition.

Acknowledgments

This paper is part of the Research Priority Program ‘‘Brain & Cognition’’ at the Univer-

sity of Amsterdam. The first author (HH) is supported by an endowed Hendrik Muller chair

designated on behalf of the Royal Netherlands Academy of Arts and Sciences (KNAW).

H. Honing, A. Ploeger ⁄ Topics in Cognitive Science (2012) 9



References

Ashley, R., Hannon, E., Honing, H., Large, E., Palmer, C., & Hutchins, S. (2006). Music and cognition: What

cognitive science can learn from music cognition. Proceedings of the XXVIII Annual Conference of the Cog-
nitive Science Society, 2655. Mahwah, NJ: Lawrence Erlbaum Associates.

Barkow, J. H., Cosmides, L., & Tooby, J. (Eds.) (1992). The adapted mind: Evolutionary psychology and the
generation of culture. Oxford, England: Oxford University Press.

Bolhuis, J. J., & Wynne, C. D. L. (2009). Can evolution explain how minds work? Nature, 458, 832–833.

Buss, D. M., & Reeve, H. K. (2003). Evolutionary psychology and developmental dynamics: Comment on Lick-

liter and Honeycutt (2003). Psychological Bulletin, 129, 848–853.

Conard, N. J., Malina, M., & Münzel, S. C. (2009). New flutes document the earliest musical tradition in south-

western Germany. Nature, 460, 737–740.

Coon, H., & Carey, G. (1989). Genetic and environmental determinants of musical ability in twins. Behavior
Genetics, 19, 183–193.

Cosmides, L., & Tooby, J. (1992). Cognitive adaptations for social exchange. In J. Barkow, L. Cosmides, &

J. Tooby (Eds.), The adapted mind: Evolutionary psychology and the generation of culture (pp. 163–228).

New York: Oxford University Press.

Cronbach, L., & Meehl, P. (1955). Construct validity in psychological tests. Psychological Bulletin, 52, 281–

302.

Cross, I. (2007). Music and cognitive evolution. In R. I. M. Dunbar & L. Barrett (Eds.), Oxford handbook of evo-
lutionary psychology (pp. 649–667). Oxford, England: Oxford University Press.

Darwin, C. (1871). The descent of man, and selection in relation to sex. London: Murray.

Davies, P. S. (1996). Discovering the functional mesh: On the methods of evolutionary psychology. Minds and
Machines, 6, 559–585.

De Waal, F. B. M. (2009). Darwin’s last laugh. Nature, 460, 175.

De Waal, F. B. M., & Ferrari, P. F. (2010). Towards a bottom-up perspective on animal and human cognition.

Trends in Cognitive Sciences, 14, 201–207.

DeNora, T. (2001). Aesthetic agency and musical practice: New directions in the sociology of music and emo-

tion. In P. N. Juslin & J. A. Sloboda (Eds.), Music and emotion: Theory and research (pp. 71–104). Oxford,

England: Oxford University Press.

Dissanayake, E. (2008). If music is the food of love, what about survival and reproductive success? Musicae
Scientiae, 12(1 suppl.), 169–195 (special issue).

Fitch, W. T. (2006). The biology and evolution of music: A comparative perspective. Cognition, 100, 173–215.

Fitch, W. T. (2009). Biology of music: Another one bites the dust. Current Biology, 19, 403–404.

Gould, S. J., & Vrba, E. S. (1982). Exaptation: A missing term in the science of form. Paleobiology, 8, 4–15.

Hannon, E. E., & Trainor, L. J. (2007). Music acquisition: Effects of enculturation and formal training on devel-

opment. Trends in Cognitive Sciences, 11, 466–472.

Hannon, E. E., & Trehub, S. (2005). Metrical categories in infancy and adulthood. Psychological Science, 16,

48–55.

Hauser, M. D., & McDermott, J. H. (2003). The evolution of the music faculty: A comparative perspective.

Nature Neuroscience, 6, 663–668.

Honing, H. (2011a). Musical cognition. A science of listening. New Brunswick, NJ: Transaction Publishers.

Honing, H. (2011b). The illiterate listener. On music cognition, musicality, and methodology. Amsterdam:

Amsterdam University Press.

Honing, H., Ladinig, O., Winkler, I., & Haden, G. (2009). Is beat induction innate or learned? Probing emergent

meter perception in adults and newborns using event-related brain potentials (ERP). The Neurosciences and
Music III – Disorders and Plasticity: Annals of the New York Academy of Sciences, 1169, 93–96.

Huron, D. (2009). Why some ethnomusicologists don’t like music cognition: Finding common ground in the

study of musical minds. Proceedings of the European Society for the Cognitive Sciences of Music. Finland:

Jyväskylä.

10 H. Honing, A. Ploeger ⁄ Topics in Cognitive Science (2012)



Justus, T., & Hutsler, J. J. (2005). Fundamental issues in the evolutionary psychology of music: Assessing

innateness and domain-specificity. Music Perception, 23, 1–27.

Karmiloff-Smith, A. (1998). Development itself is the key to understanding developmental disorders. Trends in
Cognitive Sciences, 2, 389–398.

Kovas, Y., & Plomin, R. (2006). Generalist genes: Implications for the cognitive sciences. Trends in Cognitive
Sciences, 10, 198–203.

Levitin, D. J. (2006). This is your brain on music: The science of a human obsession. New York: Dutton Books.

Lewontin, R. C. (1998). The evolution of cognition: Questions we will never answer. In D. Scarborough &

S. Sternberg (Eds.), Methods, models, and conceptual issues: An invitation to cognitive science, Vol. 4

(pp. 107–132). Cambridge, MA: MIT Press.

McDermott, J. H., & Hauser, M. D. (2005). The origins of music: Innateness, uniqueness, and evolution. Music
Perception, 23, 29–59.

Merker, B. (2000). Synchronous chorusing and human origins. In N. L. Wallin, B. Merker, & S. Brown (Eds.),

The origins of music (pp. 315–327). Cambridge, MA: MIT Press.

Miller, G. F. (2000). Evolution of human music through sexual selection. In N. L. Wallin, B. Merker, &

S. Brown (Eds.), The origins of music (pp. 329–360). Cambridge, MA: MIT Press.

Mithen, S. J. (2005). The singing neanderthals: The origins of music, language, mind and body. London:

Weidenfeld & Nicolson.

Patel, A. D. (2008). Music, language, and the brain. Oxford, England: Oxford University Press.

Patel, A. D. (2010). Music, biological evolution, and the brain. In M. Bailar (Ed.), Emerging disciplines (pp. 91–

144). Houston, TX: Rice University Press.

Peretz, I. (2002). Brain specialization for music. The Neuroscientist, 8, 372–380.

Peretz, I., Ayotte, J., Zatorre, R. J., Mehler, J., Ahad, P., Penhune, V. B., & Jutras, B. (2002). Congenital amusia:

A disorder of fine-grained pitch discrimination. Neuron, 33, 185–191.

Peretz, I., & Coltheart, M. (2003). Modularity of music processing. Nature Neuroscience, 6, 688–691.
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