
Music, Philosophy, and Cognitive Science 

Diana Raffman 

 

Philosophers of music (and also music theorists) have recognized for a long time that research in 

the sciences, especially psychology, might have import for their own work.  (Langer 1941 and 

Meyer 1956 are good examples.)  However, while scientists had been interested in music as a 

subject of research (e.g., Helmholtz 1912, Seashore 1938), the discipline known as psychology of 

music, or more broadly cognitive science of music, came into its own only around 1980 with the 

publication of several landmark works.  Among the most important of these were The Psychol-

ogy of Music (1980), a collection of papers edited by the psychologist Diana Deutsch, and A 

Generative Theory of Tonal Music (1983) by music theorist and composer Fred Lerdahl and lin-

guist Ray Jackendoff.  These works and others made possible the first attempts to apply scientific 

research to philosophical issues concerning music (e.g., Raffman 1993, DeBellis 1995).   

Since the 1980’s, of course, a great deal of research has been done in cognitive science, 

philosophy, and music.  For philosophers, there are perhaps three topics with respect to which 

findings in the cognitive sciences are most likely to be germane—the nature of musical under-

standing, the role of emotions or feelings in music, and the evaluation of musical works. This 

brief overview will describe some of the scientific research that has been done on these topics, 

and then indicate how it might be philosophically significant. 

 

SCIENTIFIC RESEARCH 

In his 1976 Norton Lectures at Harvard, Leonard Bernstein had floated, but not developed, the 

idea that tonal music might have a grammar analogous to the generative grammar that Chomsky 
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(1965) had proposed for natural language.  Lerdahl and Jackendoff (1983) developed Bernstein’s 

proposal into a detailed set of analytical rules, viz., a grammar, designed to capture an experi-

enced listener’s unconscious mental representation of a musical stimulus.  (An experienced lis-

tener is familiar with a given idiom, here “classical” tonal music, but has no formal training.)  

The musical grammar contained metrical and grouping rules governing rhythmic structure, and 

higher-level time-span and prologonational rules governing certain interactions between rhythm 

and pitch.  Lerdahl and Jackendoff hypothesized that conscious musical experience, character-

ized by feelings of tension, resolution, stability, and the like, was the result of unconsciously ana-

lyzing a musical stimulus—recovering its structure—according to these grammatical rules, much 

as a speaker-hearer’s conscious understanding of a sentence was supposed to be the result of un-

consciously analyzing a linguistic stimulus according to the rules of the linguistic grammar.  In 

fact, Lerdahl and Jackendoff conceive of conscious musical experience as the listener’s under-

standing of a piece of music.  In a subsequent book, Tonal Pitch Space Theory (2001), Lerdahl 

has expanded upon the pitch component of the musical grammar.  Here he proposes that the 

events of a tonal work are heard (understood) as traversing a path through a multidimensional 

space defined by the relative distances among pitches, chords, and keys.   

 In designing their musical grammar, Lerdahl and Jackendoff naturally employed the inves-

tigative methods of music theory and linguistics; in particular, they took musical and linguistic 

intuitions as their evidence.  But the idea of a significant link between music and language has 

also received support from research in psychology and neuroscience.  For example, it appears 

that melodic contexts can influence the perception of speech (e.g., Koelsch et al. 2005, Dilley 

and McCauley 2008), and harmonic contexts can influence phoneme monitoring (Bigand et al., 

2001).  Shared structures have been observed in speech prosody and musical melody and rhythm 
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(Patel 2008); and ERP (evoked response potential) measures of neural activity reveal that in 

tasks involving both musical and linguistic syntactic integration, interference occurs between the 

two processes (Patel et al., 1998).  (The same kind of interference shows up in behavior as well; 

see e.g. Fedorenko et al. 2009.)  Musical training appears to facilitate second language learning 

(Slevc and Miyake 2006); and fMRI (functional magnetic resonance imaging) studies indicate 

that some musical and linguistic processes activate the same areas of the brain (Tillman et al., 

2006).  In an overview of the biology and evolution of music, Fitch (2006) concludes that vari-

ous “design features” of music and language suggest an overlap of the two domains.  (See Levi-

tan 2006 and Patel 2008, 2009 for sustained defense of this idea.) 

 Another driving innovation in the cognitive science of music was the introduction, by psy-

chologists Carol Krumhansl and Roger Shepard (1979), of the probe tone test of experienced lis-

teners’ mental representations of tonal pitch structure.  In contrast to Lerdahl and Jackendoff, 

Krumhansl and Shepard were interested in the experienced listener’s standing knowledge (men-

tal representation) of tonal pitch structure, rather than in the understanding of particular pieces.  

(Presumably some standing or “static” knowledge of tonal pitch structure is mobilized in the un-

derstanding of any particular piece.)  They wanted to find out whether the pitch relationships 

postulated by music theory—the circle of fifths, the system of major and minor triads, scales, and 

keys, etc.—are psychologically real.  In each trial in a probe-tone task, the listener hears a brief 

musical passage, then a short silence, and then one of the twelve chromatic pitches (the probe 

tone).  The listener’s task is to rate how well the probe tone “fits” with the context of the preced-

ing musical passage.  This process is typically repeated for each of the twelve chromatic pitches, 

the idea being that the probe tones allow the researcher to probe the musical representations in 

the listener’s mind at a given moment.  The ratings that emerged from Krumhansl and Shepard’s 
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tests indicated that experienced listeners possess complex hierarchical representations of tonal 

pitch structure—indeed a good deal of the fundamental pitch structures recognized by music 

theorists.  This knowledge is what enables listeners to recognize wrong notes in a performance 

and to produce (sing) the final pitch in an unfamiliar melody when the preceding notes are pro-

vided, among other things.   

 A further significant line of scientific research grew out of the work of music theorist Leo-

nard Meyer (1956), often credited as the first theorist to take account of psychological research.  

(Meyer was himself influenced by the philosopher Susanne Langer [1941].)  Meyer argued that 

understanding a piece of music involves having certain “undifferentiated feelings” of tension and 

release in response to it (1956, 18).  General features of human perceptual psychology (e.g., Ge-

stalt principles of grouping and continuation), together with our knowledge of tonal structure and 

musical style, engender certain (musical) expectations in us when we listen to music.  When our 

expectations are either violated or fulfilled, we experience a feeling of tension or release, respec-

tively.   

Meyer’s views were later formalized by Narmour (1990) and also developed into psycho-

logical theories of musical expectancy.  For example, Bharucha and Stoeckig (1986) had subjects 

perform a series of priming tasks that revealed their harmonic expectancies.  On each trial the 

subject heard a musical passage in a given key.  The passage was followed by a single target 

chord, and the subject’s task was to say whether the target chord was in-tune or out-of-tune.  It 

emerged that subjects were faster in their responses when the target chord was harmonically re-

lated to the key of the initial passage, and so was expected, than when it was unrelated.  The 

same result was obtained when the task was to classify the target as major or minor, or to iden-

tify its timbre.  (Bharucha [e.g., 1987] is one of few researchers who have reformulated their 
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theories of tonal pitch cognition within the framework of parallel distributed processing or con-

nectionism.)  More recently David Huron (2006) has proposed an elaborate five-stage theory of 

expectation which he applies to music perception.  Echoing Meyer, Huron argues that the ful-

fillment and violation of musical expectations evoke emotional responses in the listener.   

Much of the research described above is grounded in the idea that as we are exposed to 

performances of tonal music, we abstract or “infer” from those stimuli the basic structures postu-

lated by music theorists.  However, in recent years there has emerged a competing, radically em-

piricist conception of the learning of tonal pitch structure.  According to some statistical learning 

models (e.g., Krumhansl 1990, Huron 2006), our acquisition of knowledge (representations) of 

tonal pitch structure depends upon merely statistical, rather than structural, properties of the 

pitch-time events in a musical stimulus.  In a review of Krumhansl 1990, Huron writes: 

[T]he tonal hierarchy correlates well with the distribution of [pitches] for musical 
passages; play a pitch often enough, and the tonic will tend to drift towards that 
pitch. The correlation between the tonal hierarchy and probabilities of various 
pitches within tonal music are consistently high (average r=0.88).  Krumhansl ex-
ploits this fact to develop a remarkably successful yet simple key-finding algo-
rithm. Third, by cross-correlating the distributions for different keys it is possible 
to generate a spatial representation of interkey distances…[When] Krumhansl ap-
plies multi-dimensional scaling to her response data[,] the "circle of fifths" pops 
right out -- showing that this theoretical construct is not simply a fanciful abstrac-
tion, but bears real cognitive import. 

 
Unsurprisingly, the idea that learning of pitch structure is statistically based is controversial.  Of 

course the tonic is the pitch occurring most often in a tonal work, critics object, because the work 

is composed by a mind that represents the tonic as the most important pitch.  This doesn’t ex-

plain how listeners recover the pitch structure of the work: listeners would “find” the tonic even 

if the tonic was not the most frequent pitch, indeed even if the tonic did not occur at all.  (One 

could certainly write such a piece.)  Jones points out that “adults rely heavily on rhythmic prop-

erties to differentiate melodies; they have difficulty identifying a learned melodic sequence if its 
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original rhythm changes, even when temporal segmentations and statistical pitch properties are 

unchanged” (2009, in press).  Indeed, if recovery of pitch structure is statistical, then we ought to 

be able to recover the structure of any arbitrary pitch system, simply in virtue of the fact that dif-

ferent pitches occur in it with different frequencies; but there is considerable evidence that we 

cannot recover 12-tone pitch structure (Gibson 1995, Krumhansl 1990), just for example.   

 However acquisition works, the idea that tonal pitch structure is psychologically real 

stands on firm ground.  Recent fMRI experiments provide additional confirmation.  In their 2002 

paper in Nature, Janata et al. report the discovery of activation patterns in the cortex correspond-

ing to the relationships among tonal keys.  They write:  

Western tonal music relies on a formal geometric structure that determines dis-
tance relationships within a harmonic or tonal space.  In functional magnetic 
resonance imaging experiments, we identified an area in rostromedial prefrontal 
cortex that tracks activation in tonal space.  Different voxels [viz., 3-dimensional 
pixels—DR] in this area exhibited selectivity for different keys.  Within the same 
set of consistently activated voxels, the topography of tonal selectivity rearranged 
itself across scanning sessions.  The tonality structure was thus maintained as a 
dynamic topography in a cortical area known to be at a nexus of cognitive, affec-
tive, and mnemonic processing (2167)….[W]hat changed between sessions was 
not the tonality-tracking behavior of these brain areas but rather the region of to-
nal space (keys) to which they were sensitive.  This type of relative representation 
provides a mechanism by which pieces of music can be transposed from key to 
key, yet retain their internal pitch relationships and tonal coherence (2169). 

 
What Janata and colleagues found is that each key (C Major, c minor, D Major, etc.) activates a 

unique assembly of neurons in the frontal cortex in a given hearing.  On another occasion (hear-

ing the same music or different music), that assembly may be activated by a different key, but 

the relationships among the keys are preserved.  (See also Brattico et al. 2006 for relevant find-

ings.)   

 Of particular interest to philosophers of music will be the scientific studies of music and 

emotion.  (See Juslin and Sloboda 2001 for a good overview.)  I have already mentioned Meyer’s 
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and Langer’s important work on musical feelings; psychologists have taken their views as a point 

of departure.  Like philosophers of music, psychologists of music disagree as to whether musical 

emotions are (1) ordinary emotions like sadness, happiness, and fear, or (2) some sort of thin 

versions of ordinary emotions, or (3) feelings special to music or to aesthetic experience gener-

ally, or (4) more like moods.  Obviously there are some non-trivial differences between musical 

and ordinary emotions, for example with respect to their antecedent causes and behavioral con-

sequences; and musical feelings don’t seem to involve any cognitive appraisal, which is required 

by some theories of (non-musical) emotion.  An experiment by Zentner, Meylan, and Scherer 

(2000) suggests that the frequency of some emotions differs as between musical and “ordinary” 

contexts.  For example, their subjects’ (experimental) diaries reflected that nostalgia, awe, and 

enchantment occurred more often in musical than in ordinary contexts, while the situation was 

reversed for anger and fear.  Also, physiological concomitants of musical emotions coincide only 

partially with those of ordinary non-musical emotions (Krumhansl 1997).     

Until fairly recently most psychological research on musical emotion investigated the 

“perception” of emotion in, or the expression of emotion by, a musical work, as opposed to the 

“induction” or evocation of emotion in the listener (e.g., Wedin 1972).  (For a helpful overview, 

see Gabrielsson and Juslin 2002).  In general, happiness and sadness, which are strongly associ-

ated with tempo and mode (major vs. minor), are the emotions most consistently said to be ex-

pressed by music.  Relatively louder music is heard as being relatively more animated, 

triumphant, and activated, but can also be heard as tense or angry, while relatively softer music 

sounds more tranquil or melancholy.  This bias toward the study of perceived emotion may be 

explained in part by the fact, noted by philosophers (e.g., Kivy 2001, 147), that perceived emo-

tions often occur in the absence of felt emotions, i.e., listeners often attribute an emotion to a 
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piece of music without themselves feeling that emotion; but not, in general, vice versa (Hunter 

and Schellenberg 2009, in press).  Whatever the explanation, psychologists are now devoting 

more attention to induced musical emotions.  Zentner et al. (2000) found that instructing subjects 

to rate emotions induced by musical stimuli, rather than emotions expressed by those stimuli, 

produced very different results.  Other studies indicate that induced and perceived emotions are 

correlated (i.e., same music, same emotion whether induced or perceived), but perceived emo-

tions were rated as being stronger than induced or felt emotions (e.g., Evans and Schubert 2008).   

Perhaps the most interesting question about music and emotion concerns the relationship 

between musical feelings (perceived or induced) and specific musical structures.  For example, 

Sloboda (1991) found that tears accompanied harmonic descent through the cycle of fifths to the 

tonic; shivers or chills accompanied enharmonic changes, new harmonies, and sudden changes in 

loudness; and racing pulse went along with repeated syncopation and earlier-than-expected oc-

currences of important pitch-time events.  In a study focusing on listener’s physiological re-

sponses, Krumhansl (1997) had subjects listen to three kinds of musical excerpts: sad (i.e., 

sadness-expressing) ones, characterized by inter alia slow tempos, minor keys, and relatively 

constant dynamics; scary ones, characterized by faster and more irregular tempos and dynamic 

levels; and happy ones, characterized by relatively fast tempos, major keys, and fairly constant 

dynamics.  (Classification of the excerpts as sad, scary, or happy was confirmed by uniform and 

consistent judgments of the subjects.)  It turned out that listening to the sad excerpts was associ-

ated with felt sadness and also with (inter alia) decreased pulse rates and increased blood pres-

sure; listening to scary excerpts was associated with felt fear and also with increased breathing 

rates and decreased finger temperature; and listening to the happy excerpts was associated with 
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felt happiness and also with decreased respiration depth (“shallower” breathing).  Krumhansl 

writes:   

These results suggest that musical emotions are reflected in psychophysiological 
measures…These psychophysiological changes are behavioural indicators that lis-
teners experience emotions when listening to music.  Not only do listeners ver-
bally report emotional responses to music with considerable consistency, music 
also produces physiological changes that correspond with the type of musical 
emotion (350-351). 

 
In related research, listeners have been shown generally to prefer musical consonance to disso-

nance and happy-sounding music to sad-sounding; however, the appeal of sad-sounding music 

increases when listeners feel tired or sad (Hunter and Schellenberg 2008).  This last finding may 

help to explain why listeners often enjoy listening to sad music—otherwise a puzzle for the view 

that music induces emotions.   

 The experiments described above are only a tiny sample.  Virtually nothing has been said 

here about the scientific research on musical performance, composition, or improvisation, on the 

role of rhythm, meter, and timbre in music perception, or on musical deficits like amusia, to 

name a few; and aspects of all of these may be relevant to philosophy.  (Jones [ed.] 2009 [in 

press], Hallam et al. [eds.] 2009, and Peretz and Zatorre [eds.] 2003 provide excellent surveys of 

the scientific literature.)  That said, let us now look briefly at some philosophical implications. 

 

SOME PHILOSOPHICAL IMPLICATIONS 

(i) Musical Understanding.  Philosophers have advanced a variety of views about the na-

ture of musical understanding: e.g., that it consists in feeling certain emotions (Davies 1994), or 

in imagining that we are feeling certain emotions (Walton 1990), or in recognizing the musical 

expression of certain emotions (Kivy 2001).  And while any of these accounts may be partly cor-

rect, the apparent psychological reality of detailed tonal structure and its importance in determin-
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ing the character of music perception suggest that grasp of tonal structure must play a central 

role.  (As we saw, Lerdahl and Jackendoff define musical understanding in terms of the recovery 

of musical structure.)   

In particular, research in music cognition lends support to the idea that understanding a 

piece of music involves the representation of movement through a tonal space (e.g., Lerdahl 

2001).  Philosophers have argued over whether talk of movement in a space is metaphorical 

when applied to music, and if so, whether the metaphor can be replaced by purely musical termi-

nology (e.g., Budd 1985, Scruton 1997, Kania 2007).  Budd is surely right that the spatial termi-

nology can be replaced, but this doesn’t mean that musical movement is wholly non-spatial.  The 

scientists’ thought is that the tonal pitch relationships in a musical work are isomorphic to, and 

hence can be theoretically modeled and psychologically represented as, certain spatial relation-

ships.  There is no obvious reason why such a representation must be metaphorical.  At the very 

least, there is no obvious reason why talk of musical movement must be metaphorical.  For one 

thing, surely there is a perfectly literal sense of the word ‘move’ in which it means something 

like ‘develop’ or ‘proceed’ or ‘progress’ or ‘grow’.  It is hardly coincidental that music theorists 

use the term ‘progressions’ to refer to transitions among harmonies, or that they characterize fast 

(slow) changes of harmony as fast (slow) harmonic motion.  For another thing, musical motion 

may be a kind of apparent motion, rather like the apparent motion we experience when looking 

at a row of lights that flash serially in quick succession.  Nothing moves; rather, it appears as if 

something (a light?) moves.   

 The observed commonalities between musical and linguistic structure, processes, and neu-

ral mechanisms suggest that the understanding of music is also importantly analogous to the un-

derstanding of language.  One possible view is that, in music as in language, understanding is the 
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result of grammar-driven operations defined over acoustic stimuli; in other words, understanding 

consists in the grasp of musical or linguistic structure.  In the musical case, that grasp of structure 

is consciously experienced as certain specifically musical feelings of tension, stability, resolu-

tion, and so forth.  The idea that having an ordinary emotion or mood, even weak versions of 

them, could constitute musical understanding suffers from the fact that however closely such 

emotions are correlated with musical events, or even caused by musical events, they don’t pos-

sess the requisite normativity.  In most cases it is hard to see what could justify claiming that a 

listener (a fortiori a performer or composer) has made a mistake, has misunderstood the music in 

virtue of feeling or failing to feel a certain mood or emotion in response to it, or in virtue of hear-

ing or failing to hear a certain musical passage as expressing a certain emotion.  In contrast, mu-

sical feelings of tension and stability and the rest, which result from the recovery of tonal 

structure, do possess the requisite normativity.  If a listener hears an authentic cadence or a 4-3 

suspension as increasing in tension or instability, a fortiori if she identifies an authentic cadence 

as (e.g.) a deceptive one, she is mistaken.  An authentic cadence just is, in part, a progression 

from instability to stability (see Raffman 1993, 37-56, for elaboration). 

(ii) Music and Emotion.  According to the so-called cognitivist view of musical emotion, 

endorsed notably by Peter Kivy (1990), listeners recognize the expression of emotions by musi-

cal works but do not typically feel those emotions themselves; in the scientific terminology used 

above, musical emotions are perceived but not induced or felt.  In support of this view, Kivy 

claims that “there are no behavioral symptoms of listeners actually experiencing [emotions] 

when attending to music” (1990, 151).  The psychological, physiological, and neuroscientific 

research described above suggests otherwise.  Listeners are able to make uniform and consistent 

reports (verbal behaviors) of the emotions they experience in listening to music; they undergo 
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uniform and consistent physiological changes while listening to music; and fMRI studies suggest 

that the mental representation of tonal pitch structure is underwritten by parts of the cortex that 

are implicated in affective experience. 

(iii) Evaluation of music.  No doubt the psychological findings concerning our prefer-

ences for consonance over dissonance and for happy music over sad, etc., may have implications 

for the evaluation of musical works.  Also, generally speaking, the artistic merit of a work must 

depend at least in part upon its comprehensibility: it is difficult to see how a (humanly) incom-

prehensible work could be a great work.  The latter point raises a question about the evaluation 

of atonal, specifically 12-tone or serial, pieces of music.  As indicated above, research on pitch 

perception has revealed that even expert listeners are probably not able to recover serial pitch 

structures to any significant extent.  Lerdahl (1988) has suggested that serial pitch structure, 

which is not hierarchical, does not provide a good “ecological fit” with human perceptual and 

cognitive systems, and so is difficult or even impossible for us to recover (understand) aurally.  

Consequently, if musical understanding essentially involves grasp of the structure of a work, a 

question may arise about the artistic merit of 12-tone pieces (Cavell 1967, Taruskin 1996, Ty-

mozcko 2000, Raffman 2003, Levitan 2006).   
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