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The 1970s and 1980s saw the consolidation of three influential approaches 
to the perception of harmony and tonality: the psychoacoustical approach 
of Ernst Terhardt (1976), the music-theoretical approach of Fred Lerdahl 
(Lerdahl & Jackendoff, 1983 ), and the cognitive-empirical approach of 
Carol KTT 1mhansl (1990a) . Inevitably, each approach shed light on a signifi
cant subset of relevant issues, while neglecting or failing to account for oth
ers. Cross, West, and Howell (1991) have critically reviewed recent progress 
in the understanding of tonality. 1 They concluded that "the cognitive repre
sentation of tonality appears far more structured than purely psycho
acoustical accounts would seem to allow, somewhat differently structured 
from what might be implied by consideration of diatonic relations alone and 
yet somewhat more dynamic than seems implicit in the cognitive-structural
ist account" (p. 238) . The aim of the present article is to overview recent 
research both within and between these areas. 

David Huron has continued his research on the perception of harmony 
and counterpoint. In Huron (1991) he analyzed keyboard scores of J.S. 
Bach and demonstrated that, while in general favoring consonant intervals, 
Bach additionally avoids intervals that fuse (octaves, fifths) - consistent with 
an objective of maintaining the perceptual independence of voices, and sug
gesting that fusion and consonance are distinct perceptual attributes of 
sonorities. Huron and Sellmer (1992) investigated the relationship between 
critical bandwidth and the spacing of chords. Huron (in preparation) sum
marized the results of these and several other perceptual studies bearing on 
the conventions of voice leading in tonal music. 

An experimental study by Pritschet (1992) aimed to find concrete evi
dence for the psychological reality of the root of a chord - and failed. The 
author concluded that neither roughness nor pitch perception can account 
for the roots of chords as defined in music theory.2 In a similar vein, Platt 
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and Racine (1990) investigated the main pitch dass perceived in triads of 
pure tones, and found that only some musicians (and no nonmusicians at 
all) chose the music-theoretical root. 3 Thomson (1993) discussed the defini
tion and origin of harmonic roots, stressing the role of tonal context but 
nevertheless favoring the context-independent approach of Terhardt. 

Relationships perceived between successive sonorities were investigated 
by Tekman and Bharucha (1992). Sensitivity to mistuning in a chord was 
enhanced if the chord was preceded by another, harmonically related 
chord, for inter-onset intervals ranging from 50 to 2500 ms. In the light of 
earlier results, the authors conjectured that overlapping frequency spectra 
were probably not directly responsible for the priming effect.4 Chordal rela
tionships were also investigated and modeled by Parncutt ( 1993). 

The literature on tonality perception has been marked by open and 
sometimes bitter disagreement between the adherents of the approach of 
Carol Krumhansl (1990a, b) and her opponents led by David Butler (1990, 
1992) and Helen Brown (1992). Brown and Butler have continued to em
phasize the importance of temporal aspects of tonality, that is, the order in 
which the tones of a melody occur - an aspect that bad already been con
sidered at some length by Krumhansl and by Bharucha in earlier studies on 
asymmetrical relationships between successive tones and chords in tonal 
contexts. While their point is undoubtedly correct, they have not presented 
a testable algorithm capable of predicting the effect of the order of tones on 
the tonic of a melody. Butler and Brown have also repeatedly emphasized 
the importance of rare intervals in the diatonic set - especially the tritone 
(occurring only once in the major diatonic set). The intervallic rarity theory, 
however, has serious problems of its own: The harmonic minor set contains 
two tritones, and chromaticism is the rule rather than the exception in most 
tonal music of the "common practice" period. Even assuming a clear-cut 
distinction between diatonic and non-diatonic tones, "the rarity of the 
tritone may allow a listener to infer the entire diatonic collection from a lim
ited number of pitches; yet with regard to the location of a tonic scale-step, 
it has nothing to say" (Agmon, 1993, p. 76). 

Given that Western tonality is based on harmonic progressions, one 
might expect the tonality of a melody to be determined by the harmonic 
progression that it implies. However, no general model for the harmonic 
progression implied by a melody has yet emerged. Platt and Ra eine ( 1994) 
explored the conditions under which changes of harmony are perceived in 
simple and somewhat atypical melodies (tones from one triad followed by 
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tones from a different triad). Vos, Geenen and Gremmen (1994) devised an 
algorithm for the tonality of a melody in which melodic and harmonic as
pects are processed in parallel. 

Wolfgang Auhagen (1994), in a study not yet widely known in English 
speaking circles, made a quantum leap in the understanding of the tonality 
of melodies. On the basis of extensive new experimental data, he concluded 
that listeners determine the tonality of a melody by first orienting them
selves to specific, learned melodic patterns. His results suggest that the to
nality of a melody can only be predicted reliably on the basis of an individual 
listener's accumulated knowledge of melodic-tonal syntax; thus, both the 
cognitive-structural and interval-rarity approaches can only be valid in spe
cial cases. The problem reduces to one of understanding the historical evo
lution of tonal-harmonic syntax, an area in which Roland Eberlein ( 1994) 
has recently made considerable progress. 

Neural nets have had a decisive influence on many academic fields in re
cent years, and the perception of harmony and tonality is no exception. For 
example, Eberlein (1990) found the neural net to be the most promising 
model for the processing of complex sounds in speech and music, able to 
account for a wide range of experimental data related to the perception of 
musical sonorities. Jamshed Bharucha (1992) described how neural nets can 
explain many aspects of the learning and subsequent perception of har
monic patterns, determining the roots of chords and the tonality of chord 
progressions; note, however, that Bharucha's model (with individual nodes 
corresponding to specific tones, chords and keys specified relative to the 
chromatic scale) is vastly oversimplified with respect to the complexity of 
neurophysiological reality. Neural net models can also reliably predict the 
pitch of individual complex tones (Bharucha, 1992; Laden, 1994; Laden & 
Keefe, 1991). Neural net accounts of music perception drawing on 
Kohonen feature maps were developed by Griffith ( 1993) and Leman 
( 1990). Leman ( 1994, 1995) presented a schema-based approach incorpo
rating a physiological model of the peripheral auditory system that can ac
count for pitch perception (cf. Meddis & Hewitt, 1991), data-driven learn
ing, and schema-based perception (including location of tonal centers). The 
model is potentially capable of extracting the harmonic functionality of 
chords from the audio signal of a harmonic progression. 

Bharucha (1994) extended the neural net approach to questions of musi
cal expectation and aesthetics. Melodie expectation in tonal contexts was 
also the subject of studies by Povel (1994) and Larson (1994). In Povel's 
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study, listeners heard a I-IV-V7 -I cadence followed by a single test tone, and 
sang the tone that they expected would follow. Some subjects focused on 
the tonal context, resolving a test tone to the nearest tone of the tonic triad, 
while others tended to ignore context altogether, singing a tone that was a 
fifth lower or a fourth higher than the test tone. Larson modeled the results 
of similar experiments by a computer algorithm that assumes the existence 
of three basic musical "forces": musical gravity (unstable tones tend to de
scend), musical magnetism (unstable tones tend to move to the nearest sta
ble pitch) and music inertia (tones tend to continue in the same fashion, as 
in the Gestalt law of good continuation). Larson's algorithm invokes an 
analogy with classical mechanics as strong as that assumed by Todd (1995) 
to determine timing and dynamics in musical performance. 

Numerous studies have addressed hypotheses formulated by Lerdahl and 
J ackendoff (1983). Bigand ( 1990) confirmed procedures for the abstraction 
of reduced and prolongational structures in a specific set of melodies; and 
Bigand (1993a) investigated factors underlying musical tension-relaxation 
schemas. Bigand, Parncutt, and Lerdahl (1996) pitted Lerdahl's, Krum
hansl's, and Parncutt's theories against each other in an analysis of tension 
ratings of chords in short tonal contexts. An overview of psychological re
search related to tonal and event hierarchies, segmentation, and musical 
tension was provided by Bigand (19936). Dibben (1994) demonstrated the 
psychological reality of Lerdahl-Jackendoff style reductions in tonal music 
(keyboard music by Handel and Brahms) but was unable to do so for atonal 
music (piano music by Schoenberg), raising the question of the nature of 
prolongation in atonal music - a question that had been addressed in more 
detail by Lerdahl (1989). London (1994) questioned Lerdahl and 
Jackendoff's "strong reduction hypothesis", replacing it by a "weak reduc
tion hypothesis" that allows for considerable ambiguity and uncertainty in 
the structural description of musical events. 

Järvinen (1993) replicated Krumhansl and Kessler's (1982) key profiles 
by analyzing frequency-of-occurrence distributions of pitches in jazz im
provisations. Profiles were also obtained for melody tones played against in
dividual chords.5 West and Fryer (1990) obtained Krumhansl-style profiles 
even when the tones in a melody were presented in random order. Thus, 
contributions to tone profiles from frequency-of-occurrence distributions 
may be separable from the effect of temporal order. Lamont and Cross 
(1994) applied a similar paradigm to children aged 6 to 11 years; their results 
suggest that children first learn diatonic scalar patterns that are largely inde-
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pendent of serial order, and then gradually internalize hierarchies of tonal 
stability among scale members that are increasingly dependent on order . 

Annabel Cohen's (1991) finding that musicians can recognize the tonic of 
a Bach Prelude within the first four notes seemed to conflict with intuitions 
regarding musical form. lt would appear that several measures of music are 
needed to establish a key - consider, for example, the typical length of the 
first subject of a sonata movement. If no key has been established, then it 
would be more correct to say that Cohen's listeners recognized a triad, and 
then assumed that the triad was the tonic (which, of course, is not always the 
case).6 

Thompson and Cuddy (1992) studied the perception of interkey distance 
in Bach Chorale excerpts, and in individual voices extracted from those ex
cerpts. Results for individual voices differed from results for four-part tex
tures. The authors '  earlier finding that sharp-side keys were perceived as 
more closely related to the tonic than flat-side keys was replicated for har
monic progressions, but not for single voices.7 In a related study, Thompson 
(1993) advanced a partially hierarchical model of melody, harmony, and key 
structure in which the contributions of melody and harmony to key need 
not necessarily be congruent, and in which each layer gives rise to partially 
independent expectations regarding the future course of the music (see also 
Povel & Egmond, 1993). 

The perception of closure or finality in musical cadences has received 
considerable recent attention. Rosner and Narmour (1992) asked non-musi
cians to rate the finality of various textbook cadences in different voicings; 
they found a strong effect of root progression (notably, V-l was consistently 
rated more final than lV-l), while other factors (soprano position, inversion, 
common-toneness) played a subsidiary role. Voicing played a more promi
nent role in the experiments of Eberlein and Fricke (1992) - largely because 
their experimental stimuli included progressions that diverged considerably 
from textbook norms of "good" voice leading. Eberlein and Fricke's experi
mental stimuli also included cadences from the Middle Ages and Renais
sance. Their experimental data suggested that the perception of cadential 
closure depends primarily on familiarity with existing music. lt follows that 
an understanding of the historical emergence and development of tonal
harmonic syntax is an important prerequisite for an understanding of ca
dential closure. 

The musical advantages and disadvantages of a cognitive approach to 
harmony and tonality were discussed by Eytan Agmon (1990) and Nicholas 
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Cook (1994). Agmon stressed the importance of a clear distinction in music
perceptual discourse between physical, perceptual, and cognitive domains, 
corresponding to the three worlds of Popper and Eccles ( 1977). He pointed 
out that enharmonic equivalence, for example, belongs to the Popper's 
third world, and so cannot be explained in physical or perceptual terms.8 

Agmon also distinguished between theories that attempt to describe psy
chological reality ("what" theories) from those that describe the processes 
by which that reality may be constructed on the basis of some external 
stimulus ("how" theories), claiming that one generally cannot answer the 
question "how" before first answering the question "what". Cook (1994) 
provocatively questioned the validity of psychological experimentation for 
music theory, referring to examples from a range of contemporary sources 
including Lerdahl and Krumhansl. Like Agmon, Cook also argued for a 
kind of conceptual separation: "music psychology loses the ability to pose 
fundamental questions through too ready an acceptance of music-theoretic 
concepts and categories . . .  and conversely, music theory risks losing its iden
tity in a welter of incompatible claims regarding both procedures and objec
tives" (p. 92) .  

An encouraging trend in recent research on the perception of harmony 
and tonality has been an increasing willingness on the part of both musi
cians and scientists to engage in cross-disciplinary collaboration, in spite of 
the intellectual isolationism, or simply resistance to change, that remains 
prevalent in certain quarters. lt remains to be seen whether the diversity of 
the current theories will eventually crystallize into a coherent, unified pic
ture worthy of complementing or superseding the music-theoretical edifices 
of Rameau, Riemann, Schenker. 

Summary 

Recent research on the perception of harmony and tonality has tended ei
ther to consolidate and expand on established approaches such as those of 
Krumhansl, Lerdahl, and Terhardt, or to add smaller but nevertheless inter
esting and important details to an increasingly complex picture. Issues of 
interest have included the perception of consonance and of counterpoint 
(Huron) ; harmonic roots (Platt, Pritschet, Thomson) ; relationships be
tween successive chords (Tekman, Parncutt) and keys (Thompson) ; the to
nality of melodies (Auhagen, Brown, Butler, Cohen, Krumhansl, Vos) ; the 
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finality of cadences (Rosner) and its dependence on the history of tonal-har
monic syntax (Eberlein); neural-net models of pitch and harmony (Bharu
cha, Eberlein, Griffith, Laden, Leman); melodic expectation following har
monic cadences (Larson, Povel); the psychological reality of Lerdahl's cog
nitive structures in music perception (Bigand, Dibben, London); and 
Krumhansl's key profiles in jazz improvisation (Järvinen), in the minds of 
children (Lamont), and in the absence of serial order information (West). 
The creative application of psychological methods and approaches to music 
theory, and vice-versa, continues to invite careful discussion, and to arouse 
controversy (Agmon, Cook, Cross). 

Footnotes 

The summary of my own work by Cross et al. ( 1 99 1 ,  p. 208) is unfortunately somewhat unclear 
and misleading. For example, they confuse the terms pitch category (applied in Parncutt, 1989 to 
any degree of the chromatic scale in any register) and pitch dass (used in Parncutt, 1988 in its 
regular music-theoretical sense as an octave-generalized chromatic pitch) .  

2 Pritchet overlooked two convincing experimental verifications of the psychological existence of 
the root. The first was the tone profile experiment of Krumhansl and Kessler ( 1 982) following in
dividual major and minor triads constructed from octave-complex tones (replicated by Parncutt, 
1993 for a wider range of chords) .  In each case, the peak of the resultant 12-element profile corre
sponded to the root. A second verification, using voiced (non-octave-generalized) chords , was de
scribed in Parncutt ( 1989, section 5 .3 ) .  

3 According to  the pitch model of Terhardt, Stoll, and Seewann ( 1982) ,  the spectral pitches corre
sponding to the individual pure tones in the sonorities of Platt and Racine ( 1990) were much more 
salient than the virtual pitches corresponding to the triads' music-theoretical roots. (The predicted 
salience of the root pitches would have been greater had the chords been constructed from com
plex rather than pure tones . )  In that light, Platt and Racine were incorrect to consider their experi
ment as a test of the theory of virtual pitch; in the end, they correctly attributed their data primarily 
to musical conditioning. 

4 This may be regarded as an example of pitch commonality (Parncutt, 1989) .  The priming chord 
creates a tonal reference frame (salience versus pitch of each tone sensation within the chord) ,  and 
the test chord is perceived relative to that frame. 

5 Järvinen's chord profi!es resemble linear combinations of the chord profi!es in isolation (cf. 
Parncutt, 1988) and key profiles. 

6 A comparison of the key profiles of Krumhansl and Kessler ( 1982) and the pitch-class salience 
profiles of Parncutt ( 1988) ,  tested experimentally by Parncutt ( 1993 ), suggests that the process of 
key recognition is not necessarily fundamentally different from the recognition of a triad: The cor
relation coefficient between tone profile of a key and the pitch-class salience profile of its tonic 
triad exceeds 0.9 in both major and minor. 

7 A possible explanation is that, in harmonic progressions ,  flats relative to a prevailing key are more 
salient than sharps (Parncutt, 1989) .  Flats tend to lie at major-third intervals below diatonic scale
steps, whereas sharps lie at major-third intervals above diatonic scale steps. The lower tone of a 
major-third interval is more likely to function as the root of a chord, and so is more perceptually 
salient. This effect is based on Terhardt's theory of virtual pitch, so only applies to tones sounding 
within sonorities - not to isolated melodic lines .  

8 I have doubts about Agmon's description of  enharmonic equivalence as  " cognitive" .  lt may be 
argued that enharmonic equivalence i s  a byproduct of  notating chromatically-based music in  a 
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diatonically-based system - a kind of notational artifact. Enharmonic equivalence may only 
becognitively relevant to musicians who are familiar with the score of the music under considera-
tion. 
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