CHAPTER 6

F term tonal music can be applied to a
l large variety of musical styles in the West.
This includes that of the four periods
(Baroque, Classical, Romantic, and Modern)
into which Western art-music is commonly
divided, as well as other musical styles from
popular traditions such as jazz, rock-pop music,
reggae, and salsa. Pieces from these musical
styles sound so different that it can be difficult
to realize that they share some of the same fea-
tures. The most basic is that they rest on a single
set of 12 pitch classes, referred to as the chro-
matic scale, ¢, c#db, d, d#leb, e, f, flgh. g, g#lab; a,
a#/bb, b.' These 12 notes are recycled every
octave leading to a large number of musical
tones. However, the number of pitch classes
(12) remains low, (see Chapter 5 this volume for
more detailed information about the difference
between pitch height and pitch chroma). This set
of pitch classes is organized in subsets of seven
tones referred to as diatonic scales. The fact that
§0 many styles in West rest on a Jow number of
pitch classes organized in small subsets of seven
notes highlights the combinatory nature of
Western music. The purpose of this chapter is to
focus on this combinatory aspect. What type of
organization in the tonal pitch structure allows
producing so many different styles, and so many
different pieces inside each style? ‘

In order to address this issue, we start by con-
sidering the theoretical distinction between
‘tonal’ and ‘event hierarchies’. The main fea-
tures of tonal hierarchies are then summarized
and we consider how these hierarchies may be
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For convenience, musical notes will be represented by
lower case letters in italics and chords by upper case letters.
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parsimoniously represented. The influence of
tonal hierarchies on music perception is then
reviewed. To conclude this chapter, we briefly
consider how tonal hierarchies contribute, along
with other musical parameters, to the definition
of an event hierarchy specific to a given piece.

Tonal and event hierarchies
in Western music

A critical feature of Western music is its hierar-
chical organization (Lerdahl and Jackendoff
1983; Meyer 1973; Schenker 1935). This is not
to say that all structures in Western music are of
hierarchical mature. Associative relations
(between thematic cells, for example) also.con-
tribute to musical structure. However, the
possibility of organizing musical events in a
hierarchy of structural importance has deep
implications for the listeners. A simple way to
understand the concept of hierarchy is to con-
sider that musical events are not all of equal
importance: some are structurally important,
while others are primarily ornamental.
Ornamental events have aesthetic and expressive
qualities but they do not contribute to the struc-
ture of the piece per se. Removing the ornamen-
tal notes does not alter the percepitual identity of
a melody, while removing structural tones
would modify the melody greatly (Dibben 1994;
Mélen and Delidge 1995). If musical events were
strictly of equal importance, pieces would sound
like monotoneus strings of sounds. By contrast,
the presence of a hierarchy confers dynamic
qualities on musical pieces that have powerful
psychological implications: ornamental events
seem to ‘go towards’ events of structural impor-
tanice, which in turn tend to “‘go towards’ events
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hierarchically more important, and so on across
the extent of a piece.

Like linguistic discourses, music is a time-
oriented structure that progresses from a begin-
ning to an end. If the music stops at some point
before the end, most listeners will realize that it
has been irregularly interrupted {Bigand 1993;
Palmer and Kruhmans} 1987). In a related vein,
playing a piece backwards would strongly alter
its perceptual identity because the dynamic refa-
tionships between tones would be reversed. Let
us consider the set of tones b-c-d#-e-f#-g. This
set of tones is perceived as a melody in the key of
C major when played forwards but as a melody
in B major when played baclwards {Bharucha
1984). In the former case, the tones b, d#, and f#
are perceived as ornamental tones anchored on
the structurally important tones of the C major
chord {c-e-g). Playing the tune backwards
reverses the relationships between musical
events, and the tones g, e, and ¢ are now per-
ceived as ornamental tones anchored to the
structurally more important tones of the B
major chord (f#d#-b). This change in percep-
tual organization may be metaphorically com-
pared with the change in meaning that occurs
when a sentence is read in a retrograde way (the
boy calls the girl versus the girl calls the boy). In
the first sentence, #he boy is anchored to the verb
calls. In the second sentence, the girl is anchored
to that verb. In language, the main aspect of
syntactic computation is to understand ‘who is
doing what to who’. Similarly, the core aspect of
tonal cognition is to perceive “which tones
anchor which tones’. Solving such a problem
reminds us of syntactic computation, because
musical events can be deeply anchored to the
overall structure of the piece: a given tone can be
anchored to another one, which may be, in tizn,
anchored to another oné, and so on. Organizing
the pitch events of a piece into a single coherent
structure, in such a way that the pitch events are
heard in a hierarchy of relative importance, is the
most fundamental aspect of tonal cognition for
Western music (Lerdahl and Jackendoff 1983).

Where do hierarchies between events come
from? Two types of hierarchies have been
distingnished in music cognition (see Bharucha
1984; Krumhansl 1990; Lerdahl 1989). The term
‘tonal hierarchy’ was used to designate an atern-
poral schema of pitch regularities, specific to

Western music, which is stored in long-term
memory (see Chapter 2 this volume}, It embod-
ies the hierarchical relations that accrue to an
entire tonal system beyond instantiation in any
particular piece. If is atemporal in that it repre-
sents more or less permanent knowledge about
the musical system rather than a response 1o a
specific sequence of events, Tonal hierarchijes
thus designate the regularities in pitch that pre-
vail for all styles of tonal music. By contrast an
‘event hierarchy’ is a hierarchy of specific pitch—
time events inferred from the ongoing temporal
sequence of musical events. In the next sections,
we will focus on tonal hierarchies however, in
conclusion, we will briefly consider how tonal
hierarchies influence event hierarchies.

Tonal hierarchies: intra-key
hierarchies and inter-key
distances

The main aspects of tonal hierarchies can be
summarized in the following way. From a set of
12 pitches, several subsets of seven pitches are
defined, each defining a musical key. A musical
key is defined in reference to a specific tone which
is called the tonic tone and that gives its name to
the key, Since there are 12 tpnes, there are 12
possible tonics. In Western music, some subsets
of tones form major keys. Others form minor
keys. For example, the C major key is made of the
following tones: c-d-e-f-g-a-b. The C miner har-
monic key is made of the tones, c-d-éb-f-g-ab-b.
In both cases, the pitch c is the tonic. Major and
minor correspond to two different scales of pitch
intervals, For example, the set of pitch intervals
separating the tones of the C major key is tone-
tone-semitone-tone-tone-tone-semitone. This
set defines a scale that is constant for all major
keys. In a minor harmonic key, the scale is diffe-
ent: tone-semitone-tone-tone-semitone-one
tone and a half-semitone. Applying these major
and minor scales to each tone of the chromatic
scale defines 24 major and minor keys.

The critical aspect of the tonal pitch system
refates to the organization of pitches within keys
(referred to as intra-key hierarchies), and to the
organization that exists between the 24 major
and minor keys (referred to as inter-key distanc-
es). Kruhmansland collaborators (see Krumhans]
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1990, for a complete account} have investigated
intra-key hierarchies with a ‘probe tone’ meth-
od, which consists of playing a test tone (the
probe) after a musical context in a given key.
Participants have to evaluate on a seven-point
scale how the probe tone fits with the context.
The 12 tones of the chromatic scale are present-
ed as probe tones. It was found that all the probe
tones did not recejved the same ratings of *good-
ness of fit'. In major key contexts, the highest
rating was given to the tonic note (the tone ¢ in
C major), followed by the fifth degree of the
scale (), and then the third degree (e), the
fourth (f) and the remaining tones of the key
(d-a-b}. The tones that do not belong to the key
(the ‘non-diatonic tones’), received the lowest

ratings. This set of values defined the C major
key profile (Figure 6.1, top). The reader could
easily obtain the profiles of all the other keys by
translating these profiles to all the remaining
tonics. As illustrated by Figure 6.1 (bottom), the
ratings found when minor keys were used as
context differed in an interesting way; the tonic
remains the tone that fits the best with the key
context, but then comes the third scale degree
(), followed by the fifth and the sixth scale
degrees (g and ab, respectively). The other dia-
tonic tones received lower ratings, and the non-
diatonic tones, the lowest. The minor key profile
remains the same for all other miner keys but it
has to be translated towards the tonic of the
given key context. Important tones in these key

—=— C major profile —e— G major profile - -~ - F# major profiie]

Average ratings

c chfds d di¥eb e

"ffifgb g otfab a a#bb b

[ =~=—C major profle —s— C minor profile]

Average ratings

c c#db d d#feb e

"fafgh g g¥ab a a#bb b

Fig. 6.1 Key profiles in the keys of C, G and F# major {top) and in the key of C major and C minor

(hottom), afier Krumhans! (1920).
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profiles act as cognitive reference points that
anchor all other events. In Western tonal music,
the tonic is thus the most important cognitive
reference point that anchors all the other tones
(Schenker 1935).

. Within a key, tones may be. grouped to.define
larger musical units called chords. A chord is the
simultaneous or sequential sounding of, at least,
three different tones.? The three basic compo-
nent tones of a perfect major or minor chord
(also called a triad) are separated by one scale
degree. For example, the C major triad is made
of the tones ¢-g-g. The E minor triad is made of
the tone e-g-b. The first interval defines the third
of the chord. In a major chord, the third corre-
sponds to a pitch interval of 4 semitones (c-e).
In a minor chord, the third is made of a pitch
interval of three semitones {c-¢b). The second
interval defines the fifth of the chord. Sirice there
are seven tones per scale, there are seven chords
in each key, some being major, others minor,
and others diminished.? Over all the keys, there
are 12 major, 12 minor, and 12 diminished
chords. Chords are important events for Western
music: they define harmonic frames from which
thematic units derive. Vincent d’Indy (1900)
metaphorically compared the themes of a musi-
cal piece to the actions of a drama, and the rela-
tionships between chords to the places where
the actions occurred. This points up the fact that
the relationships between chords (i.e., the har-
mony) are of considerable importance in defining
the structure of a given piece.

In Western music, the relationships between
chords are also of a hierarchical nature; some
chords are structurally more important than oth-
ers. Using the probe tone method, Krumhansl
et al. (1982) investigated the hierarchies between
chords. Goodness of fit ratings varied significant-
ly with the chords: in major key context, chords
build on the first scale degree (referred to as the

*The sounding of two sounds defines an interval, not a
chord. More complex chords contained additional tones,
For example, the famous dominant seventh chord is made

of the tones c—e—g—bl? in the ¥ major key, and chords con-
taining two or three ornamental tones are frequent in jazz
and bossa nova (as in the major ninth chord ¢-¢-g-b-d, or
the minor ninth chord d-f-a-c-¢}.

*The C major key is made of the following chords: C major
(e-¢-g), D minor (d-f-a), E minor (e-g-b), F major (f-a-c),
G mzjor {g-b-d), A minor (a-c-¢), and B diminished (b-d-f).

tonic chord} received the highest ratings, fol-
lowed by the chords build on the fourth and fifth
scale degrees (respectively referred to as subdomi-
nant and dominant chords). The other chords
received lower ratings. Among all' the major
chords, those that did not belong to the key con-
text received the lowest ratings. In other words, a
harmonic hierarchy was found between chords.

The last main aspect of tonal hierarchies relies
on the distance between the 12 major and 12
minor keys. Some keys share more tones and
chords than others. For example, the key of C
and G major share 6 tones and 4 chords, while
the key of C major shares only 3 tones and no
chord with the key of E major. These relation-
ships are reflected on the chromatic circle of fifths
(C-G-D-A-E-B-F#/Gb-C#/Db- G#/Ab-D#/B>-A#/
Bb-F). The higher the number of steps between
two keys, the fewer the common tones and chords
shared by the keys. Major keys share also tones
and chords with minor keys. For example, C
major and A minor share six tones and three
chords. The number of tones and chords shared
by keys contributes to define musical distances
between the keys, with keys sharing numerous
tones and chords being closer than others,

From a psychological point of view, the musi-
cal distanices between keys is more complex that
this simple computation. Krumhansl (1990}
demonstrated that the perceptnal distance
between keys is expressed by the correlation that
exists between the hierarchical profiles of the
keys: the higher the correlation, the closer the
keys. This finding suggests that keys are not only
related because they share several tones, but also
because hierarchically important tones in one
key continue to be of importance in others. The
hierarchical organization of tones and chords
thus changes less between two related keys than
between two distant ones. For example, the keys
of C major and C minor are musically related
although they do not share many tones and

. chords (four tones, and no chord). However, in

both keys, the notes ¢ and g act as the two most
important reference points which anchor the
other tones. In a similar way, the key of C major
is close to its relative minor key (ie., A minor).
Indeed, the tones ¢ and e that are hierarchically
important in the former key continue to act as
referential points in the latter. As a consequence,
every major key (C, for example) is close to two
minor keys (its paralle] and relative minor keys; C



and A minor) and two major keys (those that are
separated by one step on the circle of fifths: Gand
F major). Every major key is also indirectly close
to the relative minor keys of the major keys that
surround it (C major is close to E minor which is
the relative minor of G major). The 12 major and
12 minor keys thus define a complex net of
musical relationships (Figure 6.2, bottom).
Moving from one key to another results in a
mental reorganization of the hierarchical values
of tones and chords. This reorganization is as
strong as the new key is distant from the previ-
ous one. These changes in cognitive reference
points are experienced in an expressive way by
listeners. Moreover, the expressive quality of a
modulation {(i.e., a change in key) is held to
depend upon the distances between the two
keys: the farther away the keys, the stronger the
cognitive reorganization of reference points,

— N 0 B

c
c
o]
c
c

c#idb  d d#/eb

Two models of tonal hierarchies + 63

and the stronger the expressive effect. As the 12
major and 12 minor keys define a complex net
of keys, an almost infinite number of ways exists
to modulate from one key to another and to
express different feelings for/in listeners.

Two models of tonal
hierarchies

Notes, chords, and keys define three levels of
entwined structures that allow Western compos-
ers to invent an infinite number of expressive
musical pieces. An important issue for cognitive
psychology is to capture in a single parsimoni-
ous model the creative power of such a musical
systerm. In the present section, we will consider
two models of Western pitch structures that
derive from different scientific backgrounds.

g

- g
g a .., b
g g#ab a a#bb b

Fig. 6.2 Pitch class level {top) and regional level {hotiom) of Lerdahl’s tonal pitch space theory.
The arrow illustrates the joumey through pitch space of Chopin's E major prelude (adapted from

Lerdahl 1991).
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The Tonal Pitch Space Theory (TPST), ini-
tially described by Lerdahl {1988) and further
developed in Lerdahl (1991, 1996, 2001) rests
on a long tradition of representing the structure
of Western music as a multidimensional
space (Longuet-Higgins 1978; Krumhans] 1990;
Shepard 1982). In such an approach, tonal hier-
archies are represented in a space so that the dis-
tances between tones and chords from the
instantiated tonic correspond to their relative
hierarchical importance: the smaller the dis-
tances from the tonic, the stronger the imper-
tance. Lerdahl’s TPST provides a formal means
of quantifying the tonal distances maintained
between any two events belonging to any key.
Tonal hierarchy is represented in three embed-
ded levels, the first two (pitch class and chordal
level) representing the intra-key hierarchy, while
the third (regional level) represents the distance
between keys. The pitch class level expresses the
relationships between the 12 pitch classes. It
contains five sublevels corresponding to the
chromatic level (1), the diatonic level (2), the
triadic level (3), the fifth level (4) and the tonic
level (5} (Figure 6.2, top). This basic space
expresses Krumhansl and Kessler (1982)’s key
profiles of Figure 6.1. In a given context {say, a
C major chord in C major), the tonic tene ()
will be represented at all five levels. The domi-
nant and the mediant tones (g and e} will be
represented up to levels four and three, respec-
tively. The diatonic tones are represented at
level two and non-diatonic tones are represent-
ed at level one only. The level at which a given
pitch class is represented thus expresses its
context. Hiefarchies between pitch classes
change as a function of context. For example, a
C major chord in G-major will produce a single
change in pitch class (the fif will be now repre-
sented at level 2 and the f at level 1). The core
idea of TPST is to quantify the tonal stability of
each event (ie., its place in the tonal hierarchy)
by computing the number of changes in pitch
classes it introduces in the context,

Let us consider the second level of the model,
which involves the hierarchies between chords
within a given key. The hierarchical values of
the chords depend upon their distance to the
tonic. This distance is measured in the model by
the number of steps that separates the chords on
the diatonic circle of fifths (C-G-D-A-E-B-F)

and the number of changes in pitch class created
by the second chord. In C major, the G major
chord stands one step apart from the C major
chord on this circle, and it creates four changes
in pitch classes by reference to the C major
chord. As a consequence, its distance to the
tonic chord equals five. Similarly, the tonal pitch
space distance of the subdorminant ¢hord (F) is
five, but the distance of the other chords, hierar-
chically less important, is higher (e.g., eight for
the supertonic chord D minor). These distances
express the local changes in hierarchies between
tones that prevail when music moves from one
chord to another. These changes are experi-
enced by listeners as musical tensions (when the
distance increases), or as musical relaxations
(when the distance decreases) (Bigand et al.
1996). The set of distances traveled through
pitch space by a musical sequence thus captures
the dynamic quality of the sequence.

The two previous levels would suffice to
account for intra-key hierarchies. The third level
(regicnal level) deals with the distances between
the 24 keys. The model accounts for key dis-
tances by measuring the number of changes in
hierarchies between tones and chords consecu-
tive to a shift towards a new key. Not surpris-
ingly, the TPST computes small distances
between keys that are one step apart on the
chromatic circle of fifths {(C, G, and F, for exam-
ple, which have a distance of 7) and between
keys that are related according to parallel and
relative minor/major relations (C and C minor,
C and A minor). The greatest distance comput-
ed by the TPST (30) is found between a given
key and its augmented fourth key (C and F#
major keys). The distance between two chords
belonging to different keys depends upon the
way the two chords are interpreted. Given that
chords may belong to different keys, this dis-
tance can be reduced when the two chords are
interpreted as chords of closely related keys. For
example, the distance between a C major chord
and a C# minor chord equals 30 if the latter
chord is analysed as the tonic chord of the C#
minor key. The same distance equals 23 if the
C# minor chord is analyzed as a member of the
E major key. By default, the model would com-
pute the shortest distance. Figure 6.2 (bottom)
illustrates how the 24 keys may be organized ina
two-dimensional space. Circle of fifth relation-
ships are represented on the vertical axis, and



parallel/relative minor/major relationships are
represented on the horizontal axis. Modulating to
G, F, E, or C minor from the C major key would
result in smaller movements than modulating to
a musically less related key (e.g., Ab)..

Lerdah] suggests that listening to music cor-
responds to a journey throtgh pitch space, The
arrows of Figure 6.2 illustrate a journey provid-
ed by the Chopin prelude in E major. The first
part of the prelude remains in E major, with
local movements from one chord to another.
The second part introduces an intense journey
from E to tlie Ab major and a fast return to the
main key of E. There seems no doubt that the
expressive quality of this prelude comes from
the velocity at which this journey from E to Ab
occurs during the second phrase (Bigand 2003).
The TPST is a musical model of tonal hierar-
chies that has both theoretical and empirical
roots, and that has received support from sev-
eral empirical studies (Bigand and Parncutt
1999; Bigand et al. 1996; Krumhansl 1996;
Lerdahl and Krumhansl 2007; Smith and Cuddy
2003; Vega 2003). The TPST is helpful in inves-
tigating challenging assumptions about tonal
cognition and it has a number of psychological
implications (see Bigand 2003). However, it
may be viewed as a rather ad hoc complex
model, difficult to implement in an automatic
way in an artificial system, and of which ‘the
architecture is too abstract, as it stands, to corre-
spond point by point to real cognitive processes.

An alternative account of tonal hierarchies
that has roots in cognitive psychology and com-
putational sciences has been proposed by
Bharucha (1987). Following McClelland and
Rumelhart’s interactive model of lexical access
(McClelland and Rumelhart 1981; Rumelhart
and McClelland 1982), Bharucha defines a
three-layer interactive model that links tones,
chords, and keys. In this model, tone units are
connected to all major and minor chords to
which they belong (Figure 6.3a). These chords
are, in turn, linked to each of the major key
units to which they belong. An important musi-
cal limitation of the model is that only major
and minor triads are represented, and that the
model does not contain minor keys. However,
the model captures interesting features of tonal
hierarchies. For example, when a given triad is
sounded (say the tones c-e-g), the activated tone
units send activation towards all the chord units

Two models of tonal hierarchies - 65

to which they are connected (Figure 6.3b).
At the second iteration, these chord units prop-
agate activation towards the keys to which they
are related, and backward to the tones they are
connected to (Figure 6.3c). As a consequence,
tone units that were not in the stimulus start to
be activated. For example, the tone a receives
some activation from the F and A major chords
and the A minor chord that were stimulated by
the tones ¢ and e. At the third iteration, these
new activations of the tones propagate towards
the chord level. At the same time the activation
of the key level spreads backward to the chord
units (Figure 6.3d). Since the C major key was
active, all the chords of the C major key now
start to be stimulated. During the next itera-
tions, all of these activations spread backward
and forward up to a point of equilibrium where
spreading activation is so small that it does not
change the overall state of the network. The
interesting point is that this model of MUSical
ACTivation (MUSACT) nicely expresses tonal
hierarchies. For example, after a C major triad,
the most activated chord units correspond to
the tonic chord (C), the dominant and sub-
dominant chords (G and F). The activations
decrease progressively as long as chords are
musically distant from the C major chords. The
pattern of activation found for the key umits also
reflects the inter-key distances. For example,
after a perfect cadence in the C major key, the C
major key unit is the most activated unit, and
this activation decreases as a function of the
musical distances from the C major key.

In this model the knowledge of tonal hierar-
chy is expressed by the pattern of activation that
spreads automatically towards tone, chord, and
key units. Closely related events lead to a highly
correlated pattern of activation, distant events,
to negative correlations. In a given context, the
amount of activation found for each unit (tones
or chords) represents their hierarchical impor-
tance in the context. MUSACT thus captures
features of tonal hierarchies that are strongly
similar to those .accounted for by Lerdahl’s
TPST, but with a completely different architec-
ture. In MUSACT, the tonal hierarchies are rep-
resented in a distributed way by the weights of
the connections that link tones to major and
minor chord units, and chord units to key units.
The specific values of these weights were defined
ad hoc in the pieneer work by Bharucha (1987),
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but it has been demonstrated that these weights
may arise from a learning process that occurs
automaticallywhen the neural network is exposed
to Western music (Tillmann et gl. 2000).

Influences of tonal
hierarchies on Western
music perception

Much evidence has been collected demonstrat-
ing the influence of tonal hierarchies on music
perception. For example, Francés (1958) required
musicians to detect mistuned notes in piano
pieces. This mistuning was performed in differ-
ent ways. In one condition, some musijcal notes
were mistuned in such a way that the pitch inter-
val between the mistuned notes and those that
anchored them was reduced. For example, the
leading note (b in C majer) which is hierarchi-
cally weakly important is generally anchored by
the tonic note (¢ in C major). Francés mistuned
the leading tore by increasing its fundamental
frequency (F0) so that the pitch interval between
the leading tone and the tonic was reduced. In
the other experimental condition, this mistun-

" ing was performed in the opposite way. When

played without a musical context, participants
easily perceived both types of mistuning, Placed
in a musical context, only the second type of
mistuning (which conflicted with musical
anchoring) was perceived. This outcome shows
that the perceptual ability to perceive the shift of
the FO of a musical note is modulated by top-
down processes that integrate the note into tonal
hierarchies. More generally, performers such as
violinists or cellists constantly adjust the funda-
mental frequency of the tones in order to make
as clear as possible the way in which these tones
are anchored by the hierarchically important
tones of the context. This expressive intonation,
which is entirely related to the tonal hierarchy,
considerably increases a listener’s comprehension
of the musical discourse.

Tonal hierarchies also influence the percep-
tion of melodic contour. Several experiments

*The reader would find a remarkable demonstration of
such expressive intonation in Casals” performances of the
cello suite by Bach.

demonstrate that discriminating a small change
in a contour is more difficult when the standard
and the comparison melodies are in distant,
rather than close, keys (Dowling 1986). Several
experiments run by Krumhans] and collabora-
tors (see Krumhansl 1990) demonstrate the
influence of tonal hierarchy on the perceptual
distance of tones and chords and on their mem-
orization. This influence can be summarized in
terms of three contextual principles. The per-
ceptual distance between two events (tones or
chords) increases when these events are of hier-
archical importance (contextual distance). The
perceptual identity of two instances of a given
event increases with its hierarchical importance
(contextual identity). Two occurrences of the
chord C would sound more similar if they
occurred in a C major key context rather than in
a distant key context (say, in an F# key context).
Finally, the perceptual distance of two events
depends on their sequential occurrence: the dis-
tance decreases when the hierarchically strong
important event occurs after the other one (ie.,
anchoring principle). It increases in-the-ether
case (contextual asymmetry). Krumhansl and
collaborators demonstrate that these principles
account for confusion errors in memory. For
example, it is easier to detect that two occur-
rences of a seven chord sequence are identical
when these chords belong to a single key (dia-
tonic sequence; 69.3 per cent) than when they
belong to different keys (55 per cent), illustrat-
ing the principle of contextual identity. When
the second occurrence of the sequence contains
a different chord, it is easier to detect the differ-
ence when the chord is changed for a chord
belonging to another key than when it remains
in the same key (86 per cent versus 56.9 per
cent). This fllustrates the principle of contextual
distance. Finally, when the initial sequence is
diatonic and the comparison sequence contains
a non-diatonic chord, the change is easier to
detect (86.8 per cent) than when the first
sequence contains a non-diatonic chord that is
replaced in the second sequence by a diatonic
chord (61.3 per cent). This fllustrates the principle
of contextual asymrmetry.

The influence of tonal hierarchy on the memo-
rization of melody may be very impressive. In one
experiment (Bigand 1997), participants were
required 6 listen several times to a target inelody



68 - CHAPTER & Tonal cognition

J-SO
TiR1
i - T 1 |
:g:t‘ T T T | — —y o—
§ # e 4 1 i 1
-
Stop notes 1 2345678 9101112131415 161718192021 32 23
T2R1 - — T
P ﬂ ; ¥ h + | T l—q| ! T & 1 |ﬂ | i { l Ei
v 1 + . 1 & 1 - “|
B 4
Stop notes 1 2345678 9101112131415 161718192621 22 23

Fig. 6.4 Examples of standard and comparison melodies used in Bigand (1997).

such as the melody in A minor represented in
Figure 6.4 (top). Participants were then present-
ed with new melodies and were asked to evalu-
ate how many pitches had been changed in
comparison to the standard, Figure 6.4 (bot-
tom) displays one of the comparison melodies
used. As can be seen, it contains most of the
tones of the standard. Ounly a few tones have
been changed in order to instill the key of G
major at the beginning of the melody. This new
key context was assumed to modify the hierar-
chical weights of the melodic tones. Indeed, the
a is no longer a tonic tone in this comparison
melody, but a weakly important supertonic
tone. The reader is invited to use the key profiles
of Figure 6.1 to understand how much the hier-
archical weights of the tones have been changed
in the comparison melody. Not surprisingly, the
participants (musically trained and untrained
listeners) evaluate that about 66 per cent of the
tones have been changed in the comparison
melody, that is to say, much more than what has
actually been done, :

The influence of fonal hierarchies has been
reported in several other studies in which par-
ticipants were asked to evaluate the degree of
completion or the degree of musical stability
experienced at different points of a musical
sequence. Ratings of completion or musical sta-
bility were higher when the music stopped on
hierarchically important events (Bigand 1993,
1997; Palmer and Krumhansl 1987). A similar
result was found for chord sequences (Bigand
and Parncutt 1999; Bigand et al, 1996). In recent
studies, a continuous measure of musical stability
has been used, and data were found to correlate
significantly with tonal hierarchy (Krumhansl
1996; Lerdahl and Krumhansl 2007). Other

studies have investigated the influence of tonal
hierarchies on the speed at which some musical
features are processed. In Bharucha and
Stoeckig’s (1986} chord priming experiments,
the participants were required to decide accu-
rately but as fast as possible whether a target
chord was in tune or out of tune, For the pur-
pose of the experiment one component tone of
the chord was slightly mistuned in half of the
trials. The target chord was preceded by a chord
prime. The critical point of the study-was to
assess whether the processing of the sensory
consonance of the target chord would be modu-
lated by the harmonic relatiénship of the two
chords. The authors provided evidence that
consomant target chords were more accurately
and more quickly identified as consonant when
they were preceded by a related prime (e.g., C
and G chords) than by an unrelated prime ( €8
C and P# chords). An opposite finding was
found for dissomant targets, Bharucha and
Stoeckig argued that a given context primes the
processing of chords that are musically related
in thie context, a finding which is reminiscent of
semantic priming effects reported in language
(McNamara 2005). Further experiments
attempted to demonstrate that this priming
effect in music occurs at a cognitive level and
does not result from the overlap in harmonic
spectra of both chords (Bharucha and Stoeckig
1987; Tekman and Bharucha 1998).

The influence of tonal hierarchies on percep-
tual expectancy in long musical contexts has
also been investigated with the priming para-
digm (Bigand and Poulin-Charronnat 2006, for
areview). In our experiments, participants were
presented with chord sequences (of 8 or 14
chords depending on the studies) that ended on



a target chord. The target acted either as a tonic
or as a subdominant chord depending upon the
context. The chord preceding the target was
always kept constant, except when the local and
global harmonic contexts surrounding the tar-
get were simultaneously manipulated (Tillmann
et al. 1998). In most of the studies, participants
were required to indicate as quickly and as accu-
rately as possible whether the target chord was
consonant or dissonant. Dissonant targets con-
tained a supplementary tone, a half tone above
or below a triadic tone. In more recent studies,
target chords were played with two different
timbres which participants had to identify as
fast and accurately as possible (Tillmann and
Lebrun-Guillaud 2006}, Processing the sensory
consenance of the target or its harmonic spectra
was always faster and easier when the target
acted as a hierarchically important tonic chord.

This effect is extremely robust since it has been
replicated for relatively long chord sequences
organized at three hierarchical levels (Bigand
et al. 1999), for normal and scrambled musical
séquences (Tillmann and Bigand 2001), for
chord sequences that have extremely poor voice
leading (Poulin-Charronnat et al. 2005a), and
even when sensory priming was manipulated in
order to favour the subdominant target (Bigand
et al. 2003). Harmonic priming was also found
to be stronger than repetition priming (Bigand
et al. 2005), and to modulate the processing of
linguistic information in sung music.(Bigand
et al. 2001; Poulin-Charronnat et al. 2005).
Finally, it was observed for musically trained
and untrained listeners {Bigand and Poulin-
Charronnat 2006, for a review), as well as with
young children (Schellenberg et al. 2005).

From tonal hierarchies to event hierarchies - 69

‘T'his large set of consistent data highlights the
strength of tonal hierarchies on the formation of
musical expectancies.

Tt is likely that tonal h1erarch1es influence sev-
eral other aspects of music perception. In one
recent study, we investigated how the tonal hier-
archy influences emotional responses to music
(Filipic and Bigand 2003). Participants were
required to decide as fast and as accurately as
possible whether two musical sequences
expressed the same or different emotion.
Musical sequences that were qualified as either
sad or serene in Peretz ef al’s (1998) studies
were used and the participants were informed
that all stimuli fall into one of these two emo-
tional categories. In half of the trials, the musi-
cal pieces were in the same keys. In the other
half they were in distant keys. We found that
emotional responses were faster and more accu-
rate when both pieces were in the same key. This
finding suggests that interpreting the tones ina
tonal key context is a prerequisite for the recog-
nition of the emotional value of the stimuli.

From tonal hierarchies to
event hierarchies

The critical importance of the tonal hierarchy is
to contribute to instilling an event hierarchy
specific to a given piece. As formalized in
Lerdahl and Jackendoff's Generative Theory of
T'onal Music (1983), the tonal hierarchy pro-
vides the stability conditions that need to be
integrated into rhythmic parameters (notably) in
order to define the structural importance of each
tone of the piece. The structural importance of a
musical event thus depends upon its place in
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Fig. 6.5 Influence of tonal hierarchies and rhythm on event hierarchies. Inspired by Lerdahl and

Jackendoff (1983) with the help of the first author.
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tonal hierarchy and the rhythmic context in

_ which it appears. A tonic note of a given melody

would not always act as a structurally important
tone. Depending upon the group of tones in
which it appears as well as its duration and its
metrical position, a tonic note may act as an
ornamental event in the event hierarchy.
Modifying the thythm of a set of tones is enough
to change the event hierarchy as expressed in the
following example (Figure 6.5). The e, which is
an important tone in the C major key context,
may act as an important anchoring tone in some
rhythmic contexts {Figure 6.5 left) but not in
others (Figure 6.5 right}. This point is most cru-
cial as it means that the tonal hierarchy is consid-
erably modulated by numerous other musical
parameters such as thythm, loudness, and tim-
bre. These patameters are adjusted by the com-
poser and the performer in numerous ways,
leading to a quasi infinite number of possible
event hierarchies. The combination of tonal and
event hierarchies creates a great unity in a quasi-
infinite variety of Western musical pieces.

References

Bharucha JJ (1984). Anchoring effects in music: the resolution
of dissonance. Cognitive Psychology, 16(4), 485-518.

Bharucha JT (1987). Music cognition and perceptual
facilitation: a4 connectionist framework, Music
Perception, 5(13, 1-380,

Bharucha J7 and Stoeckig K {1986). Reaction time and
musical expectancy: priming of chords. Journal of
Expertmental Psychology: Husman Perception and
Performance, 12{4), 403—410.

Bharucha JJ and Stoeckig K (1987). Priming of
chards: spreading activation or overlapping frequency
spectral Perception and Psychophysics, 41(6), 519-524.

Bigand E (1993). The influence of implicit harmony,
rhythm and musical training on-the abstraction of
“tension—relaxatign schemas’ in 2 tonal musical phrase.
Contemporary Music Review, 9, 128-139,

Bigand E (1997). Perceiving musica) stability: the effect of
tonal structure, thythm and musical expertise. Journal
of Experimental Psychology, Human Perception and
Performance, 23, 808812,

Bigand E (2003). Travelling throught Lerdahl’s tonat pitch
space theory: a psychological perspective, Musicae
Scientine, 7, 121-140.

Bigand E and Parncutt R {1999). Perceiving musical
tension in Jong chord sequences. Psychological Research,
62(4), 237-254.

Bigand E and Pineau M (1996). Context effects on melady
recognition: a dynamic interpretation. Current
Psychology of Cognition, 15, 121-134.

Bigand E and Poulin-Charronnat B (2006). Are we
‘experienced listeners'? A review of the nmusical
capacities that do not depend on formal musical
training. Cagnition, 300(1), 100-130.

Bigand E, Madurell F, Tillmanna B and Pineau M (1999).
Effect of glabal structure and temporal organization on
chord processing, Journal of Experimental Psychology:
Human Perception and Performance, 25(1), 184-197.

Bigand E, Parncutt R and Lerdah! F (1996). Perception of
musical tension in short chord sequences: The influence
of harmonic function, sensory dissonance, horizontal
motion, and musical training. Perception and
Psychophysics, 58(1), 124-141.

Bigand E, Poulin B, Tillmann B, Madurell F and D’Adamo
DA (2003}, Sensory versus cognitive components in
harmonic priming. Journal of Experimental Psychology:
Hurmnan Perception and Performance, 29(1), 159-171.

Bigand E, Tillmann B, Poulin B, D’Adamo DA and
Madurell F (2001). The effect of harmonic context on
phoneme monitoring in vocal music. Cognition, 81(1),
B11-B20,

Bigand E, Tillmann B, Poulin-Charronnat B and
Mandeslier D (2005). Repetition priming: is music
special? Quarterly Journal of Experimental Psychology,
58A(8), 1347-1375. .

D’Indy V (1900). Traité de composition musicalg. Durand,
Paris.

Dibben N (1994). The cognifive reality of hierarchic structure
'in tonal and atonal music. Music Perception, 12, 1-25.

Dowling WT (1986) Context effects on melody recognition:
scale-step versus interval representations. Music
Perception, 3, 281-296.

Filipic § and Bigand E (2003), Emotion and cognition in
music: which comes first ? In R Kopiez, AC Lehmann,
I'Wolther and C Wealf, eds, Proceeding of the 5th Triennal
ESCOM, 231-233, 8-13 September, Germany.

Frances R (1958) La perception de In musique. Paris: Vrin
{1984 The perception of music (Dowling trans.)
Earlbaum, Hillsdale, NJ.

Krumhansl CL (1990). Cogritive foundations of musical
prtch. Oxford University Press, New York.

Krimhans] CL (1996), A perceptual analysis of Mozart’s
piano sonata, K, 282: segmentation; tersion and rusical
ideas. Music Perception, 13, 401432,

Krumhansl CL and Kessler EJ. {1982), Tracing the dynamic
changes in perceived tonal organization in a spatial
representation of musical keys. Psychological Review,
89(4), 334-368. e

Krumhans] CL, Bharucha JJ and Kessler EJ {1982).
Perceived harmonic structure of chords in three related
musical keys. Journal of Experimental Psychology:
Human Perception and Performance, 8(1), 24-36,

Lerdahl F (1988). Tonal pitch space. Music Perception, 5(3),
315-349. ‘

Lerdahl F (1989). Atonal prolongational structure.
Contemporary Music Review, 4, 65-87.

Lerdahl F {1991}, Pitch-Space journeys in two Chopin
Preludes (MR Jones and S Holleran, eds) Cogritive bases
of musical communication, 171-91 APA, Washington,
DC.



Lerdahl F (1996). Calculating tonal tension. Music
Perception, 13(3), 319-363.

Lerdahl F (2001). Tonal pitch space theory. Oxford
University Press, Oxford.

Lerdahl F and Jackendoff R (1583), A gererative theory of
tonal music. The MIT Press, Cambridge, MA.

Lerdahl F and Krumhansl C (2007). Modeling tonal
tension. Music Perception, 24(4), 329-366.

Longuet-Higgins HC {1978). The perception of music.
Interdisciplinary Science Reviews, 3, 148-156.

McClelland JL and Rumethart DE (1981). An interactive
activation model of context effects in letter perception:
Part 1. An account of basic findings. Psychological
Review, 88, 375-407.

McNamara TP (2005). Semarntic priming: perspectives from
memory and word recognition. [Psychology Press,

New York].

Mélen M and Delidge I (1995). Extraction of ¢ues or
underlying harmonic structure: which guides
recognition of familiar melodies? European Journal of
Cognitive Psychology, 7{1), 81-106.

Meyer LB _(1973). Explaining music. University of
California Press, Berkeley, CA.

Palmer C and Krumhansl CL (1987). Pitck and temporal
contributions to musical phrase perception: effects of
harmony, performance timing, and familiarity.
Ferception and Psychophysics, 41(6), 505-518.

Peretz I, Gagnon L and Bouchard B {1998). Music and
emotion: perceptual determinants, immediacy and
isolation after brain damage. Cognition, 68, 111-141.

Poulin-Charronnat B, Bigand E and Madurell F (2005a).
'The influence of voice leading on harmonic priming.
Music Perception, 22{4), 613-627.

Poulin-Charronnat B, Bigand E, Madurell F and Peereman
R {2005b). Musical structure modulates semantic
priming in vocal music. Cogwition, 94(3), B67--B78.

Rumelhart DE and McClelland JL (1982). An interactive
activation model of context effects in letter

References - 741

perception: Part 2. The context enhancement effect and
some tests and extensions of the model. Psychological
Review, 89, 60-94.

Schellenberg EG, Bigand E, Poulin-Charronnat B, Garnier
C and Stevens C (2005). Children’s implicit knowledge
of harmony in Western music. Develepmental Science,
8(6), 551-566.

Schenker H (1935). Der freie Satz. Universal Edition,
Vienna.

Shepard RN {1982). Geometrical approximations to the
structure of musical pitch. Psychological Review, 89(4),
305-333.

S$mith NA and Cuddy LL (2003). Perceptions of musical
dimensicns in Beethoven’s Waldstein sonata: an
application of Tonal Pitch Space theory. Musicae
Scientiae, 7, 7-34.

Tekman HG and Bharucha JJ {1998}, Implicit knowledge
versus psychoacoustic similarity in priming of chords.
Journal of Experimentnal Psychology: Human Perception
and Performance, 24(1), 252-260.

Tillmann B and Bigand E (2001). Global context effect in
normal and scrambled musical sequences: Journal of
Experimental Psychology: Human Perception and
Performance, 27(5), 1185-1196.

Tillmann B and Lebrun-Guillaud G (2006). Influence of
tonal and temporal expectations on chord processing
and on completion judgments of chord sequences.
Psychological Research, 70(5), 345-358. :

Tilimann B, Bharucha JJ and Bigand E {2000). Implicit
learning of tonality: A seif-organizing approach.
Psychological Review, 107(4), 885-913.

Tillmann B, Bigand E and Madurell F (1998). Local versus
global processing of harmonic cadences in the solution
of musical puzzles. Psychological Research, 61(3),

157-174,

Vega DA (2003). A perceptual experiment on harmenic
tension and melodic attraction in Lerdahl’s tonat pitch

space. Musicae Scientiae, 7, 35-55.




