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THIS STUDY EXPLORES THE UNDERLYING MECHANISMS

responsible for the perception of cadential closure in
Mozart’s keyboard sonatas. Previous investigations into
the experience of closure have typically relied upon the
use of abstract harmonic formulæ as stimuli. However,
these formulæ often misrepresent the ways in which
composers articulate phrase endings in tonal music.
This study, on the contrary, examines a wide variety
of cadential types typically found in the classical style,
including evaded cadences, which have yet to be exam-
ined in an experimental setting. The present findings
reveal that cadential categories play a pivotal role in
the perception of closure, and for musicians especially,
ratings of the cadential categories provide empirical
support for a model of cadential strength proposed in
music theory. A number of rhetorical features also affect
participants’ ratings of closure, such as formal context,
the presence of a melodic dissonance at the cadential
arrival, and the use of a trill within the penultimate
dominant. Finally, the results indicate that expertise
modulates attention, with musicians privileging bass-
line motion and nonmusicians attending primarily to
the soprano voice.
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I N THE HISTORY OF MUSIC THEORY, THE CONCEPT

of closure looms large. Given the seemingly exhaus-
tive treatment this topic has received, particularly

for music of the classical period (ca. 1775–1810), it is
perhaps surprising to note its continued relevance in
music scholarship. Consider the first eight measures
from the third movement of Mozart’s Piano Sonata in
B-flat, K. 281, shown in Figure 1. With the exception of
its somewhat unusual opening harmony (a tonicization
of ii), this passage is in many respects a fairly conven-
tional beginning in Mozart’s keyboard style. Two
phrases subdivide the opening eight measures: an ante-
cedent phrase in mm. 1–4 followed by a consequent

phrase in mm. 5–8. Although the second phrase largely
repeats the first, a few compositional devices help to
distinguish the consequent from the antecedent: the
change from a piano to a forte dynamic, the subtle
embellishments of the right-hand melody, and the
expansion of register in the left hand. Yet, the most
significant difference appears at the end of each phrase.
The antecedent concludes with a dominant harmony in
root position, a stable albeit active sonority whose met-
rical placement and expanded duration serve to rein-
force the perception of ending. Theorists have termed
this category of closure a half cadence. The ending of
the consequent, and of the theme as a whole, features
harmonic motion from a root-position dominant to
a root-position tonic at the downbeat of m. 8, as well
as the arrival of the melody on the first scale degree,
characteristics that exemplify a category of closure the-
orists have termed a perfect authentic cadence.

Although we tend to theorize little as to how passages
like this one begin, we have a great deal to say about how
they end. The highly conventionalized nature of these
endings has prompted theorists to describe and explain
the compositional procedures involved in articulating
phrase endings. The classical cadence perhaps best
exemplifies this point, as it is a foundational concept
in the Formenlehre tradition, and it continues to receive
attention and undergo refinement in the scholarly com-
munity (for a review of theories of form in the history of
music theory, see Burnham, 2002). Indeed, the revival of
interest in theories of musical form over the last few
decades has prompted a number of studies that recon-
sider previously accepted explanations of how compo-
sers articulate cadences in the classical period (Caplin,
2004), that classify instances in which cadential arrival
fails to materialize (Caplin, 1998, pp. 101–11; Hatten
1992; Hepokoski & Darcy, 2006, pp. 150–79; Schmalfeldt,
1992), and that attempt to situate the concept of cadence
within a broader understanding of both tonal and formal
closure (Anson-Cartwright, 2007; Blombach, 1987). Yet
despite such intense theoretical scrutiny, it remains
unclear how listeners represent these patterns in long-
term memory, how cadences are perceived during music
listening, and how the various features of cadences con-
tribute to the perception of closure.

Although the compendium of cadences and other
conventional closing patterns associated with the
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classical period is enormous, contemporary scholars
typically cite only a few, which may be classified accord-
ing to two fundamental types: those cadences for which
the goal of the progression is tonic (e.g., perfect authen-
tic, imperfect authentic, deceptive, etc.), and those
cadences for which the goal of the progression is dom-
inant (e.g., half cadences). Moreover, whereas a number
of parameters may contribute to the identification and
categorization of cadences and other ending formulæ,
theorists attend principally to melody and harmony,
often referred to as among the syntactic parameters of
tonal music (Agawu, 1987; Caplin, 2004; Meyer, 1989).

Figure 2 provides examples from Mozart’s keyboard
sonatas for the five most common cadential categories:
perfect authentic (PAC), imperfect authentic (IAC), half
(HC), deceptive (DC), and evaded (EV). Following the
PAC category, the imperfect authentic cadence is typi-
cally identified as a melodic variant of the perfect
authentic cadence, as it features an authentic cadential
progression, but presents 3̂ in the melody at cadential
arrival. Shown in Figure 2a-c, the PAC, IAC, and HC
categories appear at the conclusion of phrases or entire
themes and are typically followed by the initiation of
a new formal process. Together, these three cadence
categories constitute what Caplin (1998) has referred
to as ‘‘the only genuine cadence categories in music in
the classical style’’ (p. 43) because they are the only
categories that can achieve thematic closure.

Whereas imperfect authentic and half cadences gen-
erally remain categorically distinct from the perfect
authentic cadence, deceptive and evaded cadences do
not. Instead, these two cadence categories arise as
a result of the failed attempt to attain authentic cadential

closure. Furthermore, these cadential deviations typically
only affect the final tonic of the cadential progression at
the moment of the cadential arrival. In the deceptive
cadence, the final root-position tonic is replaced by some
other harmony, usually VI (see Figure 2d). Yet because
a deceptive cadence features a melodic line that resolves
to a stable scale degree at the cadential arrival (typically to
1̂ or 3̂), it still provides a provisional sense of ending.
Finally, shown in Figure 2e, the evaded cadence is char-
acterized by the complete failure of the final harmonic
and melodic events of the cadence to materialize.
Instead, the event that appears in place of the expected
cadential goal represents a ‘‘new beginning.’’ Evaded
cadences typically feature a sudden interruption in the
projected resolution of the melodic line to 1̂. Instead, the
melody leaps up, often to 5̂, thereby replacing the
expected ending with material that initiates the subse-
quent phrase. Thus, the evaded cadence provides no
sense of ending whatsoever.

In the classical style, the aesthetic effect of these
cadential deviations is undeniable, as instances of
cadential deception and evasion serve to intensify the
expectation for authentic cadential closure at the ends of
movements or larger sections. In the exposition section
of a sonata-form movement, for example, Schmalfeldt
(1992) has argued that the emergence of the subordinate
(or secondary) theme in compositional practice coin-
cided with the increasing tendency to highlight the
cadential progression as the ultimate signal for thematic
closure (p. 1). Thus, the subordinate theme is often
characterized by the appearance of numerous deviations
and extensions of the authentic cadential progression
that serve to delay the moment of cadential arrival

FIGURE 1. Wolfgang Amadeus Mozart, Piano Sonata No. 3, K. 281, iii, mm. 1—8.
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(Caplin, 1987; 2000; Hatten, 1992; Schmalfeldt, 1992),
and a number of authors have noted the expressive and
formal implications of dramatizing cadential arrival in
this manner (Caplin, 1998; Hepokoski & Darcy, 2006;
Schmalfeldt, 1992).

Many theorists have therefore accounted for the per-
ception of closure by appealing to theories of expecta-
tion (Huron, 2006; Meyer, 1956; Narmour, 1989; 1992),
as cadential progressions elicit very definite expecta-
tions concerning the melodic scale degree, the harmony,

and the metric position of the goal event. The formation
and violation of these expectations has been empirically
tested in continuation and expectancy ratings tasks for
melodies (Cuddy & Lunney, 1995; Schellenberg, 1996;
1997; Schmuckler, 1989; 1997), in melodic priming
paradigms (Aarden, 2003; Margulis & Levine, 2006), in
harmonic priming (Bharucha & Stoeckig, 1986; Bigand &
Pineau, 1997; Bigand, Madurell, Tillmann & Pineau,
1999; Justus & Bharucha, 2001; Tillmann & Bigand,
2001), and in harmonic priming during melodies (Loui

(a)

(b)

(c)

(d)

(e)

FIGURE 2. Five excerpts representing the five cadential categories. (a) PAC Category, Subordinate Theme Subtype: K. 309, i, mm. 48—54. (b) IAC

Category, Melodic Dissonance Subtype: K. 330, iii, mm. 39—43. (c) HC Category, Main Theme Subtype: K. 284, iii, m1—4. (d) DC Category, Failed PAC

Subtype: K. 281, ii, mm. 32—35. (e) EV Category, Non-Tonic Subtype: K. 279, ii, mm. 1—4.
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& Wessel, 2007). Moreover, several studies have
employed authentic cadential (V-I) progressions explic-
itly to examine harmonic expectations using behavioral,
(Loui & Wessel, 2007), neural (Janata, 1995; Koelsch
et al., 2003; Koelsch, Fritz, Schulze, Alsop & Schlaug,
2005; Koelsch, Gunter, Friederici & Schröger, 2000;
Koelsch, Schmidt & Kansok, 2002; Leino, Brattico, Ter-
vaniemi & Vuust, 2007; Loui, Grent-’t-Jong, Torpey &
Woldorff, 2005; Maess, Koelsch, Gunter & Friederici,
2001; Tillmann, Janata & Bharucha, 2003), and psycho-
physiological measures (Steinbeis, Koelsch & Sloboda,
2006).

The evidence is thus overwhelming that expectation
plays a significant role in the cognitive processing of
harmony and melody, parameters that remain essential
to the perception of cadential closure. Furthermore,
cadences and other ending patterns have frequently
been employed as stimuli to investigate more general
cognitive processes—for example, how listeners store
harmonic and tonal structure in long-term memory
(Krumhansl & Kessler, 1982) or the perception of
dynamic variations in tension (Bigand & Parncutt,
1999). It should be no surprise, then, that in many of
these studies, the perception of closure plays a prominent
role. Indeed, Aarden (2003) has noted an unintended
effect of closure in Krumhansl’s highly influential work
probing the tonal hierarchy (Krumhansl, 1990; Krum-
hansl & Kessler, 1982). In a study comparing the
goodness-of-fit ratings she obtained for the 12 members
of the chromatic scale with the frequency-of-occurrence
of these scale degrees in various corpora from Western
music, Krumhansl has claimed that listeners form a cog-
nitive representation of the tonal hierarchy by internal-
izing the distributional properties of tonal music.
Noting a disparity in Krumhansl’s results,1 however,
Aarden conducted a reaction-time experiment designed
to test the assumption that scale degrees receiving
a higher ‘‘fit’’ rating in Krumhansl’s tonal hierarchy
would lead to faster reaction times. Yet, the results of
the experiment only confirmed this hypothesis when
Aarden asked participants to respond exclusively to the
final event of each melody, leading him to conclude that
the probe-tone method employed by Krumhansl and
Kessler actually encouraged listeners to treat the probe
tone as a phrase-final event. Thus, Aarden claimed,

Krumhansl and Kessler’s major and minor key profiles
reflect a cognitive representation of the tonal hierarchy
that pertains specifically to endings. Furthermore,
Krumhansl, Bharucha and Kessler (1982) noted a har-
monic closure effect for two-chord progressions
selected from the chords of the diatonic scale, as the
relatedness judgments obtained for these progressions
revealed a hierarchy of stability (I, V, IV, VI, II, III, VII),
with more stable chords serving as better continuations
in the two-chord context. Noting that stable harmonies
like I and V typically received higher continuation judg-
ments when they followed, rather than preceded, the
remaining diatonic harmonies, Bharucha and Krum-
hansl (1983) further proposed that stable tones and
chords appear at the ends of phrases because they serve
as cognitive reference points, an expression coined by
Rosch (1975) for elements that are characterized by
their asymmetric temporal relations with less stable ele-
ments. Indeed, Tan, Aiello, and Bever (1981) have sug-
gested that listeners use stable harmonies like I and V to
segment melodic phrases, even in the absence of an
explicit harmonic context, and Cuddy, Cohen, and
Mewhort (1981) have noted that melodies were better
remembered if they contained a strong tonal ending.

From an examination of the literature, it appears that
cadences play a vital role in the perception of tonal
music (Bigand & Parncutt, 1999). It is by no means
contentious, moreover, that internal representations of
the tonal and harmonic hierarchies affect the perception
of closure, but it remains far less clear whether listeners
possess schematic representations for various melodic
and harmonic closing formulæ. Boltz (1989) has
reported effects of serial order on the perception of
melodic closure, but the issue as to whether listeners
store melodic closing patterns in long-term memory
remains open. Yet for bass-line motion, the serial posi-
tion of the events preceding a phrase ending is funda-
mental to current definitions of cadential closure. The
cadential status of the final tonic in an authentic
cadence, for example, is crucially determined by the
harmony of the preceding event. In a study examining
the perception of harmonic closure in a two-chord con-
text, Rosner and Narmour (1992) reported that sche-
matic representations of root progressions common to
known cadences appeared to play the most prominent
role in explaining the participants’ ratings, leading the
authors to claim that the various harmonic formulæ
located at phrase endings result in the formation of sche-
matic representations of harmonic closure. Eberlein and
Fricke (1992) have extended this claim to the melodic,
rhythmic, and metric parameters employed in the artic-
ulation of cadences, theorizing that experienced listeners

1 Although the correlations between the scale-degree distributions of
various corpora with Krumhansl’s goodness-of-fit ratings are quite high
(r > .80), several discrepancies remain unexplained, the most noteworthy
example being that the dominant scale degree normally appears more
frequently than the tonic degree in the various corpora, yet in Krumhansl
and Kessler’s key profiles, the tonic receives the highest ‘‘fit’’ rating.
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of tonal music form schematic representations for fre-
quently occurring cadential formulæ.

What remains absolutely essential to such a claim,
however, is that the strength of the schematic represen-
tation depends on a listener’s exposure to a given musi-
cal style. A growing body of evidence reveals that
listeners develop implicit knowledge of tonal and har-
monic structure simply as a result of passive exposure to
Western music. The psychological reality of Krum-
hansl’s tonal and harmonic hierarchies therefore reflects
a general purpose cognitive learning mechanism, in
which knowledge about the external environment is
acquired without conscious awareness (Reber, 1989).
Researchers have since extended this claim to explain
how listeners process harmony and melody, proposing
a connectionist framework to account for Western har-
monic syntax (Bharucha, 1987; Bharucha & Stoeckig
1986; Tillmann, Bharucha & Bigand, 2000) and employ-
ing artificial grammars to examine how listeners
respond to novel harmonic and melodic contexts
(Jonaitis & Saffran, 2009; Rohrmeier, Rebuchat, &
Cross, 2011; Tillmann & Poulin-Charronnat, 2010).
Moreover, children appear to develop a sensitivity to
harmonic structure at around 5 to 7 years of age, even
in the absence of explicit formal training (Corrigall &
Trainor, 2010; Trainor & Trehub, 1994). Researchers
have also reported harmonic priming effects in children
between 5-11 years of age using both behavioral and
neural measures (Koelsch et al., 2003; Schellenberg,
Bigand, Poulin-Charronnat, & Stevens, 2005), and
Costa-Giomi (2003) has even extended this claim
explicitly to the perception of cadences, suggesting that
by 6 years of age, children notice the lack of a conclusive
cadence if it is missing from a progression, and by 8 they
can discriminate between conclusive and inconclusive
cadences.

Unfortunately, the effect either of explicit music train-
ing or of passive exposure on the perception of closure
still remains unclear: several authors have reported sig-
nificant effects of musical expertise for a variety of
cadential stimuli (Eberlein & Fricke, 1992; Vallières,
2011; Vallières, Tan, Caplin, & McAdams, 2009; Vos &
Pasveer, 2002; Weiser, 1992), whereas others have
reported no effects whatsoever (Boltz, 1989; Tillman,
Bigand, & Madurell, 1998). Such contradictory reports
as to the role of explicit formal training or implicit
learning on the perception of closure may reflect differ-
ences either in the choice of experimental task or in the
use of stimuli, as researchers often prefer to employ
abstract cadential paradigms rather than examples of
cadences from genuine musical literature. And there are
certainly very good reasons for doing so: by eliminating

variations in dynamics, tempo, and rhythm, as well as
disregarding a number of features that appear fre-
quently in compositional practice (e.g., the cadential
six-four, the suspension dissonance at cadential arrival,
or a melodic trill at the penultimate dominant, hence-
forth termed the ‘‘cadential trill’’), such abstract para-
digms provide greater experimental control and are
much easier to alter to satisfy specific experimental
needs. But these paradigms also misrepresent the ways
in which composers often articulate phrase endings in
tonal music (and consequently the ways in which lis-
teners might actually perceive these endings), as they
ignore many of the features of cadences that might con-
tribute to the perception of closure. Indeed, whereas
theorists attend principally to the syntactic parameters
of tonal music, in compositional practice each cadence
may be realized in nearly countless ways, entailing para-
meters of rhythm, meter, texture, and instrumentation.
Thus, cadences also differ as a result of their unique
nonsyntactic or rhetorical content (Agawu, 1987;
Caplin, 2004), an issue that has not been considered
in an experimental setting. In Mozart’s keyboard style,
for example, cadences may also be characterized accord-
ing to the formal context from which they were drawn
(e.g., main theme, transition, subordinate theme, etc.) or
by the presence of a melodic dissonance at the cadential
arrival.

The recent revival of interest in the Formenlehre tra-
dition in music scholarship has also largely gone unno-
ticed in the music psychology community, as those
studies explicitly examining the perception of closure
rarely employ the wide variety of cadential types found
in the ‘‘common practice’’ period. Techniques for caden-
tial deviation, in particular, serve an important formal
and expressive function in the classical style, but they
have yet to be considered in an experimental setting. By
using examples drawn from real music, the experimen-
tal study of cadential failure could serve to explore rich
areas of inquiry in music psychology, such as the per-
ception of closure, the processing of harmonic syntax,
and the generation and violation of expectations.
Finally, examining a variety of cadential categories will
provide the opportunity to consider the cadential hier-
archy. Rosner and Narmour (1992) have suggested that
style-structural closing schemata may be stored hierar-
chically in long-term memory, and several theorists
have proposed hierarchical models of cadential strength
(Caplin, 1998; Latham, 2009; Schmalfeldt, 1992), yet the
psychological reality of the cadential hierarchy has not
been examined empirically.

The following experiment attempted to address these
issues directly. Although an exploration of the underlying
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cognitive mechanisms responsible for the perception of
closure in tonal music is the ultimate aim of this
research, our initial approach is more limited in scope,
concentrating as it does on a closing pattern that appears
frequently in tonal music: the classical cadence. From
Mozart’s keyboard sonatas, we selected fifty excerpts
that contained an equal number of perfect authentic
(PAC), imperfect authentic (IAC), half (HC), deceptive
(DC), and evaded cadences (EV). These categories were
chosen both on the basis of their frequency in Mozart’s
style as well as on their assumed relevance to research in
music theory and music perception. We hypothesized
that participant ratings would significantly differ among
the categories and that the melodic and harmonic con-
tent specific to each category would play the most sub-
stantial role in participants’ ratings of closure.

To consider the effects of additional parameters
within the cadence categories, each category was sub-
divided into two subtypes in order to examine more
closely parameters not embraced by category member-
ship, such as formal context (for the PAC and HC cate-
gories), the presence of a melodic dissonance at the
cadential arrival (for IAC and HC), and the melodic
scale degree and harmony at the cadential arrival (for
DC and EV, respectively). The intent here was to con-
sider compositional parameters that could play an
important role in the perception of closure, as well as
to attempt to select subtypes that reflect the most prev-
alent features of Mozart’s compositional style.

Each perfect authentic cadence was classified accord-
ing to its location within an exposition section of sonata
form, as closing either a main theme or a subordinate
theme. The excerpts selected from the subordinate
theme further feature an expanded cadential progres-
sion (ECP) (see Figure 2a), which, in addition to its
longer duration, is characterized by a dramatic increase
in surface activity and the appearance of a cadential trill
(for a discussion of the ECP, see Caplin, 1987). The
imperfect authentic cadence category was subdivided
according to the presence or absence of a melodic dis-
sonance at the cadential arrival. Figure 2b presents the
former case, in which the melodic goal of the cadential
arrival (B5) is embellished by an accented passing tone
(C6). Although a number of other features might serve
to differentiate imperfect authentic cadences, such as
the metric placement of the cadential arrival (i.e., ‘‘mas-
culine’’ vs. ‘‘feminine’’ endings) or the contour of the
melody preceding cadential arrival (ascending vs. des-
cending), the appearance of a surface dissonance in the
melody is an especially prominent attribute of Mozart’s
imperfect authentic cadences. As with the PAC category,
half cadences were also classified according to their

formal location, as either from a main theme (shown
in Figure 2c) or a transition. The material within the
transition in sonata form typically modulates to the key
of the subordinate theme and often features increased
surface activity. This increased energy and tonal insta-
bility might serve to differentiate half cadences ending
a transition from those found in a main theme. In addi-
tion, excerpts from the HC category were also separately
classified according to the presence or absence of
a melodic dissonance at cadential arrival. (Excerpts con-
taining a dissonance are marked with an asterisk in
Table 1.) The deceptive cadence category was subdi-
vided according to the melodic scale degree (indicated
by the caret) present at the cadential arrival: 1̂, which we
refer to as a failed perfect authentic cadence (as in Fig-
ure 2d), and 3̂, referred to as a failed imperfect authentic
cadence.2 Finally, the evaded cadence category was sub-
divided according to the harmony that appears in place
of the cadential arrival—tonic harmony, which may be
in root position or inverted, or non-tonic harmony (as
in Figure 2e).

Although the cadential subtypes permit an extended
examination of the role played by parameters within
each cadence category, these subtypes still fail to con-
sider the relative contribution of a variety of additional
parameters that appear frequently in cadential contexts
(e.g., the presence of a cadential trill, the use of a disso-
nant six-four chord suspended above the cadential
dominant, the temporal duration of the cadential pro-
gression, etc.). Thus, in addition to the subtypes, we also
characterized each excerpt according to a number of
rhetorical parameters in order to examine their relative
contribution in a regression model.

Method

PARTICIPANTS

Participants were 40 members (19 male) of the Mon-
treal community recruited through the Schulich School
of Music and the McGill University classified ads. Ages
ranged from 18 to 48 (M ¼ 24, SD ¼ 6). Twenty parti-
cipants with music training equivalent or superior
to second-year-university level formed the musician
group, and twenty participants with less than one year

2 Unfortunately, the subtypes for the HC and DC categories do not
contain an equal number of excerpts. For the HC category, the main
theme subtype contains four, whereas the transition subtype contains
six. However, the surface dissonance subtypes for the HC category
contain an equal number of excerpts. Additionally, because deceptive
cadences are fairly uncommon in Mozart’s keyboard sonatas, the failed
perfect authentic cadence subtype includes seven, whereas the failed
imperfect authentic cadence subtype includes three.
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of music training comprised the nonmusician group. To
limit any effects caused by familiarity with the stimuli,
no participant with more than one year of formal study
on the piano was permitted to take part.

A questionnaire was administered to assess musical
preferences and training. On average, musicians had
11.4 years of study on a musical instrument (other than
piano), 3.5 years of ear training, 3.0 years of instruction

TABLE 1. Cadence Categories, Syntactic Characteristics, Subtypes, and Reference Information (Köchel index, movement, measures) for
each Excerpt.

Cadence Categories Characteristics Subtypes Excerpts

Perfect Authentic –V and I in root position
–Soprano 1̂

Main Theme K. 281, i, mm. 5–8
K. 281, iii, mm. 5–8
K. 283, i, mm. 5–10
K. 311, i, mm. 19–24
K. 333, ii, mm. 5–8

Subordinate Theme
(Expanded Cadential
Progression)

K. 284, i, mm. 44–50
K. 309, i, mm. 48–54
K. 333, i, mm. 54–59
K. 333, iii, mm. 31–36
K. 545, i, mm. 20–26

Imperfect Authentic –V and I in root position
–Soprano 3̂

Melodic Dissonance K. 311, ii, mm. 27–32
K. 330, i, mm. 4–8
K. 330, iii, mm. 39–43
K. 498a, iv, mm. 32–36
K. 533, iii, mm. 23–26

No Melodic Dissonance K. 281, ii, mm. 4–8
K. 282, i, mm. 2–4
K. 284, ii, mm. 21–25
K. 309, ii, mm. 1–4
K. 333, iii, mm. 28–32

Half –V in root position
–No 7th

Main Theme *K. 284, iii, mm. 1–4
*K. 311, ii, mm. 1–4
*K. 331, i, mm. 1–4
K. 332, ii, mm. 3–4

Transition K. 279, iii, mm. 11–18
*K. 280, i, mm. 21–26
K. 281, i, mm. 12–16
*K. 281, ii, mm. 22–26
K. 310, i, mm. 11–16
K. 332, i, mm. 31–37

Deceptive –Ends grouping structure
–Typically on VI

Failed PAC K. 280, ii, mm. 16–19
K. 281, ii, mm. 32–35
K. 282, i, mm. 11–13
K. 282, iii, mm. 25–31
K. 309, iii, mm. 58–65
K. 457, i, mm. 42–48
K. 533, i, mm. 16–22

Failed IAC K. 279, i, mm. 7–10
K. 330, i, mm. 27–31
K. 457, ii, mm. 9–11

Evaded –Melody leaps up
–Provides no resolution

Tonic Harmony K. 281, i, mm. 30–34
K. 281, iii, mm. 30–35
K. 309, i, mm. 13–18
K. 309, i, mm. 43–46
K. 309, iii, mm. 11–16

Non-Tonic Harmony K. 279, ii, mm. 1–4
K. 280, i, mm. 3–10
K. 281, ii, mm. 96–99
K. 332, ii, mm. 14–16
K. 333, iii, mm. 84–89

Note. Excerpts from the HC category marked with an asterisk contain a surface dissonance at cadential arrival, whereas the remaining excerpts from that category do not.
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in harmony, and 2.9 years of instruction in music anal-
ysis. At the time of their participation, they additionally
reported spending an average of 15.2 hours each week
engaged in instrumental practice. Participants also lis-
tened to an average of 11.3 hours of music each week.
All of the participants reported normal hearing, which
was confirmed with a standard audiogram administered
before the experiment (ISO 398-8, 2004; Martin &
Champlin, 2000), and none of the participants indicated
they had absolute pitch.

MATERIALS

The stimuli consisted of 50 short excerpts (average 8.6 s)
selected from Mozart’s keyboard sonatas; the excerpts
contained an equal number of perfect authentic
cadences, imperfect authentic cadences, half cadences,
deceptive cadences, and evaded cadences. It is also
important to note that every excerpt in this study con-
tained a cadential progression—a functional harmonic
progression that precedes (and includes) the goal har-
mony (Caplin, 2004). Consequently, the cadential cate-
gories in this stimulus set differ from one another
primarily as a result of the pitch content located at the
moment of cadential arrival (or, in the case of the
evaded cadences, the moment of anticipated arrival).
To limit the number of variables under consideration,
performance features (such as dynamics and rubato)
were neutralized and the tempo of each excerpt was
determined by convention. Each stimulus was first cre-
ated with the notation software Finale and then realized
as a .wav sound file using a piano physical model created
by PianoTeq. Finally, a 4-s fade-in was inserted at the
beginning of each excerpt to encourage participants to
attend specifically to the excerpt’s end.

Unfortunately, the extraction of each excerpt from its
surrounding material raised several issues associated
with the moment of the cadential arrival. In an effort
to eliminate some of these unwanted effects while still
preserving the stylistic integrity of each excerpt, it was
necessary to impose a few constraints on the cadential
arrival. First, any chord tones appearing after the caden-
tial arrival (e.g., an Alberti bass pattern) were verticalized
to the moment of the cadential arrival, and all subsequent
material was removed. This step eliminated differences
in surface activity among excerpts, in particular where
the absence of the third of the triad would have resulted
in an unstylistic open octave. Second, the duration of
the cadential arrival was recomposed to one full tactus
to ensure that differences in duration did not affect the
perception of closure. Third, since this study did not
consider the effect of cadential absence (such as when
a rest replaces the expected tonic at the cadential

arrival), in two instances the events following the rest
were shifted back to the cadential arrival.

DESIGN AND PROCEDURE

The participants were seated in a double-walled IAC
Model 1203 sound-isolation chamber. The stimuli were
reproduced on a Macintosh G5 PowerPC, output as
S/PDIF using an M-Audio Audiophile 192 sound card,
converted to analog using a Grace Design m904 mon-
itor system, and presented over a pair of Dynaudio
BM6A monitors. The stimuli were presented at 55 dB
SPL, which was kept constant for all participants
throughout the experimental session. The experimental
program, subject interface, and data collection were
programmed using the Max/MSP environment from
Cycling 74’ controlled by the PsiExp software environ-
ment (Smith, 1995).

Participants were presented with a randomized set of
all 50 excerpts in two blocks. After listening to each
excerpt up to three times, participants were instructed
to rate the degree of completion of each excerpt on a
7-point continuous analogical-categorical scale (Weber,
1991), which consists of an analog scale subdivided into
seven discrete categories labeled from 1 to 7. Comple-
tion was defined as: ‘‘the expectation that the music will
not continue. A value of 1 indicates that the excerpt
would certainly continue, whereas a value of 7 indicates
that the excerpt could end at that moment without the
need for anything further.’’ Participants were encour-
aged to use the full range of the scale over the course
of the experiment. In addition, at no point was the term
cadence ever mentioned during the session under the
assumption that its usage might unintentionally bias
musicians toward consciously categorizing the excerpts’
endings.

In addition to a completion judgment, participants
rated on 7-point scales the confidence of their comple-
tion rating and their familiarity with the excerpt. To
distinguish between those excerpts potentially rated in
the center of the completion scale, the participants also
responded to the following two statements on a 4-point
Likert scale labeled from strongly agree to strongly
disagree: ‘‘this excerpt could complete an entire work
or movement,’’ and ‘‘this excerpt could complete a
phrase or short passage of music.’’ The aim of the addi-
tional 4-point Likert response scales was to ask partici-
pants to differentiate between endings located at the
conclusion of a longer work from those endings they
may deem sufficient to complete a phrase or short pas-
sage within that work, a distinction assumed too subtle
to be captured by the completion scale, particularly for
those excerpts that participants placed in the center of
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the scale (i.e., excerpts rated as neither entirely complete
nor entirely incomplete). The participants were also
reminded that the two scales should not necessarily
co-vary. By strongly agreeing that an excerpt could
complete an entire work or movement, a participant
might also assume it could complete a phrase or short
passage of music. The reverse is not necessarily true,
however, because an excerpt might provide an entirely
implausible ending for an entire work, yet sound satis-
factory at the end of a short passage within the work.

To familiarize the participants both with the range
of stimuli as well as with the experimental task, the
experimental session began with an exposure phase
consisting of ten additional excerpts (two excerpts
exemplifying each cadence category), and a practice
phase in which the participants rated each of the ten
excerpts. After completing the experiment, partici-
pants filled out a short questionnaire addressing their
music background.3

Results

CADENCE CATEGORIES

Figure 3 displays bar plots of the completion, confidence,
and familiarity ratings for each of the five cadential cate-
gories. A mixed 5� 2 ANOVA of the completion ratings
revealed main effects of cadential category, F(3.14,
119.27)¼ 264.56, "¼ 0.79, p < .001, �2¼ .85, and music
training, F(1, 38) ¼ 8.39, p < .01, �2 ¼ .18, as well as
a significant interaction, F(3.14, 119.27) ¼ 8.52, p < .001,
�2 ¼ .03. For the musician group, post hoc analyses
revealed significant differences between each pair
of cadential categories descending from PAC to EV
(p < .01), with the exception of a marginal difference
appearing for the HC-DC pair (p ¼ .06). The member-
ship of each excerpt to a cadential category therefore
appeared to significantly affect the completion ratings for
the musician group. Musicians and nonmusicians did not
differ in their ratings for any of the categories of genuine
cadences (PAC, IAC, HC), but the results did reveal an
effect of music training for the failed cadences (DC, EV),
as nonmusicians provided higher completion ratings for
both deceptive and evaded cadences than did musicians
(p < .001). Indeed, nonmusicians did not rate half

FIGURE 3. Bar plots of mean completion, confidence, and familiarity ratings of musicians and nonmusicians for each cadential category. Whiskers

represent the 95% confidence interval. See text for the abbreviations of the cadence categories.

3 Because the behavioral scales for the completion, confidence, and
familiarity ratings are bounded on both sides (by 1 and 7), in a few cases
the aggregated data for the perfect authentic and evaded cadential
categories—the categories expected to elicit very high and very low
completion ratings, respectively—violated assumptions of normality and
homogeneity of variance due to their skewed distributions. To eliminate
these issues before calculating the model, the completion, confidence, and
familiarity ratings were normalized to the range [0-1] and an arcsin
transformation was applied. In the figures that follow, however, the raw
data were retained for the purposes of visualization. To counteract

violations of sphericity, degrees of freedom are reported using the
Greenhouse-Geisser correction where appropriate. Finally, all post hoc
statistics were conducted using t-tests with Bonferroni adjustment.
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cadences as any more complete than evaded cadences
(p > .05).

As expected, confidence ratings averaged across par-
ticipants were weakly correlated with the completion
ratings, Spearman’s rank correlation coefficient
rs(50) ¼ .36, p ¼ .01. A mixed 5 � 2 ANOVA revealed
a significant effect of cadence category, F(2.52, 95.75) ¼
25.44, " ¼ 0.63, p < .001, �2 ¼ .39, as both groups
provided higher confidence ratings for excerpts from
the PAC category than for any of the other cadence
categories (p < .01). Confidence ratings were also higher
for musicians than for nonmusicians, F(1, 38) ¼ 18.93,
p < .001, �2 ¼ .33. Although both groups provided low
familiarity ratings on average, completion ratings were
nonetheless weakly correlated with familiarity, rs(50) ¼
.50, p < .001. Familiarity judgments also revealed main
effects of cadential category, F(2.95, 112.01) ¼ 34.23,
" ¼ 0.74, p < .001, �2 ¼ .41, and training, F(1, 38) ¼
4.47, p ¼ .04, �p

2 ¼ .11, as well as an unexpected inter-
action resulting from differences in the way musicians
and nonmusicians specifically rated half cadences,
F(2.95, 112.01) ¼ 12.26, p < .001, �2 ¼ .14. As shown
in Figure 3, whereas both groups provided higher famil-
iarity ratings for the perfect authentic cadence category
than for the other categories (p < .05), musicians also rated
excerpts from the half cadence category as more familiar
than those from the remaining categories (p < .05). This
effect was not observed in nonmusicians, however, as
they provided very low familiarity ratings for excerpts
ending in half cadences, nor did these ratings differ

from those of the other categories. The intention
behind providing a scale for familiarity was to deter-
mine if explicit prior exposure to a particular excerpt
would affect completion ratings, assuming that knowl-
edge of the material following the end of the excerpt
might alter the interpretation of that excerpt’s ending,
thus confounding the experimental outcome. However,
the observed difference in familiarity ratings of excerpts
ending with half cadences between musicians and non-
musicians instead suggests a difference in their exposure
to, and subsequent knowledge of, half cadences in gen-
eral, a particularly compelling finding that appears to
contradict the completion data, in which no training
effect was observed for half cadences.

CADENCE SUBTYPES

Figure 4 presents bar plots of the completion ratings for
the cadential subtypes of each cadential category. Begin-
ning with the perfect authentic cadence category, both
groups rated PACs selected from the subordinate theme
as more complete than PACs from the main theme,
F(1, 38) ¼ 23.43, p < .001, �2 ¼ .38, and there was no
effect of training, F(1, 38) < 1. For the imperfect authen-
tic cadence category, the presence of a melodic disso-
nance at the cadential arrival only affected completion
ratings for nonmusicians (p < .01). In addition, nonmu-
sicians provided higher completion ratings for imper-
fect authentic cadences without a dissonance at the
cadential arrival than did musicians (p < .05). For the
half cadence category, musicians tended to rate half

FIGURE 4. Bar plots of mean completion ratings of musicians and nonmusicians for each of the ten subtypes. Y-axes present a range of 3 units within

the scale [1-7]. Whiskers represent the 95% confidence interval. See text for the abbreviations of the cadence categories.
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cadences selected from transitions as less complete than
those selected from the main theme, but this interaction
between formal context and music training did not
reach significance, F(1, 38) ¼ 3.10, p ¼ .08, nor did the
completion ratings differ with respect to training,
F(1, 38) < 1. However, excerpts from the HC category
were also classified according to the presence or absence
of a melodic dissonance at cadential arrival, and for
both groups excerpts that contained a melodic disso-
nance received significantly lower completion ratings
than excerpts that did not, F(1, 38) ¼ 4.5, p < .05,
�2 ¼ .15, and there was no effect of training, F(1, 38) < 1.

The completion ratings for the deceptive cadence
category revealed a significant effect of expertise,
F(1, 38) ¼ 24.0, p < .001, �2 ¼ .39, and the scale degree
at the cadential arrival significantly affected the comple-
tion ratings of nonmusicians (p < .05), as they provided
higher ratings for deceptive cadences featuring melodic
1̂ than for those featuring melodic 3̂. However, the scale
degree at the cadential arrival did not affect the ratings
of the musician group. Finally, the evaded cadence
category featured a significant effect of expertise,
F(1, 38) ¼ 28.16, p < .001, �2 ¼ .43, with musicians
providing much lower completion ratings for evaded
cadences than nonmusicians. Additionally, the harmony
at the cadential arrival significantly affected the comple-
tion ratings of both participant groups, as evaded
cadences with tonic harmony at the cadential arrival
received higher completion ratings than cadences with
non-tonic harmony (p < .05).

MOVEMENT COMPLETION AND PHRASE COMPLETION RATINGS

The movement ratings provided very few notable
results, as both participant groups featured significant
interparticipant agreement for the majority of the
excerpts, and in nearly all of those cases they strongly

disagreed that the excerpt could complete a work or
entire movement. However, the phrase ratings revealed
a significant effect of music training for the half cadence
category. Figure 5 provides a bar plot of the distribution
of the percentage of responses for each cadential cate-
gory for the statement, ‘‘this excerpt could complete
a phrase or short passage of music,’’ with musician rat-
ings above and nonmusician ratings below the x-axis.
This representation therefore visually estimates the sim-
ilarity between the two groups by evaluating the sym-
metry about the x-axis. A chi-square test was performed
to determine the minimum number of trials necessary
to reach significant agreement for each category. Thus,
out of 200 trials within each category (20 participants�
10 excerpts in each cadence category), a minimum of 68
identical responses (or 34%) was necessary to achieve
significance, �2(1) ¼ 3.89, p < .05. The horizontal dot-
ted lines above and below the x-axis indicate this min-
imum agreement threshold. The very first category in
the musician group, for example, indicates that in 85%
of all trials musicians strongly agreed that excerpts from
the PAC category could complete a phrase or short
passage of music. For the IAC and HC categories musi-
cians generally agreed with this statement, although
they generally disagreed that excerpts from the EV cat-
egory could complete a short passage. Concerning the
DC category, both groups wavered between agree (40%)
and disagree (37.5%), and although musicians mini-
mally preferred to disagree with the statement whereas
nonmusicians preferred to agree, this difference was not
significant, Mann-Whitney U ¼ 18,017, p ¼ .067, r ¼
–.09. Indeed, whereas both groups differed with respect
to the absolute percentage of agreement of their
responses, the shape of the distribution for each caden-
tial category remained fairly similar between the two
groups. In the case of the HC category, however, the
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FIGURE 5. Bar plot of the distribution of the percentage of responses for each cadential category for the statement, “this excerpt could complete

a phrase or short passage of music,” with musicians' ratings above and nonmusicians' ratings below the x-axis. The dotted line indicates the minimum

threshold necessary to reach significant agreement.
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difference in the responses of musicians and nonmusi-
cians was significant, U ¼ 13,923, p < .001, r ¼ –.28; in
over 66% of their responses musicians agreed or
strongly agreed that a half cadence could complete
a phrase or short passage, whereas nonmusicians dis-
agreed or strongly disagreed in 63% of their responses.

RHETORICAL FEATURES

The purpose of the preceding analysis was to determine
the role various cadential categories might play in the
perception of closure. To that end, five distinct cadential
categories were selected on the basis of their melodic-
harmonic content. But in selecting examples from the
extant musical literature, the stimuli fail to control for
a number of rhetorical parameters that may affect par-
ticipants’ ratings of completion (e.g., tempo, event den-
sity, a cadential trill, etc.). Indeed, the syntactic
characteristics that distinguish the cadence categories
employed in this study are frequently accompanied by
a number of other features that may also facilitate the
identification of cadences. A trill, for example, may
serve as a contextual cue that alerts the listener to an
impending cadential ending. The following analysis
therefore considers the degree to which these rhetorical
parameters might predict the participant completion
ratings. Unfortunately, the small number of stimuli
employed for this study (50) prohibits establishing a reli-
able multiple linear regression (MLR) model embracing
the vast number of musical parameters implicated in the

articulation of cadences. Nonetheless, this correlational
approach may lead to the identification of a small num-
ber of parameters (k < 6) to be examined in future
studies (Miles & Shevlin, 2001).

By considering rhetorical parameters, our assumption
was that the cadence categories alone would not account
for all of the variance in the completion ratings. Thus,
before encoding the rhetorical parameters, it was nec-
essary to determine the effect of cadence category mem-
bership in a regression model. Each excerpt’s cadential
category was encoded along an ordinal scale from PAC to
EV, following the ranking displayed in the musician com-
pletion ratings (see the completion ratings in Figure 3).
This ranking accounts for 84% of the variance in the
mean completion ratings from the musician group (stan-
dardized coefficient � ¼ .92). However, the ranking only
explains roughly 53% of the variance in the nonmusician
completion ratings (� ¼ .73). This difference in the esti-
mates of the MLR models may result from differences
in selective attention during the perception of closure, or
it may suggest that rhetorical parameters have a more
significant impact on nonmusicians.

To consider the role these rhetorical parameters
might play, 12 features were selected that characterize
(1) the entire stimulus, (2) the cadential progression,
and (3) the moment of cadential arrival (see Table 2):

1. Four features characterize the entire stimulus: the
tempo in beats per minute (Tempo), the total num-
ber of notes per second (Event Density), the

TABLE 2. Descriptive Statistics for the 12 Rhetorical Features.

Rhetorical Features M (SD) Range Mode (Frequency)

Entire Stimulus
(1) Tempo (bpm) 104 (31) 40-152
(2) Event Densitya 6.3 (2.6) 2.7-13.3
(3) Median Pitch Height (MIDI note number) 68 (5) 58-81
(4) Stimulus Duration (s) 9.6 (2.3) 5.6-16.8

Cadential Progression
(5) Completeb Present (30)
(6) Cadential Trill Absent (33)
(7) Cadential 6

4 Present (38)
(8) Cadential Progression Duration (s) 3.9 (2.3) 0.9-12.2

Cadential Arrival
(9) Melodic Dissonancec Absent (39)

(10) Metric Downbeat Present (42)
(11) � Event Densityd 6.7 (5.9) 2-23
(12) Tactus Duration (s) 0.8 (0.5) 0.2-2.3

aEvent Density refers to the number of notes per second.
bComplete refers to an authentic cadential progression that includes an initial tonic, a pre-dominant, a dominant, and a final tonic or to a half cadential progression that
includes an initial tonic, a pre-dominant, and a dominant.
cMelodic Dissonance may refer to an appoggiatura, an accented passing tone or a dissonant suspension.
d� Event Density was calculated as the difference between the sum of the events in a 1-s window preceding cadential arrival to the sum of the events in a 1s window beginning at
cadential arrival.
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median pitch height in MIDI note values (Median
Pitch Height), and the duration of the stimulus in
seconds (Stimulus Duration).

2. Three dichotomous features and one continuous
feature characterize the cadential progression: the
presence of every harmonic function within the
boundaries of the cadential progression (Com-
plete), the presence of a cadential six-four (Caden-
tial 6

4), a trill within the cadential dominant
(Cadential Trill), and the duration of the cadential
progression in seconds (Cadential Progression
Duration).

3. Two dichotomous features and two continuous
features characterize the cadential arrival: the
presence of a surface dissonance in the melody
(Melodic Dissonance), the metric location of the
final harmony, which can occur either on or off
the downbeat (Metric Downbeat), the change in
event density at the cadential arrival (� Event
Density), and the duration of the events at the
cadential arrival (Tactus Duration).

To limit the number of predictors input into the final
MLR models, correlations were calculated for each of
the rhetorical features with the completion ratings from
both groups. Shown in Table 3, intercorrelations
between the rhetorical features displayed very few note-
worthy results, with only three correlation coefficients
registering above .50. Two features in particular, Com-
plete and Cadential Trill, were not correlated with any of
the other rhetorical features. Moreover, the majority of
the moderate-to-strong correlations shown in Table 3
arose as a result of features that characterize temporal
aspects of the stimulus. For example, stimulus tempo
was correlated with the duration of the tactus at caden-
tial arrival, r(50) ¼ –.46, as well as of the stimulus as a
whole, r(50) ¼ –.36. However, the correlations between
Melodic Dissonance and two other features—Metric
Downbeat and Tactus Duration—were noteworthy, as
excerpts that contained a melodic dissonance at caden-
tial arrival also tended to emphasize the dissonance by
lengthening the duration of cadential arrival and plac-
ing it on a metric downbeat, a result that suggests
a compositional strategy to accentuate the effect of the
dissonance.

The musician completion ratings were significantly
correlated with four rhetorical features—Median Pitch
Height, Complete, Cadential Trill, and � Event Density
—and the nonmusician ratings were correlated with two
features—Median Pitch Height and Cadential Trill.
However, these correlations could simply result from
their collinearity with a third variable, the rank order

of cadential categories. It was therefore necessary to
control for cadence category membership first by cal-
culating the correlation between the completion ratings
and the rank order of cadential categories, and then
correlating each of the rhetorical features with the resi-
duals. Controlling for the effect of cadential category
resulted in significant correlations for four features with
the musician ratings—Melodic Dissonance, semi-partial
correlation coefficient sr(50) ¼ .43, � Event Density,
sr(50) ¼ .40, Cadential Trill, sr(50)¼ .35, and Cadential
Progression Duration, sr(50) ¼ .26—and four features
with the nonmusician ratings—Melodic Dissonance,
sr(50) ¼ .55, Stimulus Duration, sr(50) ¼ .30, Cadential
Progression Duration, sr(50) ¼ .28, and Cadential Trill,
sr(50) ¼ .28.

Given the small number of remaining features, a step-
wise MLR model with forward selection was fitted for
both the musician and nonmusician completion ratings
using the cadential ranking PAC > IAC > HC > DC > EV
and the rhetorical features provided above. To examine
effects of multicollinearity within the two models, cor-
relations were calculated for all of the predictors. Of the
five predictors input in the two models, only two—the
cadential ranking and Cadential Trill—were weakly cor-
related, r(50) ¼ .30, p < .05. Moreover, the mean Vari-
ance Inflation Factors calculated for the predictors in
the musician (mean VIF ¼ 1.10) and nonmusician
(mean VIF ¼ 1.02) models demonstrated very weak
multicollinearity.

Shown in Table 4, the musician model selected the
cadential rankings, Melodic Dissonance, Cadential Trill,
and � Event Density. These four predictors accounted
for 91% of the variance in the completion ratings. How-
ever, the combined size of the effect for the selected
rhetorical features was small (�R2 ¼ .07), thereby sug-
gesting that the cadential categories play the most sub-
stantial role in the musicians’ ratings. The nonmusician
model selected the cadential rankings, Melodic Disso-
nance, and Stimulus Duration, and these three predictors
accounted for 72% of the variance in the completion
ratings. Moreover, the addition of Melodic Dissonance
and Stimulus Duration significantly improved the fit of
the model (�R2 ¼ .19), indicating that the two rhetor-
ical features played a more substantial role in the non-
musician model than those selected in the musician
model.

By retaining the cadential categories, the above models
unfortunately fail to consider how features of the soprano
and bass voice may independently contribute to the per-
ception of closure, particularly at the moment of caden-
tial arrival. The claim that strategies of attention may
differ as a result of music training therefore necessitates
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a statistical approach in which the melodic and harmonic
information of each excerpt is encoded separately,
thereby permitting us to abandon the cadential categories
proper.

In order to characterize the events in the soprano and
bass voices, the mean goodness-of-fit ratings obtained
from Krumhansl and Kessler’s (1982) major and minor
key profiles were assigned to the scale degrees appearing
at the cadential arrival: these profiles are thus assumed
to signify a cognitive representation of the tonal hierar-
chy pertaining specifically to endings (Aarden, 2003).
Presumably the metric position and rhythmic duration
of the final events also affect participant ratings of com-
pletion, but in only 8 of the 50 stimuli did the cadential
arrival appear in a metric position other than the down-
beat (see Table 2). Moreover, the rhetorical feature mea-
suring the duration of the events at cadential arrival,

called Tactus Duration, was not significantly correlated
with the participant completion ratings. In noncadential
contexts, these variables might play an important role in
the perception of closure, but in these stimuli, the metric
position and rhythmic duration of the events conclud-
ing each stimulus could not be examined in greater
detail.

Before entering the tonal stability values of the
soprano and bass voices as predictors in a regression
model, the two variables were correlated to determine if
they violated the assumption of multicollinearity. In this
instance, the variables were not correlated, r(50) ¼ –.07,
p ¼ .33. Table 5 displays the model estimates. For the
musicians’ ratings, the tonal stability of the bass voice
played the most prominent role, with a final � of .73,
followed by the soprano voice in the second step. Thus,
as predicted, musicians appeared to place greater

TABLE 4. Summary of Stepwise Regression Analysis Predicting the Completion Ratings of Musicians and Nonmusicians with the Cadential
Rankings and the Correlated Rhetorical Features from Table 2.

B SE B �

Musicians
Step 1

Constant 0.85 0.21
PAC > IAC > HC > DC > EV 0.98 0.06 .92**

Step 2
Constant 0.27 0.26
PAC > IAC > HC > DC > EV 1.01 0.06 .94**
Melodic Dissonance 0.64 0.19 .18*

Step 3
Constant 0.75 0.28
PAC > IAC > HC > DC > EV 0.96 0.06 .90**
Melodic Dissonance 0.64 0.18 .17*
Cadential Trill 0.49 0.16 .15*

Step 4
Constant 0.68 0.26
PAC > IAC > HC > DC > EV 0.92 0.05 .86**
Melodic Dissonance 0.54 0.17 .15*
Cadential Trill 0.51 0.15 .16*
� Event Density 0.04 0.01 .15*

Nonmusicians
Step 1

Constant 2.20 0.30
PAC > IAC > HC > DC > EV 0.67 0.09 .73**

Step 2
Constant 1.12 0.35
PAC > IAC > HC > DC > EV 0.71 0.08 .78**
Melodic Dissonance 1.19 0.26 .38**

Step 3
Constant -0.10 0.53
PAC > IAC > HC > DC > EV 0.70 0.07 .77**
Melodic Dissonance 1.22 0.25 .39*
Stimulus Duration 0.12 0.04 .23*

Note. Musicians R2¼ .84 for Step 1; �R2¼ .03 for Step 2 (ps < .01); �R2¼ .02 for Step 3 (ps < .01); �R2¼ .02 for Step 4 (ps < .01). Nonmusicians R2¼ .53 for Step 1; �R2¼ .14
for Step 2 (ps < .01); �R2 ¼ .05 for Step 3 (ps < .01).
* p < .01 ** p < .001.
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emphasis on the bass voice at the cadential arrival. For
the nonmusician group, the tonal stability of the
soprano voice was selected in the first step, with a �
of .66. However, the difference in � weights in the final
model was marginal (�� ¼ .06), suggesting that non-
musicians were sensitive to variations in both voices at
the cadential arrival.

Discussion

The goal of this study was to explore the underlying
mechanisms responsible for the perception of cadential
closure in Mozart’s keyboard sonatas. The present find-
ings indicate that, regardless of training, listeners appear
to differentiate among the categories of genuine
cadences (PAC, IAC, HC). The harmonic and melodic
content at the cadential arrival (i.e., the syntactic para-
meters of tonal music) therefore plays a pivotal role in
the perception of closure. Moreover, both groups pro-
vided higher completion, confidence, and familiarity
ratings for the PAC category than for the other cate-
gories, providing converging evidence in support of the
claim that listeners familiar with Western music possess
a schematic representation for authentic cadential clo-
sure (Eberlein, 1997; Eberlein & Fricke, 1992; Gjerdin-
gen, 2007; Rosner & Narmour, 1992; Sloboda, 1985).

From the inclusion of subtypes within each category,
a number of conclusions may be drawn. First, the for-
mal context of the PAC category significantly affected
the perception of completion, regardless of music train-
ing, with excerpts drawn from subordinate themes
receiving higher completion ratings. Perfect authentic
cadences ending subordinate themes exhibit a number
of unique characteristics that might explain this result:
the expanded duration of the cadential progression, the
increased surface activity (usually in the form of an
accompanimental Alberti bass), and the appearance of
a melodic trill just prior to the cadential arrival. Recent
evidence also suggests that the sudden decrease in sur-
face activity at the cadential arrival may affect the per-
ception of closure (Vallières, 2011, p. 106).

Second, several results from the completion ratings
for subtypes of the IAC and DC categories suggest that
nonmusicians attend predominantly to the melody
when assessing the completion of a given excerpt. First,
they provided much higher completion ratings than did
musicians for deceptive cadences, a cadential category
that features a significant deviation from the expected
harmony at the cadential arrival. Second, they were
more sensitive to the presence of a surface dissonance
in the melody at the cadential arrival, as evidenced by
their lower ratings for that subtype of the imperfect
authentic cadence category. Finally, differences in the
melodic scale degree in the deceptive cadence category
significantly affected the ratings of nonmusicians, with
melodies featuring 1̂ receiving higher ratings than those
featuring 3̂, a result that was not replicated in the ratings
of the musician group.

Contrary to the nonmusician group, musicians
appeared to be much more sensitive to variations in
harmony at the cadential arrival, as they provided much
lower completion ratings for deceptive cadences than
did nonmusicians. Moreover, the harmony at the caden-
tial arrival in the evaded cadence category also signifi-
cantly affected musicians’ ratings. Thus, the observed
results might suggest a difference in attending strategies,
with melody playing a more prominent role for nonmu-
sicians, harmony a more prominent role for musicians.

Indeed, the regression estimates for the rhetorical fea-
tures and tonal stability values strengthen this claim, as
both the Melodic Dissonance feature and the tonal sta-
bility values for the soprano voice played a more sub-
stantial role in the nonmusician models. This finding
supports Weiser’s (1992) claim that music training may
modulate attention, whereby nonmusicians demonstrate
an attentional bias toward the soprano voice and musi-
cians appear to flexibly track between the soprano and
bass voices (pp. 40–46). There has been some empirical

TABLE 5. Summary of Stepwise Regression Analysis Predicting the
Completion Ratings of Musicians and Nonmusicians with the Tonal
Stability Estimates of the Soprano and Bass Voices at Cadential
Arrival.

B SE B �

Musicians
Step 1

Constant –1.10 0.73
Bass Tonal Stability 0.93 0.14 .70*

Step 2
Constant –4.16 0.71
Bass Tonal Stability 0.97 0.10 .73*
Soprano Tonal
Stability

0.58 0.89 .49*

Nonmusicians
Step 1

Constant 1.12 0.57
Soprano Tonal
Stability

0.63 0.11 .62*

Step 2
Constant –2.63 0.60
Soprano Tonal
Stability

0.67 0.08 .66*

Bass Tonal Stability 0.68 0.08 .60*

Note. Musicians R2¼ .49 for Step 1; �R2 ¼ .24 for Step 2 (ps < .001). Nonmusicians
R2 ¼ .39 for Step 1; �R2 ¼ .36 for Step 2 (ps < .001).
* p < .001.
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support for the claim that nonmusicians privilege para-
meters related to melodic motion, such as pitch proxim-
ity and contour, whereas musicians attend principally to
harmonic factors, such as the interval size between two
events (Vos & Pasveer, 2002). Furthermore, Loui and
Wessel (2007) have shown that these differences of atten-
tion might not be conscious. In a selective attention task,
the authors asked participants to respond to the contour
of melodies supported by harmonic progressions that
were either highly expected, slightly unexpected or
extremely unexpected. Their results suggested that, even
when presented with a task that explicitly directed parti-
cipants to attend to the contour of the melody, violations
in harmonic expectancy still influenced the behavioral
responses of musicians. Because this effect was not
observed in nonmusicians, the authors claimed that
repeated exposure to Western music results in the forma-
tion of automatic expectations to harmonic progressions
that musicians simply cannot ignore, even when asked to
attend to other features of the stimulus.

Given the emphasis placed on the bass voice in iden-
tifying and categorizing cadences in music theory, the
musician estimates for the tonal stability values in the
bass and soprano voices are therefore not unexpected. It
remains unclear, however, whether attention to bass-
line motion in cadential contexts reflects a flexible
voice-tracking strategy promoted during explicit formal
training (i.e., in a pedagogical context) or an attentional
bias formed simply through implicit exposure to Western
music, a distinction that requires further attention in the
experimental literature (Bigand, 2003). What these
results do suggest is that, when faced with an explicit
completion task, musicians appear to privilege the bass
voice, whereas nonmusicians appear to be more sensitive
to subtle differences in the soprano voice.

However, the hypothesis that differences in the com-
pletion ratings for the failed cadence categories may
result from differences in attending strategy does not
explain the significantly lower familiarity ratings from
the nonmusician group for half cadences, nor does it
explain why nonmusicians generally disagreed with the
statement that half cadences could complete a phrase or
short passage of music. Indeed, the completion ratings
also suggest a different ordinal ranking of the cadential
strength of each category for the two groups. The musi-
cian group provided the highest completion ratings for
the PAC category, followed by the IAC, HC, DC, and EV
categories, and this ranking provides empirical support
for a model of hierarchical cadential closure first pro-
posed by Caplin (1998). For the nonmusicians, however,
the HC category did not receive significantly higher
ratings than either of the DC or EV categories.

These differences reflect an inherent contradiction
underlying the concept of half cadence, namely, that
a dominant, which functions as the penultimate har-
mony in an authentic cadential progression, can appear
as the ultimate harmony in a cadential progression and
thus serve as a satisfactory goal. To be sure, a number of
scholars have implicitly supported what we have else-
where called the 1-Schema model of cadential closure
(Sears, in press), in which a number of parameters
located within the cadential progression may activate
a schematic representation of authentic cadential clo-
sure during music listening (Latham, 2009; Meyer,
1973; Schmalfeldt, 1992). The 1-Schema model assumes
that listeners generate harmonic and melodic expecta-
tions for the moment of cadential arrival, and any devi-
ation at or before cadential arrival results in a violation
of listener expectations, and thus would be experienced
as a decrease in the cadential strength of the excerpt. In
this model the half cadence category therefore repre-
sents the weakest cadential category, as a half cadence
is marked not by a deviation in the melodic-harmonic
content at cadential arrival, but rather by the absence of
that content, a theory that may help to explain the ordi-
nal ranking of the cadence categories by the nonmusi-
cian group: PAC > IAC > DC > HC > EV.

During music listening, the 1-Schema model therefore
assumes that listeners have no knowledge of the future,
and thus, of the material that may occur after the caden-
tial arrival. Yet for a listener aware of the classical style,
the material that follows instances of cadential failure
differs considerably from the material following the
PAC, IAC, or HC categories. By thwarting the expected
moment of cadential arrival, theorists typically concep-
tualize cadential deception and evasion as a kind of
derailment. And in order to attain the cadential closure
initially promised, the subsequent passage typically fea-
tures a continuation of an earlier process, sometimes
even a direct repetition of the previous cadential pro-
gression itself (Schmalfeldt, 1992). In the case of the
PAC, IAC or HC categories, however, the subsequent
passage typically entails the initiation of a new process
(e.g., a new phrase or theme).

Our results may therefore suggest that listeners aware
of the classical style have learned to expect the material
that typically follows these cadence categories. Differ-
ences in the completion ratings for the HC, DC, and EV
categories may thus result from a limit in the experi-
mental design. By imposing an artificial boundary at the
end of the cadential arrival, our findings do not consider
the degree to which the perception of closure may be
affected by the material following the cadential arrival.
Because listeners continually reevaluate and revise their
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earlier impressions, the surrounding context may be
crucial to determining the strength of a given ending.

Moreover, any attempt to model the perception of
closure in tonal music must also account for the effect
of rhetorical parameters, an approach that traditional
definitions of cadence generally do not embrace. The
appearance of a dissonance in the melody at cadential
arrival, the presence of a cadential trill, the sudden
decrease in event density at the cadential arrival, and
the temporal duration of the stimulus all significantly
affected participants’ ratings of completion. Given the
exploratory nature of the statistical approach (i.e., a cor-
relational design), however, any future investigations
considering the relative importance of these rhetorical
features must necessarily adopt a more controlled
experimental design. Additionally, by selecting excerpts
from a stylistically narrow repertoire—Mozart’s piano
sonatas—the characteristics that define closure in these
excerpts (and thus, the characteristics that may lead to
the development of learned schemata), may be idio-
matic to this composer and genre. Indeed, currently,
relatively little is known regarding the degree to which
listeners internalize conventional closing patterns that
appear in other style periods or genres (e.g., romantic,
rock, jazz).

Finally, in addition to those parameters at local time
scales for which the concept of closure seems most
apparent (e.g., melody, harmony, rhythm, meter), music
analysts also frequently apply the idea to parameters
appearing at increasingly global levels of musical organ-
ization (e.g., tonality and form). As a result, the question
as to whether listeners can perceive tonal closure across
global time spans has received a great deal of attention
in the scholarly community (Cook, 1987; Gjerdingen,
1999; Marvin, 1999; Spitzer, 2000). However, the degree
to which cadences and other ending patterns may close
entire formal sections (e.g., a sonata-form exposition)—
a claim frequently made by music theorists (see Caplin,
2004, pp. 60–61)—was not examined in the present
study. In her dissertation examining the effect of global
cues on the perception of closure, Joichi (2006) asked
participants to rate the degree of completion for musical
segments ranging from 4 to 16 measures in length. She
reported that the duration of the preceding context sig-
nificantly affected participant ratings of completion. In
the context of our stimuli, the temporal duration of the
stimulus also significantly affected the completion rat-
ings, with longer excerpts receiving higher ratings.
However, the extent to which this claim may be general-
ized to longer musical segments (e.g., sonata-form expo-
sitions, entire movements) remains unclear. Additionally,

a number of other issues concerning the perception of
closure provide avenues for further inquiry: for exam-
ple, the effect of cadential elision (i.e., an event that
simultaneously closes the preceding process and initi-
ates the subsequent process), or variations in timing and
dynamics surrounding the cadential arrival (i.e., char-
acteristics of performance).

Nevertheless, one essential goal in selecting the stim-
uli was to explore the effect of cadential failure on the
perception of closure, an issue which, to our knowledge,
has yet to be considered in the experimental literature.
Techniques for cadential deviation are a prevalent fea-
ture of the classical style and serve an important formal
and expressive function. Instances of cadential failure
could therefore provide ideal stimuli for future studies
adopting a priming paradigm, as cadential deviations
represent a violation of expectation when the listener’s
expectations are highest (Meyer, 1956). At present
a number of priming studies employ cadential progres-
sions in the expected condition, but introduce a Neapol-
itan chord at cadential arrival in the unexpected
condition, a choice which, while syntactically incongru-
ous, rarely occurs in the classical style (Koelsch et al.,
2000; 2002; 2003; 2005; Leino et al., 2007; Loui et al.,
2005; Loui & Wessel, 2007; Maess et al., 2001). Yet,
instances of cadential deception and evasion provide
ready examples of expectancy violation derived from
real music.
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SCHRÖGER, E., & FRIEDERICI, A. D. (2003). Children proces-
sing music: Electric brain responses reveal musical competence
and gender differences. Journal of Cognitive Neuroscience, 15,
683-693.

KOELSCH, S., GUNTER, T., FRIEDERICI, A. D., & SCHRÖGER, E.
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