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Expectancies generated by melodic intervals:
Perceptual judgments of melodic continuity

LOLA L. CUDDY and CAROLE A, LUNNEY
Quaen's University, Kingston, Ontario, Canada

The present. study tested quantified predictors based on the bottom-up principles of Narmour’s
(1990} imgplication-realization model of melodic expactaney against continuity ratings collected for
atone that followed a two-tone melodic beginning. Twenty-four subjects {12 musically trained, 12 un~
trained) were presented with each of eight melodic intervals—two successive tones which they were
asked to consider as the beginning of 2 melody. On each trial, a melodic interval was followed by a
third tone, one of the 25 chromatic notes within the range one cetave below to one octave above the
second tone of the interval. The subjects were asked {0 rate how well the third tone continued the
melody. A serles of regression analyses was performed on the continuation ratings, and a final model
to account for the variance in the ratings is proposed. Support was found for three of Narmour’s prin-
ciples and a modified version of a fourth. Suppuort. was also found for predictor variables based on
the pitch organization of tonal harmoni¢ music, No sigrificant differences between the levels of mu-

sical training were encountered.

The role of expectation, or the anticipation of future
events, has stimutated psychological theory and research
since the late 15th century (Carlsen, 1999). Recent re-
search related to expectancy has been conducted in arcas
as varied as linguistic processing (Aubel & Franks, 1983;
Mills, 1980}, story comprehension and memory {Brans-
ford & Johnson, 1972), and visual gerception (Coren,
Porac, & Theodor, 1986}, With respect to musie, the con-
cept of expectancy has been investigated in a number of
different contexts, including dynamic attending to music
(Jones, 1981, 1982, 1990), time estimation (Jones &
Boltz, 1989; Dowling, 1990), the generation of temporal
and melodic expectancies (Beltz, 1993), and the influ-
ence of melodic and harmonic expectancies on percep-
tion and performance (Schmuckler, 1989, 1990). The
present study continues the tradition of this research,
with specific focus on Narmour's (1990) implication-
realization model of musical expectancy.

Narmour (1990) proposes a music-theoretic appreach
to melodic expectancy in which the influences of two per-
ceptual systems—top-down and bottom-up processes—
are claborated. We acknowledge thar there are critical
issues invelved in the categorization of perceptual pro-
cesses in this way (see, ¢.g., Dodwell, 1993) but we retain
Narmour’s terminology for two reasons. First, Narmour
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identifies the bottom-up processcs with quantitative
principies that are amenable to psychological test. In the
present study, we evaluate the quantification and appli-
cation of five bottom-up principles. Second, Narmour’s
distinction between processes is compatible with two
different focuses ol research in the psycholegy of music
and, indeed, in psychology in general—focus on “the
use of sensory :nformation in pattern recognition’ as dis-
tinet from focus on “the use of the context of the pattern
as well as general knowledge in recogrition” (Anderson,
1990, p. 48). Narmour’s distinction between bottom-up
and top-down processes i3 alse compatible with Dowl-
ing’s (19907 description af-two kinds of expectancies:
those which “our perceptual systems and brain expect
and process automatically” and those which are “the nat-
ural gucgrowth of our abstracted, explicit knowledge of
the world” (p. 148).

Rescarch on battom-up processes of perception has
been strongly influenced by the work of Gestalt psy-
chologists, whe proposed that we respond innately and
automatically to organized patterns of sensory input
without influence from leamning (Wertheimer, 1923, cited
in Deutsch, 1982). Traditional Gestaltists explain per-
ceptual grouping by presuming the recognition of pre-
existing, unified wholes, whose siructure and meaning
are defined by the operation of the nervous system rather
than by the sensations themselves. The Gestalt law of
Priignanz (good figure) states thai psychological organi-
zation will always be as “good™ as possible. The main
probiem associated with this “'bolistic™ approach is the
difficulty of providing a clear, unambiguous, noncircu-
lar, and hence testable definition of “goodness” of form
(Pomerantz, 1581).

However, according to Meyer{1956), “it is possible to
accept the empirical data, the laws, discovered by Gestalt
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psychalogists without adopting the hypothetical expla-
nations furnished by the theory” (p. 83). The laws to
which Meyer is referring consist of a number of group-
ing principles that operate at a local level. These include
proximity, defined as the tendency for elements near to
each other to be grouped together; similarity, the tendency
for elemnents that share important physical attributes to be
grouped together; and common fate, the tendency for el-
ements moving in the same direction to be grouped to-
gether (Schiffman, 1990). These bottom-up principles
have the advantage of being objectively definable and
empirically testable (Garner, 1981; Pomerantz, 1981),
Although originally conceptualized in terms of visual
perception, the concepts have been successfully adapted
to explain auditory grouping phenomena, such as the
emergence of melodic lines, grouping by timbre, and a
number of auditocy illusions (Bregman, 19940; Deutsch,
1982; Dowling & Harwoed, 1986).

In addition to these perceptual grouping principles,
the perception of music is also influenced by learned or
top-down processes. It has been proposed that, through
specific musical training as well as informal experience,
listeners acquire knowledge about the structural signif-
icance and relative importance of elements within the
music of their culture (Krumhansl, 1990). The influence
of learnmg £n music pEl‘CEpthl‘l can be addressed bv
comparing aspects of listene - 2 25 1S AU Wi
the formal organizanonal structure descrived by music
Heury (see, e.g., Berry, 1976).

Much of the research in this area has focused on the
Western tonal-harmonic idiom because of the wide
availability of listeners with extensive exposure to this
music and the large amount of music-theoretic work as-
sociated with it (Krumhansl, 1990). Of particular rele-
vance to the study of melody is the traditional descrip-
tion of the organization of notes with respect to a given
key (Meyer, 1956}. The principal feature of this organi-
zation is the categorization of notes into four levels of
structural importance and stability. First, the tonic {doh)
is considered the most important and stable note. It is
followed, second, by the other notes of the tonic triad
{the fifth note of the scale, cailed the domirany, and the
third note of the scale, called the medianf). Third in im-
portance are the remaining scale notes in the key of the
tonic. Fourth, least important and least stable, are the
notes outside the key. An obvious question is whether
listeners are sensitive to and are influenced by this “tonal
hjerarchy” (Krumhansl, 1990). Studies using a probe-
tone technique, in which subjects are asked to rate the
goodness-of-fit of each note of the chromatic scale rel-
ative to a key-defining context, have provided evidence
to suppert the existence of a cognitive schema corte-
sponding to the hierarchy defined by music theory (e.g.,
Cuddy & Badertscher, 1987; Krumhansl, 1990; Krum-
hansl & Kessler, 1982), This abstract system of knowl-
edge gained through exposure to a musical siyle may fa-
cilitate memory, comprehension, and performance of
music and may lead to expectations about future events
(Palmer & Krumbansl, 1990}.

Narmour’s Theory of Musical Expectancy

Eugene Narmour’s (1990) theoretical work has its
roots in Leonard Meyer's (1956) theary of affective re-
sponses to music. Meyer proposes that the same basic
psychologicai processes underlie all affective responses,
including those 10 music. He explains that emotion is
aroused “when an expectation—a tendency to respond—
activated by the music stimulus situation, is tempararily
or permanently blocked” (p. 31). In addition to denying
expectancies, music provides meaningful and satisfying
resolutions for these denials; resolutions are pleasing.
Expectations are developed “in connection with partic-
ular musical styles and of the modes of human percep-
tion, cognition, and respense—the psychological laws of
mental life” (p. 30).

Building on Meyer's work, Narmour {1989, 1999,
1991} developed the implication-realization model; as
noted above, it outlines both bottom-up processes of ex-
pectation, which are “automatic, unconscious [and] pre-
programmed” (Narmour, 1991, p. 3), and top-down pro-
cesses, which are influenced by prior learning. The
bottom-up system generates expectancies based on
Gestalt-like principles. Although Narmour draws heav-
ily on Gestait theory, he attempts to aveid logical diffi-
cuities by rejecting the Gestalt premise of preexisting
wholes, while maintaining the testable concepts of local
pattern organization. The bettom-uyp principles are as-
sumed to be universal in their generation of melodic ex-
pectancies, although their presence may be modified by
stylistic factors. Narmour (1990) argues that the top-
down and bottom-up systems are separate and indepen-
dent so that conflicting expectations may be generated
both between and within them.

Narmour’s implication-realization model deals with
many complex aspects of musical structure and percep-
tion. The present article deals with a specific component
of the model—the description and quantification of low-
level, tone-to-tone expectancies for melodies. Two suc-
cessive topes of a melody form what is called a melodic
interval, and, according to the model, melodic intervals
vary in the degree of nonclosure which they convey. An
unclosed interval, termed an implicative interval, is said
te generate expectancies for what tone will continue the
melody. The tone that follows the unclosed interval
forms a melodic interval between the second and third
tone, termed the realized interval. The expectancies gen-
erated by the implicative interval have been operational-
ized by Narmour (1990} as five bottom-up, Gestalt-
based principles of continuation: registral direction,
intervailic difference, registral return, proximity, and
closure.

Many of Narmour’s basic concepts have been outlined
in an elegant summary by Krumhans] (1995; see aiso
Krumhansi, 1991), from which we have selected those
which apply directly to the present study. Table 1 pro-
vides a general definition of each of the five bottora-up
principles; the definitions have been abstracted from
Krumhansl (1995). Figure 1 (from Krumbansl, 1993)
shows a corresponding diagram for cach of the five prin-



ciples along with the guantitative predictor variables
used in the data analysis of the present research. Each di-
agram in Figure [ is a grid with the size of the implicative
interval represented along the vertical dimension and
the size and direction of the realized interval represented
along the horizontal dimension. The numerical code within
the diagram represents, according to the model, the de-
gree to which the realized interval fulfills the expec-
tancy generated by the implicative interval,

For every size of implicative interval, each possible
realized interval can be classified as to whether ot not
it fulfills the implications generated by the five differ-
ent bottom-up principles. The implicative intervals are
divided into “small” intervals, of five semitones or less,
and “large” intervals, of seven semitones or greater. (The
implicative interval of six semitones—1the tritone—must
be disambiguated by context, and is not studied here.}

As an example, consider the implicative interval Cy-
E#,. This is an interval of three semitones, caifed a minor
third, and it is considered a “small” interval. Suppose 1t
is followed by the note F,, which forms a realized inter-
val (Eb~F,) of two semitones, called 2 major second.
The realized interval continues the pitch direction (as-
cending) of the implicative interval, Each interval may
be located on the appropriate axis of each chart of Fig-
ure 1. Next, the intersection of the twe intervals may be

Table 1
Narmoaur’s (1990) Bottom-Up Principles
of Melodic Expectancy

Principle implication Generated Definition

Registral Small intervals imply a Up—up, down—down, and

direction continuation in the same  lareral-lateral pattemns of
direction implicative and realized
Large intervals imply a intervals are considered to
continuation in the oppo- be i1 the same direction
site direction

Intervallic  Small intervals imply a A similariy sized Gontinu-

difference  realized interval of a sim-  ation is =3 semitones
Var size when direction is the
Large intervais implya ~ Same, 2 semitones
realized interval of a when direction changes
smaller size

Registral Implies a retarn to the A continuation of within

return pitch region of firstnote  two semitones of the first
of the implicative interval note of the implicative
for both small and large interval is considered a
intervals refurn

Proximity A general implication for A continuation of five
small intervals semitones or less is con-

sidered proximate
Closure Closuze ig realized There are three levels

(1) when pitch contour
changes direction, and/or
(2) when a large interval
is followed by a smaller
one

correspording to fulfill-
ment of nejther Condi-
tion 1 nar Condition 2,
either Condition | or
Condition 2, ar both Con-
ditions | and 2
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Realized Interval {Semitones)

Diiferent Diraction Same Direction
1"
1 0
Registral s c-----3J----Z-3
Direction I
0 1
o i
H k] 12
o 1 |1 :"'JJ 0
Intervallic = =-L - et
Difference 0 1 { 1’_'_,_,3 0
g U" 11
Registral 3
Return g °1{;L\‘:::1% 0
E
E:
12
Proximity o 0 hljalbleisldeizh| o
o
iz 2
;
2 1
Closure * b o
0’*@%——
12

¥igure L. Maroowr’s (1990) bottom-up principles as quantified by
Krumhansl (1995), From “Musie Psychology: Influences From
Music Theory” by C. L. Krumhansl, 1945, Music Theory Spectrun,
17,53-80. Copyright 1995 by the Soclety for Music Theory. Reprinted
with permission.

located within the chart. If the point of intersection falls
in an area centaining a nonzero code, the expectancy
generated by the principle is said te be fulfilled, (Note
that for the principles of proximity and closure there are
graded values of fulfillment.) For the example, C~Eb—
F,, the expectancies generated by registral direction, in-
tervallic difference, and proximity are fulfilled,
Alternatively, consider the implicative interval B
C.. This is an interval of nine semitones, called a major
sixth, and it is considered a “large” interval. If it is ful-
lowed by the note F,, the size of the realized interval, C;—
F,, is seven semitones (a perfect fifth), and the pitch di-
rection is different from that of the implicative mterval.
Inspection of the charts in Figure 1 reveals that, for this
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second example, Eb~C,-F,, the expectancies generated
by registral direction, regisiral return, and closure are
fulfilled.

There are three main predictions that can be made if
Narmour’s bottom-up principles are influencing melodic
expectancies on a tane-to-tone level. The first is that the
pattern of expectancies should depend on the size of the
preceding implicative interval. Second, any given im-
plicative interval should generate expectancies for a set
of continuations (rather than one specific continuetion),
since different expectancies are generated by each prin-
ciple. Finally, since these principles are assumed to be
independent of style and musical experience, there
should be no differerces in their operation as a function
of music training or exposure.

Experimental Investigations With
Melodic Beginnings ‘

Narmour (1990} acknowledged that there are situa-
tions in which both top-down and bottom-up processes
might be operative, and situations in which one process
might deminate the other. In ambiguous situations, such
as at the beginning of melodies, he propased that bottom-
up processes would dominate. Thus, to evaluate bottom-
up principles io accordance with Narmour's modei, it is
appropriate (o start with the study of continuations for
meladic beginnings.

Carlsen (1981) and Unyk and Carlsen (1987) investi-
gated the melodic expectancies generated by melodic
beginnings. Catlsen (1981) tested subjects from Ger-
many, Hungary, and the United Siates who werc in either
an early or an advanced stage of professional music
training. The subjects were presented with 25 melodic
intervals—the 12 ascending and 12 descending equal-
tempered intervals within the octave, plus the unison.
They were asked 16 consider each interval as the beginning
of a melody and were instructed to sing the expected
continuation of the melodic beginning. To determine the
subjects’ expectancies generated by the melodic begin-
ning, Carisen (|981) examined the interval berween the
second tone of the melodic beginning and the first tone
of the sung response. The study by Unyk and Carlsen
(1987) included 4 partial replication of Carlsen (1981)
with U.S. music majors and facuity.

in both studies, it was found that different melodic
beginnings gencrated different expectancies of varying
strengths, as measured by the rank ordering of frequency
of oceurrence for different continuations, This finding is
consistent with Narmour’s (1990) assertion that different
impiicative intervals generate different patterns of ex-
pected contipuations, There was also an overal} tendency
for subjects to produce small continuation intervals, as
predicted by Narmout's proximity principle. Carlsen
{1981) noted an absence of significant differences across
the two levets of training. This absence supports the idea
that certain aspects of melodic expectancy are pot depen-
dent on expenence (although it should be noted that both
groups wete highly trained). Certain differences be-
tween different cultural groups were reported by Carlsen

(1981). The overall agreement ameng subjects in the
two studies, however, was considerable, and it suggests
the presence of common principles guiding, at least in
part, judgments of melodic expectancy. Carlsen (1981)
urged the collection of a general music expectancy data-
base so that thegries of expectancy could be empirically
tested.

The present study was designed to explore the impli-
cation-realization model for melodic expectancy. As in
the procedure of Carlsen (1981) and Unyk and Carlsen
{1987), melodic intervals were used as the stimulus con-
text—that is, as melodic beginnings. However, a per-
ceptual task rather than a production task was employed.
Perceptual tasks are a particularly important compie-
ment 2o production tasks in musical expectancy research.
In music research, production tasks usually cestrict the
choice of subject population to trained performers (for
further discussion, see Schmuckles, 1989, 1990), whereas
perceptual tasks can be employed with novice listeners.
Moreover, Narmour (1990) provides predictions for the
refative strengths of all possible continuatians, not just
those that are likely to be sung. Therefore, we selected a
perceptual rather than a production task in order to eval-
uate the strength of each of an exhaustive set of contin-
uations over the range of two octaves.

Eight meledic intervals {(1wo small and two large in-
tervals, in bath ascending and descending order} were
presented to both musically trained and untrained lis-
teners. They were asked to consider each interval as the
beginning ef a melody, and to rate how well each of the
possible chromatic tones within an octave above and
below the second note af the interval continued the
ruelody. There was, therefore, an orthogonal combina-
tion of eight implicative intervals and 25 realized inter-
vals—-yielding 2 set of 200 three-note patterns. These
patterns provided instances of both the fulfillment and
the nonfulfillment of expectancies for each of the five
bottem-up principles iliustrated in Figure 1

The continuation ratings were considered a measure
of the extent 1o which the expectancies generated by the
implicative interval was fuifilled by the realized inter-
val. The notion of continuation is central to Narmour's
(1989, 1990, 1991) proposals; “melody frequently gen-
erates conscious and subconscious expectations as to
what continuation seems most probable™ (1989, p. 46).
In such a minimal context as that tested here, judgments
of continuity should reveal the inlluence of bottom-up
factors such as those proposed by the implication-
realization model.

METHOD

Subjects

Twenty-four undergraduate students at Queen's University par-
ticipated in this study. Twelve musicaily trained subjects (9 fe-
males and 3 malcs) were recruited through a subject pool at the
School of Music a1 Queen’s University. Musie training was de-
fiped as Grade IX Royal Conservatory of Music training or en-
rgllment in the 2ud year or higher of the Bachelor af Music pro-
gram. These musically trained subjects ranged in age from 19 10



22 with 2 mesn age of 20.8 years, and they had a mean of 13.2
years of musical training (S0 = 2.4). They were paid $7 for thesw
participation. Twelve musically untrained subjects (10 females
and 2 males) were recruited through the Introductory Psychology
Subiect Pool at Queen’s Universily. Musically untrained subjects
ranged in age from 18 1o 22 with a mean age of 19,4 years, und had
4 mean of 1.9 ycars of musical trzining (SD = 1.5). They were
Riven course eredit for their participation.

Stimutns Materials

Light intervals (four interval sizes X two directions of presen.
lation} were chusen as representative of smal! and large intervals
as defined bty the implication-realization model. These intervals
were the implicative intervals for the experiment. The smail inter~
vals consisted of a majar second (2 semitones) and 2 minor third
(3 semitones). The large wteivals consisted of a8 major sixth (5
semitones) and a minor seventh {10 semitones). Each interval was
presonicd in its ascending and desconding form. In addition, rwo
versions of each of the eight intervals were created: one for whieh
the second tone of the interval was C4, and one for which the sec-
ond tone was F#,. The notes C and F# represent two highly unre-
lated keynotes (Krumhansl, 1990). The presence of unrelated
keynetes was inlended to discourage subjects from developing a
1op-down sense of tonality for the entice experiment. Tablc 2 lists
all the intervals used as implicalive (ntervals.

The implicative interval was presented as a long-short duration
pattern {dotted half-note followed by a quarter note) and a strong--
weak accent pattern. Specifically, the duration of the first wone,
1.2 sec, was three times as long as that of the second tone, 0.4 sec,
and the amplinde of the first tone was 40% greater ther that of the
second. These manipulations were intended 1o greate a sense of
4/4 meter that would continue from the first measure (containing
the iaplicative interval) to the next measure (comaining the con-
tinuiation tone}, Continuation tones consisted of ail 25 tones from
one octave below 1o one nctave above the second tone of the im-
plicative interval (from either C, 1o C, or F4, 10 F&;), Each contin-
uation tone was 0.8 scc in durarion and was equai in amplitude to
the second tone of the imyplicative interval. The total duration af
each three-tone pattern was 2.4 sec. All stimulus materials wers
created wiih the Cakewalk Professional software for Windows
(Hendershotr, 1990).

Apparatus

Subjects were tested m a soundproef boath in the Accustical
Laboratery of Queen’s University, Presentation of tones and col-
tection of responses were controlled by a Zenith Z-200 computer
running software written by Fahir Ergincan. Tones were generated
by a Yamaha TX-802 synthesizer, set ro “wood pisno,” and con-
nected to the Z-200 computer through a Roland MPI-401 intec-
face. Subjects heard the trals throngh Monitor Audio R252 speak-

Table Z
Large and Small Implicative Intervalr Endiag ¢n C and P
Second Note
Interval Direction C F#
Major second Ascending Bh—C, E,-F4,
Descending D,-C, G¥-F2,
Minor third Ascending Ay-C, D}-Fi,
Descending Er,C, A -F¥
Major sixth Ascending Eb-C, A4,
Descending AC, DH-TF4,
Minor seventh Ascending Dy-C, G¥-Fi,
Descending BL—C, E.-F¥,
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<rs at a comfortabie loudness level (approximately 50-635 d8
SPL).

Procedure

After having consented to participate an the experiment, the
subjects were seated in front of'a terminal in the seundpraaf heath.
Instructions were given both verbally and presented on the com-
puter screen. The subjects were tald that, en each triai, they would
hear a two-noie pattern which they were to consider as the begin-
ning of a melody. They were then told that this melodic beginning
would be followed by a test 1one, and that they were to rate how
welf the test tone continued the melody on a scale from 1 (ex-
tremely bad continuation) to 7 (extremely goad continuarion). [t
was stressed thal they should try 1o use the full range of possible
ratings. The subjects were told that there would be cight different
melodic beginnings and a series of test tones for each beginning.
A prachce nterval (not used in the rest of the investigation) was
prescnted with five different continuation tanes in order ta famji-
iarize the subjects with the task, after which any additional ques-
tions were addressed.

The experiment consisted of eight blocks of 27 trials each. The
first 2 trials of each block were considered praciice and weze not
censidered in the data analyses. One of the implicative intervais
was tested in each block Each tnial in each block consisted of the
implicative interval followed by a randomly selected continuation
tone, after which the subjects were prompted by the computer to
rate how well the fone continued the melodic heginning. O sub-
sequent trials of a block, the same implicative interval was fol-
lowed by a different continuation tone selected randomly withoul
replacement from the set af 25 continuation tones. The pace of
presentation was determined by the subject

The order of presentation of the blecks (implicative intervals)
was randomized for each subject with the constraint that ne con-
secutive blocks contain implicative intervals that started or ended
on the same note. Each subject heard haif of the implicative inter-
vals ending on £, and hatf eading on Fb, {in an atlempt, as noted
ahave, ta discourage a key bias). After completing all 200 trials,
the subjects were informed af the purpose of the study. Each ex-
perimental session lasted approxgmately 50 min,

RESULTS

The collected data yielded 20{ continuation ratings
for each subject—25 ratings for each of eight implica-
tive intervals. The mean continuation rating for each
continuation tone for each impiicative intervai, calcu-
fated separately for the musically trained and the un-
trained listeners, is given in the Appendix. The correla-
tion between mean continuation ratings for trained and
untrained subjects was .88 (df = 198, p <.001), indicat-
ing a high degree of similarity in responses for the two
groups.

Te determine the extent of intersubject zagreement, the
200 continuation ratings for each subject were corre-
lated with those of every other subject. The overall mean
intersubject correlation coefficient was .38, with a range
of —.05 to.7]. Of the 276 pairwise intersubject correla-
tions, all but 14 were statistically significant (df = 198,
with at least p < .03). OFf these 14 nonsignificant corre-
lations, 1D involved a single trained subject. (This sub-
ject was not, however, excluded from the subsequent
data analyses, becanse there was no apparent reason to
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reject the subject.) The mean intersubject correlation for
musically trained subjects was .41, with a range of — .01
to 59. The mean intersubject correlation for musically
untrained subjects was .35, with a range of .06 to .62,

A three-factor mixed analysis of variance {ANOVA)
was conducted on the coatinuation ratings (Keppel,
1991), The between-subjects factor was musical training
with 2 levels, and the within-subjects factors were con-
tinuation tone with 25 levels and implicative interval
with 8 levels. The ANOVA was conducted as a further
check, preliminary to model testing, that differences
among continuaticn ratings were reliable fer both train-
ing groups.

There was a significant main effect of continuation tone
[F(24,528) = 39.73, p < .0001], a result indicating that
there were differences in the mean ratings for each of the
25 continuations cellapsed across the melodic beginnings.
As expected, there was only one significant interaction,
continuation tone X implicative interval [F(168,3696) =
7.14, p < 0001}, a result indicating that the ratings as-
signed to the 25 continuation tones depended on the type
of preceding implicative interval. The lack of significant
interactions with training indicates, as does the correla-
tion belveen training levels reported above, a strong
correspondence betwaen the responses of the musically
trained and the untrained subjects.

Although the interaction between continuation tone
and implicative interval was significant, as predicted by
the implication-realization model, the interaction does
not necassarily raflder s influence of the opertion of
Narmour’s {1990, 1591) bottom-up principles. A series
of models was therefore examined, and each mode! was
tested through multiple tegression analysis. The first
model assessed the five bottom-up principles of the
implication-reatizetion model. Subsequent models as-
sessed other factors to account for variance in the data,
including factors reflecting top-down processes of tonal
organization. Because no significant differences were
found between trained and untrained subjects and the
degree of intersubject agreement was high, the 25 con-
tinuation ratings for each interval were averaged across
subjects and levels of training. The dependent vanable
for the regression analyses was a vector of 200 ratings
corresponding to the mean continuation ratings for
each combination of continuation tone and implicative
interval.

The first multiple regression analysis is summarized
in Table 3. The five bottom-up principles of the impli-
catipn-realization model (registrzl direction, intervallic
difference, registral return, proximity, and ciosure) were
entered as predictors of the averaged continuation rat-
ings. These predictors were quantified according to the
charts in Figure 1. The fit of the model 1o the data was
highly significant, accounting for approximately 29%
of the variance in the mean ratings (R = .54, p <.0001).
Of the five principles entered, the beta weights for regis-
tral refurn and proximity were both significant, atthe p<
01 and p <001 levels, respectively, and the beta weights
for intervallic difference, registral direction, and closure

Table 3
A Summary of the Multiple Regression Analysis With
Narmour’s (1990} Five Bottom-Up Principies

Predictor g t P
Registrai direction 09 1.52 <[4
Intervaliic difference A7 1.83 <07
Registral return 16 261 <0l
Proximity 30 140 <001
Closure 12 1.71 <09

Note—Overall model: R = .54; F(5,194) = 15.57, p < .0001.

approached significance. The predictors of intervallic
difference and registral direction were significant in
subsequent analyses, but the predictor of closurc was
not, Closure will be dropped from further discussion.

In the next step of model testing, four principles were
retained, but the predictor of registral direction was
modified. Examination of the residual variance revealed
that registral direction seemed to be operating for large
intervals only. A new predictor was created, which con-
tained zeros for the small intervals and the original pre-
dictions for the large intervals. A predictor named piich
height was created, based on the observation that ratings
tended to increase as the pitch height of the continuation
tone increased. For the pitch height predictor, continua-
tion tones were ranked in order from 1 (for the lowest
continuation tone} to 25 (for the highest continuation
tone). The lowest continuation tone was one octave below
the second tone of the implicative interval, and the high-
2gt continuation tone was one octave above the second
tone of the implicative interval,

Tonality predictors were also included at this step.
The tonality predictors tested the assumption that each
tone of the implicative interval was perceived as a key-
note or tonic. If 5o, continuity ratings could be based, in
part, on the degree to which the continuation tone fit the
tonal hierarchy of the tonic note. Four tonal hierarchy
predictors were constructed: (1) the tonal hierarchy of
the major key for the first note of the implicative inter-
val; {2) the tonal hierarchy of the major key for the sec-
and note; {3) the tonal hierarchy of the minor key for the
first note; and {4) the tonal hierarchy of the minor key
for the second note. The entries for these tanal hierarchy
predictors were based on the quantification of the tonal

Tabie 4
A Summary of che Multiple Regression Analysis With Revised
Narmour {1990) Principies, Pitch Height, and
Tonal Hierarchy Predictors

Predictor ] ! £
Repistral direction (revised) 11 198 <05
Intervallic difference .29 ] <00
Registrai retarn 16 2.99 <.0l
Proximity 24 320 <.01
Pitch height .26 509 <.0001
Major tonat hierarchy, 18t note 10 1.52 =
Major tonal hierarchy, 2nd nete A6 2.52 .02
Mingr tonal hierarchy, Lst note 22 .77 <00
Minor tonal hierarchy, 2nd note 16 2.36 <.02

Note—Overall model: R = .70; F19,190) = 20.75, p < .000L.



hierarchy collected by Krumhans) and Kessler (1982)—
the values are available in Krumhansl (1990, p. 37).

A summary of the analysis is contained in Table 4.
This model accounted for 49% of the variance in sub-
jects” averaged retings (R = .70, p < .0001}. All of the
beta weights for the predictors were significant, with the
exception of the beta weight for the first tonality predic-
tor (p <.11).

The next stage of the model testing involved the cre-
ation of a second type of tonality predictor. The tonality
predictors in the previous model were derived from the
assumnption that the individual tones of each implicative
interval instantiated the tonal hierarchy of the keys for
which these tones were the 1onic notes. It is also possi-
ble that the pattern of the three tones presented on each
trial conveyed a sense of tonal reladonship. If this (s 5o,
the strength of the tonal relationship would vary with the
particular combinatien of implicative interval and con-
tinuation tone. A predictor named tonal strength was
derived from the assumption that the rating of a contin-
uation tone would be influenced by the degree ta which
the pattern of three tones suggested a tonality.

Using 2 key-finding algorithm developed by Krum-
hansl and Schmuckler (in Krummhansl, 1990}, input vec-
tors containing duration and pitch values for each of the
200 three-note patterns were correlated with tonal hier-
archy vectors for every major and minor key. The high-
est significant correlation (with at least p <.10) between
the input vector and the tonal hierarchy vectors for each
three-note patiern was used to create a tonal strength

- predictor. A zero was entered for a paitern if there were
ne significant correlations for tha: pattern. Thus, the
tonal strength predicior was a measure of the extent to
which the three notes on a given trial “fit together”
tonaily. This predictor, added to the model above, was
significant, and the amount of variance accounted for
was incremented (R = .73, p < .0001). The analysis is
summarized in Table 5.

Even with tonal strength added to the regression, al-
most half of the variance was still unaccounted for. A
third type of tonality predictor was explored. Here it was
assumed that, because each implicative interval coutd

Table 5
A Summary of the Muldple Regression Analysis With Revised
Narmour (1990) Principles, Pitch Height, Tonal Hierarchy
Predictory, and Tonal Strength Predictor

Predictor A t p
Registral direction (revised) 0% 1.75 <09
Intervalilic difference 27 146 <001
Registral return 22 4.058 <001
Proximity 27 367 <.001
Pitch height .26 5.7 <0001
Major tonal hierarchy, 1st note 03 .47 <.§5
Major tonal fierarchy, 2nd note 14 223 <03
Minor tonal hierarchy, 15t nate 13 220 <03
Minor tonal hierarchy, 2od aole 12 1.64 <06
Tonal strength 25 4,08 <001

Note—Overail model: ® = .73; F(10,18%) = 21.88, p < 0001,
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Table 6
A Summary of the Multiple Regression Analysis With Revised
Warmour (1990) Principles, Pitch Heigbt, Tonal Streagth
Predictor, and Tonal Region

Predictor B 3 2
Registral direction {revised} I 2.47 <02
Intervallic differcnce 25 3194 <001
Repistral return 18 382 <001
Praximity 28 449 <.0001
Pitch height .28 6.49 <.0001
Tonal strength 13 253 <.02
Tonal region 47 9.52 <.0001

Note—overall model: & = 30; £(7,192) = 45.85, p < .0001.

belong to several keys, a nurnber of different major and
minor keys might be weakly implicated by the interval.
This assumption differs from the assamption underlying
the tanal hierarchy prediciors of previous models, which
are based on the specific hierarchy of the key of one or
both of the notes of the impiicative interval,

The quantification of the third type of tonality pre-
dictor was suggested by Krumhans] (personal commu-
nication, June 18, 1993). First, all possible major and
(ratural) minor keys in which each implicative interval
could occur were listed. Next, each continuahon tone
was coded according to whether it was a possible tonic
for the preceding interval. That is, the continuation tones
that were the tonic of major or natural minar keys that
contained the twe notes of the implicative interval were
coded as 1" and all other continuations were coded as
“0.” This predictor was named tona! region, becanse it
suggesis that a region, or subset, of keynotes is instanti-
ated by the implicative interval rather than the specific
hierarchies of the notes contajned in the interval.

A final multiple regression was conducted and is
summarized in Table 6. In this apalysis, the predictors
entered were the four bottom-up predictors from Table 4,
plus pitch height, tonal strength, and tonal region. (Iran
intervening step, it was found that the tonal hierarchy
predictors of Table 4 could be dropped without any sig-
nificant loss in prediction.) The overall model accounted
for 64% of the vartance in mean contihuation ratings
(R = .88, p<.0001). All seven beta weights for the pre-
dictors were significant at the .001 level.

As a measure 9f ¢onsistency, this final model was
then fit to the contipuation ratings for each individual
subject. The overall model provided a sigaifican fit to
the data for each subject (at the p < .0001 level for 23
subjects, and the p < .008 level for the trained subject
with the low intersubject correlations), witha mean R =
.60 (range of R = .31 10 .79). Of the predictors. the beta
weight for the tenal region predictor was most consis-
tently significant (for 22 of the 24 subjects, p < .05}, fol-
lowed by pitch height (for 16 of the subjects), registral
return and proximity (for 13 of the subjects), intervallic
difference (for @ of the subjects), registral direction (for
7 of the subjects), and tonal strength (for 6 of the sub-
jects). The mean beta weight for cach predictor in the
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final model was found to be significantiy different from
zero; this analysis is summarized in Table 7.

As a final check for any differences between the mu-
sically trained and untrained groups, the mode] was also
tested against the mean ratings separately for the two
groups. The fit of the model was highly significant for
both groups (for the musically trained group, R = .75,
p<.0001; for the untrained group, & = .81, p < .0001),
and all of the beta weights for each predictor were sig-
nificant. The two solutions were, in fact, virtually iden-
tical to the overall model presented in Table 6—a not
surprising result, given the high degree of agreement
between the data for the two training groups. Thus both
the influences of the bottom-up principles, as revised in
the final model, and the tonal predictars wers revealed
for both groups.

The next analyses involved examining the relation be-
tween the mean continuation ratings of the present study
and the production data collected by Carlsen (1981). The
Carlsen (1981) data consist of the frequency of occur-
Tence—ofr, equivalently, percentage—of tones sung by
%1 musically trained persons as continuations of each of
25 two-note melodic patterns, The rank-order correla-
tion between the present data and the Carlsen data for
the implicative intervals tested here was .66 (df = 198,
P <.001). :

The ranked Carlsen data were regressed on the five
bottom-up principles as proposed by Narmour (1990;
Table 3) and the predictors {57 the final model for the pre-
sent data (Table 6). The model based on the Tive bottom-
up principies provided an excelient fit to the data (R =
.83, p <.0001). Beta weights for all predictors were sig-
nificant. The final model provided a slightly better fit
(R = .87, p < .0001). The bottom~up principles, as en-
tered in the final model, were significant predictors.
Pitch height was not significant. The tonality predictors
of the final model were significant and added a stight in-
crement in the variance accounted for beyond that
accounted for by the Narmour principles of the final
model.

It may be concluded that there is good agreement be-
tween the present perception data and the Carlsen (1981)
praoduction data. With some caution, because of the dif-
ferences in the dependent measures, it may be tentatively
concluded that the influence of the bottom-up principles
was somewhat more evident in the production data, and
the influence of the tonality predictors was somewhat
more evident in the perception data.

Table 7
A Summary of the ¢ Tests Comparing the Mean 3 Weights
of ive Final Mudel for Al 24 Subjects to Zero

Predictor Mean g Weight : P
Registral direction (revised) 07 4.68 <001
Intzrvallic difference .16 134 <001
Registral refurn 11 592 <401
Proximity 17 5.33 <801
Pitch height A8 445 <0
Tonal strength 08 4.36 <001
Tonal region 3 9.50 <001

DISCUSSION

In this study, we evaluated the five bottom-ug princi-
ples of Narmour’s (1990) music-theoretic model of im-
plication-realization as predictors of listener’s melodic
expectancies. Quantified predictors were tested against
continuity ratings cellected for a tonc that followed a
two-tone melodic beginning. A series of regression analy-
ses was conducted on the ratings, beginning with the test
of the bottom-up principles. Subsequent regression
analyses examined additional influences on the continu-
ity ratings and included 2 test of guantified predicters
based on the Western tonal-harmonic idiom.

There were three main findings. First, there was sup-
port for three of Narmour's (1990) five principles of tone-
to-tone melodic expectancy—intervallic difference,
registral return, and proximity—and support for a mod-
ified version of a fourth principle—registral direction.
Second, there was support for Narmour's (1999) asser-
tion that the eperation of the hottom-up principles of ex-
pectancy is independent of experience, at least for the
range of experience tested here. Third, there was evi-
dence that, in addition to the principles proposed by the
implication-realization model, there was a strong influ-
ence of perceived tonality on continvation judgments.
This infiuence --as quantified by the predictors of tonal
strength and tenal region—was also not specific to far-
mal musical training.

Despite the support that was found for the implication-
realization model, the present findings also raise some
questions about its present formulation. First, the pre-
dictor of registral direction was operative for large in-
tervals only. Second, there was no support for the influ-
ence of principie of closure. It was also noted that pitch
height accounted for a significant amount of varance in
continuity ratings. Although this is not a predictor in
Narmour's {1999) model, it might alse be considered as
a bettem-up influence on melodic expectancy.

These findings urge several lines of further work. Cne
line of inquiry might be to ascertain the degree to which
the present findings are attributable to the simple, ab-
stract paradigm employed here. The principle of clo-
sure, for example, may not exert an influence on expec-
tancies for the third tone of a meledy, but might exert
considerable influence within the richer context of a full
melody. A metodic openizg may, as Narmour (1990) has
suggested, be an instance in which bottom-up principles
should dominate; this was the reason for the selection of
the present paradigm. Alternatively, however, it may be
the case that the influence of the principles becomes in-
creasingly apparent as a melody unfolds. A further prob-
fem here for future research concerns the nonorthogo-
nality of the principles, and the possible suppression of
one by another in specific contexts. Possibly aiternative
formulations shouid be considered to circumnvent this
problem (Krumbansl, 1995),

Two constraints on the interpretations of the findings
may also be mentioned. First, the experiment was not in-
tended to address whether the bottom-up principles



reflect innate perceptual properties. Casual (as opposed
to formal) exposure to the idiom of the Western cuiture
may have played aroie in the correspondence between the
Jjudgments of the two training groups for both bottom-up
and tonal predictors. Developmental, and cross-cuitural,
studies may be usefully initiated to address these issues.

Second, the experiment was not intended to address
the role of the top-down processes to which patterns
within musical pieces are subjected (Narmour, 1990}, We
leave to future work the question of how bottorn-up and
top-down processing may function in opposition, and the
question af how the bottorn-up principles of continuation
may be violated, in actual music, for aesthetic effect.

Significant correspondence was found between the
continuation judgments in the present study and the pro-
duction data collected for the same implicative intervals
by Carlsen (1981). This correspondence supports argu-
ments by Palmer (1992) and Schmuckler (1989, 1990)
that music perception and performance have common
strategies. In particuiar, our data support conciusions by
Schmuckler (1989) that there is converging evidence for
expectancy generation in the two tasks.

Finally, it is interesting to note the large proportion of
vatiance in subjects’ continuation ratings that could be
attributed to tonal influences. The fact that the influence
of tonality was similar across musically trained and un-
trained subjects is consistent with recent evidence (e.g.,
Cuddy & Badertscher, 1987, Steinke, Cuddy, & Holden,
1993) that musically untrained subjects are able to re-
cover the hierarchy of tonal function.

An important contribution of the present research is
the construction of the tonal region predictor, which de-
fines a set of equally possible keys that might be implied
in an ambiguous context. The simpte experimental con-
texts used here were ambignous with respect to key, but,
i addition, there are also “'real-life” musical situations
in which no clear key is implied. In these cases, no one
tonal hierarchy would be useful in undersianding musi-
catl structure. The fact that this predictor was an import-
tant influence on subjects’ judgments of continuations
suggests that Jisteners are flexible enough to chanpe toa
less specific and perhaps more helpful strategy when
necessary. Continuation ratings for other implicative in-
tervals should be collected to determine the general ap-
plicability of the tonal region predictor.

Psychoiogical investigations of Narmour's (1990)
implication-realization model are important for a num-
ber of reasons. Unlike many ather Gestalt-based theories,
its principles are precisely stated and empirically testable,
Despite the imitations discussed above, this study furthers
our knowledge about the appiicability of the implication-
realization model to melodic expectancy (an endeavour
that Narmour invites). In addition to melody, Narmour
(1990) has proposed that his model applies to musical
parameters such as thythm and the perception of musi-
cal form. Meyer's (1956) theory dealt with the experi-
ence of emotion as a result of unrealized expectancies
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and their resolutions, suggesting the pessibility of ex-
tending the principles of the implication-realization the-
ory to explain affective responses to music. Ultimately,
therefore, Narmour’s (1990) mode!l promises wide ap-
plicability to naturalistic contexts of music listening.

As Krumbhansl (1995) points out, music-theoretic con-
copts are not often subjected to empirical tests. [t is rare
that music theorists are interested in making their theo-
ries and concepts empirically testable. Music theorists
and psychologists sometimes seem to speak a different
language, and, even when they do use the same terms,
they are often using a different dictionary. Nevertheless,
the insights and intuitions of contemporary music theory
are powerful guides to understanding complex auditory
processing. Studies which investigate the limits and
validity of music theories are essential to bridge the
gap between the disciplines of music theory and music
perception.
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APPENDIX

The four tables of the Appendix provide the mean rating (A} and standard ecror (SE) for each continua-
tion tone (C, erdered from lowest to highest) for each of the ¢ight implicative intervals (# = 12). Ratings for
each training leve| are nroy rarzly. The correlation between training levels isalso given for each im-
olicarive interval.

Tahie Al
Descriptive Stutlstics for Ratings of Continuation Tenes Following the
Implicative Intervat of a Major Second

Ascending - Descending
Traingd Untrained Trained Untrained
C M SE M SE M SE M SE
1 358 .31 275 .51 392 0.43 2.67 0.33
2 2.08 0.36 225 030 1.75 031 .83 0.24
3 2,58 040 2.50 026 275 012 108 047
4 3.83 0.59 4.08 047 242 0.19 275 230
5 3.00 0.44 3.17 .32 3.08 045 325 0.37
6 333 045 5.58 0.26 5.33 oM 433 043
7 2.58 038 133 3.36 282 0.40 2.83 0.24
8 4.17 0.34 4.83 0.37 4,53 047 5.00 0.3%
g 5.25 039 525 .35 350 0.42 1.50 0.45
e 4,92 0.43 4.83 .42 3.50 0.26 4.83 032
11 442 038 5.08 .34 .67 0.41 525 0.33
12 342 0.4 292 0.45 4.7% 045 442 Q.53
13 442 on 5.50 .25 4.67 040 542 0.36
14 6.00 028 5.08 0.34 3.50 047 383 0.47
15 5.92 0.40 5.33 0.36 467 . 0.31 492 0.50
16 575 033 5.67 0.33 347 0.4] 592 036
17 4.25 037 307 0.42 3.08 033 4,42 0.42
18 5.42 0.43 5.08 0.13 623 0.35 517 0.27
19 292 0.31 367 0.43 3.00 0.30 3.42 0.36
20 4.00 Q.33 5.25 0.49 5.53 0.24 525 G.35
21 417 .42 400 0.35 3.58 0.36 3.75 .52
22 4.0 0.46 3.33 0.53 5.00 037 4.08 049
23 317 .42 3.00 0.49 3.8 034 358 .47
24 1.75 0.22 217 044 2.42 0.40 233 0.4
25 325 0.43 3.33 045 4.83 0.51 475 0.534
M 401 0.38 4.05 0.38 416 0.37 4,62 0.39

ﬁohl‘e‘;-CorrelatiUn of means (tmincd:’umm-incd]: major second ascending, r = .87 (p < .001); major second descending,
r = 8% (p < .001),
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Table A2
Bescriptive Statistics for Ratings of Continuation Tones Following the
Implicative Interval of 2 ¥Minor Third

Ascending Descending.
___Tmined __ Untrained Treined Untrained
C M SE M SE M SE M SE
1 4.42 048 3.75 0.33 37 0.51 242 .50
2 2.33 0.40 225 0.30 225 0.49 2.08 0.45
3 3.25 049 3.8 053 2.60 0.41 233 031
4 275 025 3.25 0.30 4.50 0.44 392 6.36
5 383 0.34 367 0.43 2.67 0.48 2.50 .23
6 592 023 500 0.46 3.75 0.41 4,00 G35
7 292 034 267 0.43 3.00 0.48 283 632
] 475 045 515 0.2z 4.17 0.46 447 ¢.45
Ed 4.08 .45 382 .42 375 043 575 025
10 4.83 G.34 5.7 9.44 4.67 047 38 0.49
11 592 023 525 0.33 5.67 0.31 642 0.19
12 4.47 0.60 4.33 .51 4.17 037 367 041
13 533 6.22 533 0.40 4.83 0.42 5.17 0.37
14 350 6.47 425 0.46 5.67 0.28 4.83 0.4
i5 6.00 0.21 567 0.22 4.83 0.30 4.50 03]
16 382 0.42 383 0.39 528 0.35 625 030
17 533 0.26 5350 219 4.17 0.47 442 047
18 6.58 0.19 573 0.33 5.67 0.26 567 019
32 2.58 0.43 350 0.57 3483 0.49 3.5 048
20 6.08 0.29 583 0.21 4.67 0.41 533 040
21 2.67 Q.36 325 943 6.08 0.26 4.92 042
22 5.58 0.40 538 147 3.17 0.3% 342 0.47
23 3.50 0.3 317 9.61 3.56 0.38 4.33 0.38
24 1.75 0.28 2.58 0.53 2.08 031 2.58 045
25 408 0.34 433 .61 383 032 392 043
M 424 .35 427 140 4,13 0.40 4.14 038

Note—Correlation of means (trained/untrained): minor third ascending, r = 93 (p < .001); minor third desceading, r =
89 (p<.001},

Table A3
Descriptive Statistics for Ratings of Continuation Tones Following the
Implicative Interval of a Major Sixth

Ascending Degeending
Traingd Urtrained Trained Untrained
C M SE M SE M SE M SE
1 3.25 .57 342 0.56 3.50 036 2.83 0.41
2 4.08 0.40 4.08 0.48 1.50 0.26 2.33 Q.31
3 333 0.51 3150 045 292 0.45 2.83 0.30
4 5.00 0.30 400 048 233 0.41 1.92 0.23
5 4.08 .45 333 0.28 258 ®i9 233 0.31
] 4.58 0.42 4.08 0.38 525 046 4.33 2.45
7 37 0.27 EN 0.45 242 047 3.00 Q.44
8 315 0.28 425 0.30 3.83 0.3¢ 3.50 Q.36
9 575 045 525 0.43 3.17 0.41 3.42 040
10 342 0.40 3.33 0.38 5.00 0.37 4.50 0.18
n 6.17 0.24 6.00 0.35 5.58 034 5.42 0.38
12 433 0.38 4.42 0.47 4.83 0.3% 4.67 0.47
13 517 0.43 550 0.42 5.67 033 533 0.36
14 5.83 0.21 533 0.40 4.67 Q.31 3.92 0.45
15 4.58 0.38 458 0.23 5,00 0.33 508 0.36
16 . 533 0.40 578 0.30 5.00 0.48 4.83 0.32
17 4.08 0.48 3se 0.45 4.33 0.45 5.33 0.36
18 4.17 041 5.25 8.30 6.58 023 542 0.34
19 275 028 3183 0.51 3.33 043 3.33 041
20 4.00 0.35 4.75 0.41 6.25 0.18 6.25 018
21 528 0.41 5.00 0.39 4.33 0.49 4.50 0.36
22 2.50 038 3.58 .57 5.67 0.28 5.08 0.51
pal 408 .42 3.50 047 5.08 0.42 4.58 043
24 2.00 037 2.17 0.52 300 049 3.25 0.33
25 4.00 037 4.25 0.55 5.25 041 483 040
M 4.19 0.38 4.26 0.42 330 0.37 411 037

Note—Correlation of means (trained/untrained): major sixth ascending, r = .84 (p < .00{}; major sixth descending, » =
93 {p =< .001).
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Table A4

Descriptive Statistics for Ratings of Continuation Tones Following the
1 ive Enterval of a Minor Seventh

Ascending Descending
Trained Untrained Trained Untrained
C M £ M SE M SE M SE
| 4.67 0,38 5.00 .37 375 0.41 3.00 G465
2 308 053 2.83 049 2.58 031 2.08 ¢.3j
3 408 645 425 048 2.08 029 2.83 6.42
4 4.42 -0.47 3.67 042 50 0.42 3.08 0.42
5 4.42 0.34 4.33 045 2.33 0.23 225 .28
6 4.5 0.45 492 038 4.42 0.43 4.67 G.38
7 142 0.53 3.42 0.57 217 034 2.58 0.26
8 483 0.51 458 0.40 367 033 4.00 0.35
9 342 042 EX: ) 0.38 3492 D.43 417 0.32
10 533 0.26 5.67 0.31 4.33 0.43 4.00 0.41
1 5.17 .41 533 0.40 458 B.36 5.50 0.31
12 5.17 0.46 4,83 0.46 487 o4 425 0.43
13 4.75 .37 5.08 0.53 4.83 0.4t 525 0.33
14 3.58 .38 417 ¢.47 5.00 0.28 517 0.24
is 5.42 0.3% 525 0.35 4.42 0.31 4,92 8.31
16 423 0.45 4.50 0.36 4.58 0.40 5.42 431
17 3.92 0.47 4.75 0.33 392 029 4.67 0.43
18 4,58 0.50 325 0.39 542 0.48 5.83 0.27
19 3.92 .40 3.58 0.42 3.75 139 3.42 9.43
20 475 0.46 5.58 G.45 4.50 036 5.25 .37
21 333 0.43 3.83 042 558 .38 5.67 .58
22 500 0.37 4.58 138 5.25 030 5.33 0.48
23 2.50 0.45 317 047 432 032 4.83 Q.55
24 23 0.28 342 0.48 328 045 2.67 0.33
25 433 0.45 4.33 0.64 492 036 5.08 0.50
M 422 042 4.39 043 4.03 0.37 4,24 Q.38

Naje—LCerrelation ofmea.l-ﬁ (trained/untrained): minor seventh ascending, r = .85 {p <.001); minor seventh descends ng.

r=92(p=<.001}
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