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 Expectancy in Bohemian Folk Song Melodies:
 Evaluation of Implicative Principles for Implicative and

 Closural Intervals

 WILLIAM FORDE THOMPSON & MURRAY STAINTON

 Atkinson College, York University

 Principles of melodic implication were evaluated in an analysis of folk
 song melodies. Implicative and closural intervals were identified in 513
 Bohemian melodies, and the note following each interval (the continua-
 tion note) was analyzed. Multinomial log-linear analysis was conducted
 to assess the extent to which Narmour's (1990) implicative principles
 could predict continuation notes. Support was found for five principles,
 with slightly greater support for strongly implicative intervals than for
 closural intervals, and for large intervals than for small intervals. Alter-
 native models of melodic implication are discussed.

 of the most basic instantiations of natural selection is our ability
 to anticipate and respond effectively to temporally organized events.

 Conflicts or correspondences between actual and anticipated events often
 have significant biological consequences and may give rise to some of the
 most salient human emotions, such as surprise, fear, or relief. The develop-
 ment of expectancies is partially shaped by long-term exposure to regulari-
 ties in the environment, but because certain environmental properties are
 universal, it is also possible that some of our expectancies are innately de-
 termined.

 Although expectancies play a role in most experiences, they are espe-
 cially conspicuous during music listening, where they are fundamental in
 shaping our experience with temporal patterns of surprise, conflict, clo-
 sure, and resolution. The role of expectancies in music has been widely
 acknowledged within both music and psychology (e.g., Carlsen, 1981; Jones,
 1981, 1982, 1990; Jones & Boltz, 1989; Meyer, 1956; Narmour, 1990,
 1992; Unyk & Carlsen, 1987). These studies have addressed both the cues
 that give rise to expectancies and the effects of conflicts between expected
 and actual events.

 Address correspondence to William Forde Thompson, Department of Psychology,
 Atkinson College, York University, 4700 Keele St., North York, Ontario, M3J 1P3 Canada,
 (e-mail: billt@yorku.ca)

 231

This content downloaded from 
��������������3.0.220.147 on Fri, 21 Oct 2022 07:01:58 UTC�������������� 

All use subject to https://about.jstor.org/terms



 232 William Forde Thompson & Murray Stainton

 Jones and Boltz (1989) argued that our ability to anticipate the temporal
 position of events - both musical and nonmusical - is facilitated by tempo-
 ral coherence, that is, the tendency for events to display hierarchical (nested)
 time structure. When temporal coherence is perceived, listeners are able to
 orient their attention toward anticipated event times, exploiting this strong
 expectancy cue. Evidence suggests that when events occur earlier or later
 than anticipated, our experience of time may be distorted.

 Conflicts between anticipated and actual events are essential to Meyer's
 theoretical discussions of musical meaning. Meyer (1956) proposed that
 when events in music conflict with a listener's expectancies, emotion and
 affect may be increased. Specifically, unexpected events are thought to ini-
 tiate a réévaluation of the stimulus situation. If this "intellectual activity"
 is not brought to conscious awareness, then "the mental tensions and the
 deliberations involved . . . are experienced as feeling or affect" (Meyer,
 1956, p. 31). More generally, the emotional quality of music may be largely
 the result of a complex network of implications for future events, and deni-
 als or fulfillments of the expectancies generated by those implications.

 Extending Meyer's views on expectancy, Narmour (1990, 1992) pro-
 vided a formal description of melodic implications, and he used this de-
 scription as the basis for a comprehensive model of melodic structure. His
 implication-realization model includes a classification of melodic patterns,
 called basic melodic structures, and a set of implicative principles, described
 in the following section. The implicative principles are hypothetical cues
 that melodic intervals provide about the pitch of subsequent notes. By at-
 tending to these melodic implications, listeners form expectancies about
 the pitch of subsequent events. As a melody unfolds, the pattern of fulfill-
 ments and denials of expectations is thought to shape a listener's percep-
 tion of the melody.

 In this study, we examined Narmour's implicative principles in a musical
 analysis of more than 500 Bohemian folk song melodies. We evaluated the
 principles both at points in melodies where implications are thought to be
 strong (implicative intervals) and at points where implications are thought
 to be suppressed (closural intervals). We also examined the principles for
 different interval sizes, to check that they operate similarly for small and
 large intervals. A description of the implication-realization model follows.

 The Implication-Realization Model

 According to Narmour (1990, 1992), a melody may be conceived as a
 sequence of implications for future events, fulfillments or denials of those
 implications, and points of closure. Melodic implications are thought to be
 shaped by a small set of universal, Gestalt-like principles (referred to as
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 Expectancy in Bohemian Folk Song Melodies 233

 "bottom-up" principles). Narmour also has discussed the role of experi-
 ence in shaping melodic expectancies (knowledge of styles or specific pieces,
 referred to as "top-down" influences), but the focus of our research was on
 the bottom-up principles.

 We examined five bottom-up principles: registral direction, intervallic
 difference, proximity, registral return, and melodic closure. These five prin-
 ciples provide a summary of Narmour's (1990, 1992) views of melodic
 implication (Krumhansl, 1995a; Schellenberg, 1996). Each bottom-up prin-
 ciple predicts a class of tones expected under certain melodic conditions.
 At points of melodic implication, the principles may combine and compete
 with each other to create an overall melodic expectancy (for a more thor-
 ough review of the implication-realization model, see Krumhansl, 1995a;
 or Thompson, 1996). The five principles are defined as follows:

 1. Registral Direction: Small intervals (a perfect fourth or less) im-
 ply subsequent pitch movement in the same registral direction
 (e.g., up-up), whereas large intervals (a perfect fifth or more)
 imply subsequent pitch movement in the opposite direction (e.g.,
 up-down, up-lateral). For example, an ascending major third,
 being a small interval, implies subsequent ascending melodic
 motion, but an ascending sixth, being a large interval, implies
 subsequent descending melodic motion.

 2. Intervallic Difference: Small intervals imply a subsequent inter-
 val that is similar in size (±3 semitones if registral direction con-
 tinues, ±2 semitones if registral direction changes), whereas large
 intervals imply a subsequent interval that is relatively smaller
 (i.e., smaller relative to the aforementioned boundaries for "simi-
 lar in size." Note that a "smaller" interval is not always a "small"
 interval).

 3. Registral Return: Any interval may be followed by a return to a
 pitch that is near (within 2 semitones) or at (in unison with) the
 first note of the interval.

 4. Proximity: Any interval implies a subsequent note near to (within
 a perfect fourth) the second note of the interval.

 5. Melodic Closure: Narmour (1990) proposed that closure is in-
 creased by two aspects of pitch pattern: a change in registral
 direction, and movement from a larger to a smaller interval. Fol-
 lowing Cuddy and Lunney (1995), Krumhansl (1995a),
 Schellenberg (1996) and others, we assessed the related possibil-
 ity that implicative conditions may create an expectation that
 these two closural conditions will follow. It may be noted that
 other parameters also influence closure (e.g., meter, duration,
 tonality), but the principle of melodic closure makes no predic-
 tions about these parameters.
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 234 William Forde Thompson & Murray Stainton

 Figure 1 illustrates, for both small and large intervals, examples of con-
 tinuation notes that fulfill or deny each implicative principle. Elaborated
 illustrations of the relationship between interval size and the continuations
 that fulfill each principle can be found in Cuddy and Lunney (1995),
 Krumhansl (1995a), Schellenberg (1996), or Thompson (1996).

 A basic distinction in Narmour's model is between implication and clo-
 sure. These two conditions are construed by Narmour as end points of a
 continuum from strongly implicative to nonimplicative, and closural inter-
 vals may retain some degree of melodic implication. Conditions that in-
 crease implicative strength include movement to a weaker metric position,
 movement to a note of weaker tonal stability, and movement to a note of
 shorter duration. When melodic implications are strong, listeners have a
 heightened sense of expectancy that may be shaped by both universal and
 culturally determined factors.

 Closural conditions, that is, conditions that suppress melodic implica-
 tion, include movement to a stronger metric position, movement to a note
 of greater tonal stability, and movement to a note of greater duration. As
 previously mentioned, Narmour (1990) proposed that a change in registral
 direction and movement from a larger to a smaller interval also increase
 closure. At points of closure, expectancies are suppressed but not always
 eliminated. That is, closural conditions are often weakly implicative. The
 weak expectancies that listeners may have at points of closure again may
 be shaped by both universal and culturally determined factors.

 A number of researchers have reported support for the implicative prin-
 ciples in perceptual tasks (e.g., Cuddy & Lunney, 1995; Krumhansl, 1995a,

 Fig. 1. Examples of continuation notes that fulfill or deny each implicative principle. (Re-
 printed with permission from Thompson, Cuddy, & Plaus, 1997.)
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 1995b; Schellenberg, 1996, 1997). These studies involved presenting lis-
 teners with an implicative melodic stimulus (isolated intervals or melodic
 fragments), followed by a continuation note. Listeners rated how well each
 continuation note followed each melodic stimulus. Multiple regression was
 used to test how well the combined set of implicative principles could pre-
 dict the set of mean ratings. All studies reported support for the combined
 set of principles and for principles based on implied tonal structure. How-
 ever, researchers also have raised the possibility that modifications to the
 principles, or different principles altogether, may provide a better account
 of expectancy data (e.g., Cuddy & Lunney, 1995; Krumhansl, 1995b;
 Schellenberg, 1996, 1997).

 The implicative principles also have been assessed in studies of melody
 production (Thompson, Cuddy, & Plaus, 1997; Thompson & Stainton,
 1995/1996; see also Schellenberg's 1996 reanalysis of Carlsen's 1981 data).
 Thompson, Cuddy, and Plaus (1997) presented participants with each of
 eight melodic intervals and asked them to play a melody that naturally
 followed from each interval. For each melody produced, the note immedi-
 ately following the initial interval was analyzed. The proportion of devi-
 ance predicted by the five implicative principles was 0.48 (for participants
 with various degrees of musical training). When two principles based on
 implied tonal structure were added to the model, this proportion was in-
 creased to 0.79. These results provide strong support for an extended model
 based on the implicative principles.

 In this study, we examined the predictive power of the implicative prin-
 ciples for Bohemian folk song melodies. Although the implicative prin-
 ciples were conceived as a model of how melodies are perceived, rather
 than as a model of composition, our analysis of a compendium of folk
 songs was motivated by the premise that the perception and production of
 melodies may be influenced by similar principles (Palmer, 1992; Schmuckler,
 1989, 1990). Composers may sometimes deny melodic implications for
 aesthetic reasons or compose according to nonperceptual principles (e.g.,
 number systems, letters of the composer's name), but their compositions
 should also reflect the perceptual influences of melodic implication.

 The study extends the production study of Thompson et al. (1997) in
 several ways. First, whereas the study by Thompson et al. involved exam-
 ining continuation notes produced from isolated stimulus intervals, we ex-
 amined continuation notes produced throughout the melodies in our sample.
 Second, by sampling from a data base of melodies, we could analyze a very
 large number of continuation notes, yielding highly reliable results. More
 than 13,000 continuation notes were analyzed from a sample of more than
 500 melodies by a wide range of composers. Third, we addressed a central
 distinction of Narmour's implication-realization model by comparing the
 predictive power of the principles for strongly implicative and closural con-
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 236 William Forde Thompson ôc Murray Stainton

 ditions. Fourth, we compared the predictive power of the principles for
 small and large intervals.

 To anticipate the results, we found support for all the implicative prin-
 ciples. The combined predictive power of the principles was only margin-
 ally greater for implicative intervals than for closural intervals. The predic-
 tive power of individual principles, however, was dependent on both the
 size and the implicative strength of the initial interval. An assessment of
 additional predictors suggested possible revisions to the model.

 Method

 MUSICAL MATERIALS

 We analyzed 513 folk song melodies from the Boehme collection in the Essen data base
 (Schaffrath, 1995). Figure 2 notâtes the opening few bars of four of the folk song melodies.
 The collection is a compendium of songs known or collected in Bohemia. Bohemian folk
 song melodies are typically characterized by regular melodic construction, definite tonality,
 well-defined rhythmic periods, and a symmetric form. The melodies in our analysis repre-

 Fig. 2. The opening bars of four Bohemian folk song melodies. Examples 1 and 2 end with
 an implicative interval. Examples 3 and 4 end with a closural interval.
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 sent a variety of genres, including hymns, ballades, political and national songs (see Ex-
 ample 3), war songs, seasonal songs, humorous songs, and songs of commemoration. The
 metric structure of the folk song melodies varied: 216 melodies had a simple quadruple
 meter, 120 had a simple triple meter, 103 had a compound triple, and 74 had a simple duple
 meter. Fifteen other melodies in the data base had an irregular metric structure. They were
 excluded from the analysis because conditions of implication and closure were difficult to
 classify. Individual composers are not listed in the data base.

 MUSIC ANALYSIS

 The melodies were obtained in Kern format from the Center for Computer Assisted
 Research in the Humanities, Stanford, and analyzed by using the Humdrum toolkit (Hu-
 ron, 1994).1 We used Humdrum to identify implicative and closural intervals, and to ana-
 lyze the notes immediately following these intervals. Nine interval sizes were considered in
 the analysis. Intervals of 1, 2, 3, 4, and 5 semitones were classified as small intervals, and
 intervals of 7, 8, 9, and 10 semitones were classified as large intervals (Narmour, 1990,
 1992). Intervals of 6 semitones (a tritone) were excluded from our analysis because implica-
 tions for tritone intervals are thought to depend on conditions that our analysis could not
 adequately address. There were no instances of implicative or closural intervals of 11
 semitones. Unison and octave intervals were excluded from consideration because they did
 not satisfy the criteria for an implicative or a closural interval, defined next.

 Intervals were defined as strongly implicative (henceforth referred to as implicative inter-
 vals) if two sequential notes moved to a weaker metric position, decreased in tonal stability,
 and decreased or did not change in duration. Intervals were defined as closural if two se-
 quential notes moved to a stronger metric position, increased in tonal stability, and in-
 creased or did not change in duration. Our measure of tonal stability was taken as the mean
 tonal stability ratings reported by Krumhansl and Kessler (1982). Examples of implicative
 and closural conditions are illustrated in Figure 2: Examples 1 and 2 in the figure end with
 an implicative interval, and Examples 3 and 4 in the figure end with a closural interval.

 Results and Discussion

 We identified 7392 implicative intervals and 6205 closural intervals. Of
 the implicative intervals identified, 7031 were small (5 semitones or less)
 and 361 were large (7 semitones or greater). Of the closural intervals iden-
 tified, 6010 were small and 195 were large.

 Figures 3 and 4 show the raw frequencies for implicative and closural
 intervals, respectively, and plot the size of the initial intervals against the
 size and direction of the subsequent intervals. The front axis shows the size
 and direction of the subsequent intervals. In this axis, small intervals are
 located in the center of the axis, movement in the same pitch direction is
 labeled as continuation, and a change in direction is labeled as reversal. For
 both figures, the large cluster of bars in the middle and to the back illus-
 trate that most intervals, initial and subsequent, were small. As indicated

 1. The Humdrum toolkit is a set of software tools developed by David Huron for the
 purpose of music analysis and research; it is available from the Center for Computer As-
 sisted Research in the Humanities, Braun Music Center, Stanford University, Stanford, CA
 94305-3076.
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 238 William Forde Thompson & Murray Stainton

 Fig. 3. Raw frequencies for implicative intervals. The size of the initial interval is plotted
 against the size and direction of the subsequent interval.

 by the tallest bar in Figure 3, the most frequent melodic pattern initiated by
 an implicative condition was two whole steps in the same direction.

 PROPORTION OF CONTINUATION NOTES FULFILLING EACH PRINCIPLE

 We first examined the proportion of continuation notes fulfilling the five
 principles. The proportions indicate the overall success of each principle
 and therefore provide the most basic test of Narmour's model. Table 1
 shows the proportion of fulfillments for implicative and closural intervals.
 For example, the table indicates that 0.97 of notes following implicative
 intervals and 0.93 of notes following closural intervals fulfill the principle
 of proximity (i.e., are within 6 semitones of the second note of the inter-
 val). The table also indicates the proportion of notes within a two-octave
 range expected to fulfill each principle by chance alone. For example, 1 1 of
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 Expectancy in Bohemian Folk Song Melodies 239

 Fig. 4. Raw frequencies for closural intervals. The size of the initial interval is plotted against
 the size and direction of the subsequent interval.

 Table 1

 Proportion of Continuation Notes Fulfilling Each Principle for
 Implicative and Closural Intervals and the Proportion of Notes Predicted

 by Each Principle Over a Two-Octave (25-Note) Range About the
 Second Note of the Initial Interval

 Proportion of Notes
 Condition Predicted in a

 Principle Implicative Closural Two-Octave Range

 Registral direction 0.45 0.26 0.50
 Intervallic difference 0.91 0.76 0.43

 Registral return 0.39 0.39 0.19
 Proximity 0.97 0.93 0.44
 Melodic closure 0.60 0.77 0.60
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 240 William Forde Thompson & Murray Stainton

 the 25 notes in a two-octave range centered about the second note of the
 interval are compatible with the predictions of proximity. Thus, if continu-
 ation notes occurred at random across this range, proximity would be ex-
 pected to be fulfilled with a proportion of 0.44 (estimates based on a larger
 range would be lower for all principles except registral direction, which
 would not change).

 To assess the reliability of differences between actual fulfillments and
 chance estimates, we multiplied each proportion by the number of inter-
 vals in that sample, and conducted simple chi-square (goodness of fit) tests.
 Because we sampled an extremely large number of intervals, all differences
 between actual fulfillments and chance estimates are highly reliable (for all
 tests, p < .001). However, it should be noted that most implicative and
 closural intervals in our sample were small, so the proportions listed pri-
 marily reflect the success of the principles for small intervals. We address
 this bias in a subsequent analysis.

 For implicative intervals, the principles of intervallic difference, registral
 return, and proximity were fulfilled significantly more often than the chance
 estimates. In particular, the high proportions associated with intervallic
 difference and proximity indicate that these principles describe important
 tendencies in the folk song melodies. However, it may be noted that these
 two principles also make overlapping predictions, an issue explored in sub-
 sequent analyses.

 The proportion of fulfillments for registral direction, intervallic differ-
 ence, and proximity were lower for closural intervals than for implicative
 intervals. This finding is consistent with the idea that closural conditions
 suppress the implicative tendencies. The proportion of fulfillments for the
 principle of melodic closure, however, was higher for closural intervals than
 for implicative intervals. The proportion of fulfillments for registral return
 was the same for closural and implicative intervals.

 Registral direction was fulfilled significantly less often than expected by
 chance, especially for closural intervals. Because most intervals (>95%)
 were small, these findings suggest that small implicative intervals did not
 lead mainly to a continuation of registral direction, as predicted by the
 principle, and small closural intervals were most often followed by a change
 in registral direction.

 OVERALL ASSESSMENT OF THE MODEL: MULTINOMIAL LOG-LINEAR ANALYSIS

 Although the proportions listed in Table 1 provide general support for
 the principles, and illustrate some differences between implicative and
 closural intervals, it was necessary to conduct additional analyses to assess
 the overall predictive power of the combined set of principles. Moreover,
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 Expectancy in Bohemian Folk Song Melodies 241

 interpreting the proportions is complicated by the fact that some principles
 make overlapping predictions. For example, intervallic difference and prox-
 imity make similar predictions. This overlap makes it difficult to deter-
 mine, on the basis of proportions alone, whether all five principles make a
 unique contribution in predicting the set of frequencies.

 For these reasons, multinomial log-linear analysis was conducted to as-
 sess the overall predictive power of the combined set of principles and the
 unique predictive power of each principle. The aim of multinomial log-
 linear analysis is comparable to that of multiple regression, but it does not
 require that the dependent variable be measured along an interval scale.
 Thus, multinomial log-linear analysis is an appropriate technique for ana-
 lyzing the frequency of continuation notes obtained here. It works by find-
 ing an optimal set of weights such that a weighted sum of predictor vari-
 ables (in this case, the five principles) plus a constant approximates the
 logarithm of values of the dependent variable (in this case, the frequencies
 of continuation notes observed). The dependent variable was a vector of
 225 frequencies: the frequency of occurrence of each possible continuation
 note over a two-octave (25-note) range for each of the nine interval sizes.

 The results of the analysis include a measure of the predictive power of
 the combined set of principles and a measure of the unique contribution of
 each principle. The former measure is referred to as the proportion of devi-
 ance explained: a value of 1.0 indicates that the combination of principles
 provides perfect predictions; a value of 0.0 indicates no predictive ability.

 In order to conduct the analysis, we first converted each implicative prin-
 ciple into a coded variable (Cuddy & Lunney, 1995; Krumhansl, 1995a;
 Schellenberg, 1996).2 For registral direction, intervallic difference, and
 registral return, notes fulfilling the principle were coded as 1, and notes not
 fulfilling the principle were coded as 0. Coded variables for proximity and
 melodic closure were graded. For proximity, the note following the impli-
 cative or closural interval was coded as 6, 5, 4, 3, 2, 1, 0 if it was 0, 1, 2, 3,
 4, 5 or more than 5 semitones from the preceding note, respectively. For
 melodic closure, we assigned 0 to notes fulfilling no condition of melodic
 closure (i.e., a change in registral direction, or movement to a smaller inter-
 val), 1 to notes fulfilling one condition of melodic closure, and 2 to notes
 fulfilling both conditions of melodic closure.

 Table 2 summarizes the results of the log-linear analysis for both impli-
 cative and closural intervals. For both criterion variables, the table illus-
 trates the proportion of deviance explained by the principles combined

 2. In order to estimate proportions that reflected all intervals equally, it was necessary to
 declare interval size as a categorical variable and remove the associated deviance before
 testing all models.
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 Table 2

 Results of the Log-Linear Analysis, in Which the Five Principles (the Base
 Model) Are Tested for Implicative and Closural Intervals

 Implicative Closural

 Base model R2* = .65 R2* = .63

 Registral direction OR = 5.41 OR = 1.95
 sr2* = 0.030 sr2* = 0.0060
 r2* = 0.0018 r2* = 0.093

 Intervallic difference OR = 4.29 OR = 3.40
 sr2* = 0.032 sr2* = 0.036
 r2* = 0.38 r2* = 0.25

 Registral return OR = 1.35 OR = 1.05
 sr2* = 0.019 sr2* = 0.00060
 r2*=0.11 r2*=0.14

 Proximity OR = 1.58 OR = 1.31
 sr2* = 0.12 sr2* = 0.052
 r2* = 0.55 r2* = 0.52

 Melodic closure OR = 3.38 OR = 4.41
 sr2* = 0.016 sr2* = 0.037
 r2* = 0.029 r2* = 0.19

 The results include the proportion of total deviance explained by the model (R2*), the
 odds ratios (OR) for each predictor variable, the proportion of deviance uniquely explained
 by each predictor (sr2*), and the proportion of deviance explained by each predictor when
 entered on its own (r2*). All predictors are statistically significant.

 (R2*), the odds ratio for each predictor (OR), the proportion of deviance
 uniquely explained by each predictor (sr2*), and the proportion of devi-
 ance explained by each predictor when entered on its own (r2*).3
 For both implicative and closural intervals, the model significantly re-

 duced the deviance, or unexplained variance (chi-square distribution), from
 the independence model. For implicative and closural intervals, the pro-
 portions of total deviance explained by the model were R2* = 0.65 and R2*

 3. Odds ratios are derived from the model coefficients. For dummy coded predictors,
 they represent the odds that a response fulfills the principle divided by the odds that a
 response does not fulfill the principle, when other predictors are held constant. For ex-
 ample, an odds ratio of 0.66 (see Table 2, implicative condition, registral direction) means
 that the odds that a response fulfills the principle of registral direction is 0.66 times the odds
 that a response does not fulfill the principle. For graded predictors, the odds ratio applies to
 each unit increase. For example, an odds ratio of 1.91 for proximity (see Table 2, implica-
 tive condition) means that the odds of a response occurring at coded value "6" is 1.91 times
 the odds of a response occurring at coded value "5," which is 1.91 times the odds of a
 response occurring at coded value "4," and so on. Note that an odds ratio of 1.0 indicates
 that the odds of a response fulfilling the principle is equal to the odds of a response not
 fulfilling the principle, when other predictors are held constant.
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 = 0.63, respectively. This finding provides very strong overall support for
 the combined set of principles and suggests that they have approximately
 the same predictive power for implicative and closural intervals.

 For both implicative and closural intervals, all five predictors had sig-
 nificant predictive power in the model. Examination of sr2* values indi-
 cates that proximity had the greatest unique predictive power for implica-
 tive intervals. However, the unique predictive power of proximity was greater
 following implicative intervals (sr2* = 0.12) than closural intervals (sr2* =
 0.05). More generally, the unique predictive power of registral direction,
 proximity, and registral return was higher for implicative intervals than
 closural intervals. In contrast, the unique predictive power of melodic clo-
 sure was higher for closural intervals than implicative intervals.

 For both implicative and closural intervals, odds ratios for all principles
 were greater than 1.0, indicating that continuations were in the direction
 predicted by each principle (when other principles are statistically con-
 trolled). For all principles except melodic closure, odds ratios were signifi-
 cantly higher for implicative intervals than closural intervals. This finding
 is consistent with the notion that, apart from the principle of melodic clo-
 sure, the principles are more likely to be fulfilled after implicative intervals
 than after closural intervals.

 Table 2 also lists the predictive power of each principle on its own (r2*).
 These values indicate the extent to which each of the five principles can
 account for the set of observations when entered on its own. Some caution

 must be exercised in interpreting the individual predictive power of a prin-
 ciple: When observations reflect the combined effects of several tendencies,
 the individual predictive power of a principle may be masked (or distorted)
 by tendencies in the data that have not been controlled statistically. In such
 cases, the predictive power of that principle may be revealed only once
 other predictors are taken into account.

 Examination of r2* values indicates that, when entered on its own, prox-
 imity has the greatest individual predictive power of the principles, fol-
 lowed by intervallic difference. The predictive power of proximity was simi-
 lar for implicative and closural intervals, whereas the predictive power of
 intervallic difference was greater for implicative intervals (r2* = 0.38) than
 for closural intervals (r2* = 0.25).

 The predictive power of other principles also depended on whether the
 initial interval was implicative or closural. Both registral direction and
 melodic closure accounted for a greater proportion of deviance for closural
 intervals than for implicative intervals. For small implicative and closural
 intervals, predictions of registral direction were opposite to the tendency
 observed. Together with the proportions listed in Table 1, these findings
 indicate that closural intervals were more likely than implicative intervals
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 to be followed by a change in registral direction. The individual predictive
 power of registral return was similar for implicative and closural intervals.

 ASSESSMENT OF IMPLICATIVE PRINCIPLES FOR SMALL AND LARGE INTERVALS

 We next assessed the predictive power of the principles for small inter-
 vals (1, 2, 3, 4, and 5 semitones) and large intervals (7, 8, 9, and 10
 semitones) separately. According to Narmour, implications become stron-
 ger as interval size increases (e.g., see Narmour, 1992, pp. 16-20). Thus, it
 might be expected that the predictive power of the implicative principles
 would be greater for large intervals than for small intervals.

 Our analysis suggested that the predictive power of the combined set of
 principles was slightly greater for large intervals. For implicative intervals,
 the combined principles accounted for 0.65 and 0.68 of the deviance in
 frequencies for small and large intervals, respectively. For closural inter-
 vals, the combined principles accounted for 0.63 and 0.68 of the deviance
 in frequencies for small and large intervals, respectively. These results con-
 firm that the principles have predictive power for both small and large
 intervals and provide marginally stronger predictions for large intervals. It
 is important to acknowledge, however, that comparisons between results
 for small and large intervals are complicated by differences in the relative
 frequency of small (n = 13041) and large (n = 556) intervals.

 The relationship between interval size and the predictive power of the
 implicative principles may be illustrated by examining the predictive power
 of individual principles. Table 3 displays the proportion of deviance ex-
 plained by each predictor when entered on its own (r2*), for small and
 large intervals. The table reveals that the predictive power of most prin-
 ciples depends on interval size. For example, registral return and proximity
 were more powerful predictors for small intervals than for large intervals.
 In contrast, registral direction and melodic closure were more powerful
 predictors for large intervals than for small intervals. The predictive power
 of melodic closure was especially dependent on interval size. In contrast to
 the comparatively low proportions observed for small intervals, the prin-
 ciple of melodic closure accounted for well over half the deviance in fre-
 quencies for large implicative intervals (r2* = 0.60) and large closural inter-
 vals (r2* = 0.65). This finding suggests that closural pitch motion (a change
 in registral direction, movement to a smaller interval, or both) is far more
 likely to occur after a large interval than after a small interval.

 Examination of Table 3 reveals that the predictive power of individual
 principles depends not only on interval size but also on whether the inter-
 val is implicative or closural. For example, not only was the tendency to
 change registral direction stronger after a large interval than after a small
 interval, the tendency to change registral direction also was stronger after a
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 Table 3

 Proportion of Deviance Explained by Each Principle Entered on Its Own
 (R2*), for Small and Large Implicative and Closural Intervals

 Implicative Closural Implicative Closural

 Registral direction 0.01a 0.11a 0.29 0.37
 Intervallic difference 0.38 0.24 0.38 0.37

 Registral return 0.13 0.16 0.06 0.03
 Proximity 0.56 0.53 0.44 0.31
 Melodic closure 0.02 0.18 0.60 0.65

 aObserved pattern of results opposite to that predicted

 closural interval than after an implicative interval. It may be noted that the
 predictions of registral direction for small intervals were opposite to the
 pattern of results observed. That is, although registral direction predicts
 that small intervals imply continuation in the same registral direction, in-
 tervals of all sizes were more likely to be followed by a change in registral
 direction.

 For small intervals, the predictive power of melodic closure was greater
 for closural intervals (r2* = 0.18) than implicative intervals (r2* = 0.002). A
 similar tendency was observed for large intervals (but to a lesser extent).
 More generally, the two conditions of melodic closure (a change of direc-
 tion and movement from a larger to a smaller interval) were more likely to
 occur after a large interval than after a small interval, and were more likely
 to occur after a closural interval than after an implicative interval.

 ASSESSMENT OF ALTERNATIVE MODELS OF IMPLICATION

 These findings illustrate that the individual predictive power of the im-
 plicative principles depends on the size of the context interval. Another
 theoretical concern with the principles is the degree of redundancy among
 them (Schellenberg, 1996; Thompson et al., 1997). This redundancy may
 be estimated from the values in Table 2. By summing the proportion of
 deviance uniquely explained by each predictor (sr2*) and comparing this
 value with the proportion of deviance explained by the combined model,
 one may estimate the degree of redundancy in the set of principles. For
 implicative intervals, the sum of sr1* values equals 0.22, and the propor-
 tion of deviance explained by the model is 0.65. This comparison indicates
 that 0.22 of the deviance in frequencies is explained uniquely, and 0.43
 (0.65 minus 0.22) of the deviance in frequencies is explained redundantly.
 For closural intervals, the sum of sr1* values equals 0.63, and the propor-
 tion of deviance explained by the model is 0.13. This comparison indicates
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 that 0.13 of the deviance in frequencies is explained uniquely and 0.50 of
 the deviance in frequencies is explained redundantly. These findings indi-
 cate considerable redundancy among the principles and suggest that the
 data may be quite well modeled by a smaller set of less overlapping prin-
 ciples.

 We therefore tested a number of alternative models. Our initial goal was
 to evaluate whether a smaller set of principles could provide an overall
 level of predictive power comparable to that of the full (five-principle) model,
 but with less redundancy among the principles. For implicative intervals, a
 model consisting of registral direction, proximity, and registral return ac-
 counted for 0.62 of the deviance in frequencies, with only 2% overlap in
 the predictive power of the principles, and all odds ratios greater than 1.0.
 Thus, for implicative intervals, omitting the principles of intervallic differ-
 ence and melodic closure resulted in very little reduction in the overall
 predictive power of the model, but eliminated nearly all of the redundancy
 in the model.

 For closural intervals, a model consisting of proximity and a simplified
 version of melodic closure (reversal) accounted for 0.58 of the deviance in
 frequencies, with only 6% overlap in the predictive power of the prin-
 ciples, and both odds ratios greater than 1.0. The principle of reversal pre-
 dicted just one of the two conditions of melodic closure: a change in registral
 direction following any interval (a tendency illustrated in Table 1 and dis-
 cussed later). Thus, for closural intervals, omitting three of the principles
 (and simplifying one) resulted in little reduction in overall predictive power,
 but eliminated most of the redundancy in the model.

 We next evaluated additional predictors: pitch height, consonance, and
 unison. Our aim was to assess the contribution of tendencies not described

 by the five principles, but reported in other tests of the implication-realiza-
 tion model.4 Pitch height was a significant predictor in a regression model
 reported by Cuddy and Lunney (1995). Applied to the current data, it pre-
 dicted a monotonie relation between the frequency of occurrence of con-
 tinuation notes and pitch height, with frequency of occurrence increasing
 as pitch height increased. Consonance and unison were significant predic-
 tors in a regression model reported by Krumhansl (1995b). Consonance
 predicted that frequencies should be higher for continuation notes that
 formed a consonant interval with the preceding note. (We also evaluated a
 predictor based on consonance with the note before the preceding note,

 4. Several investigations have reported support for principles based on tonality (Cuddy
 & Lunney, 1995; Krumhansl, 1995a, 1996; Schellenberg, 1996, 1997; Thompson et al.,
 1997). However, construction of our data base did not allow us to assess tonal influences.
 Implicative and closural intervals were classified by size independent of tonal context and
 initial note. Thus, continuation notes for a given category could not be identified with a
 particular level of tonal stability.
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 but the contribution of this predictor was negligible.) Predictions for con-
 sonance were obtained by Krumhansl (1995b) and were based on empiri-
 cal and theoretical values reported by Helmholtz (1863/1954), Malmberg
 (1918), Hutchinson and Knopoff (1978), and Kameoka and Kuriyagawa
 (1969). Unison predicted that continuation notes with the same pitch as
 the preceding note would be less frequent (the latter continuation notes
 were coded as -1; other notes were coded as 0).

 Consonance and unison proved to be important predictors. Table 4 il-
 lustrates alternative models for both implicative and closural intervals that
 include these two predictors. For implicative intervals, a four-variable model
 accounted for 0.71 of the deviance in frequencies, with little overlap (10%)
 in the predictive power of the principles and all odds ratios greater than
 1.0. The four principles were: proximity, consonance, unison, and registral
 direction (revised). Registral direction (revised) predicted a change in registral
 direction after large intervals, but no such tendency after small intervals
 (perceptual evidence for this predictor was reported by Cuddy & Lunney,
 1995, and Schellenberg, 1996, 1997). For this predictor, continuation notes
 were coded as 0 for small implicative intervals, 1 for large intervals fol-

 Table 4

 Results of the Log-Linear Analysis, in Which Four- Variable Models
 (Alternative Models) are Tested for Implicative and Closural Intervals

 Implicative Closural

 Four-variable model R2* = .71 R2* = .70

 Proximity OR = 4.91 OR = 3.15
 sr2* = 0.39 sr2* = 0.37
 r2* = 0.55 r2* = 0.52

 Consonance OR = 4.25 OR = 3.47
 sr^ 0.083 sr2* = 0.11
 r2* = 0.16 r2* = 0.013

 Unison OR = 777.43 OR = 124.59
 sr2* = 0.12 sr2* = 0.12
 r2* = 0.041 r2* = 0.16

 Registral direction OR = 4.28
 (revised) sr2* = 0.015 -

 r2* = 0.018

 Reversal - OR = 2.44
 sr2* = 0.067
 r^O.12

 The results include the proportion of total deviance explained by the model (R2*), the
 odds ratios (OR) for each predictor variable, the proportion of deviance uniquely explained
 by each predictor (sr2*), and the proportion of deviance explained by each predictor when
 entered on its own (r2* ). All predictors are statistically significant.
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 lowed by a change in direction, and -1 for large intervals followed by the
 same direction.

 For closural intervals, a four-variable model accounted for 0.70 of the
 deviance in frequencies, again with little overlap (3%) in the predictive
 power of the principles and all odds ratios greater than 1.0. The four vari-
 ables were: proximity, consonance, unison, and reversal.

 General Discussion

 The present findings illustrate that a combination of Narmour's implica-
 tive principles has considerable power in accounting for melodic structure
 in Bohemian folk song melodies. The predictive power of the combined set
 of principles was comparable for implicative and closural intervals. Thus,
 although the implication-realization model distinguishes between closural
 and implicative conditions and predicts that expectancies are suppressed
 by conditions of closure (a prediction yet to be tested by empirical research),
 our results suggest that continuation notes were as predictable after closural
 conditions as they were after implicative conditions.

 An analysis of the proportion of continuation notes fulfilling each prin-
 ciple, however, revealed that registral direction, intervallic difference, and
 proximity were more often fulfilled after implicative intervals than after
 closural intervals. More generally, the relative predictive power of indi-
 vidual principles was dependent on implicative strength, supporting
 Narmour's view that the principles operate somewhat differently for impli-
 cative and closural conditions.

 A comparison of results for small and large intervals indicated that the
 predictive power of the principles was slightly greater for large intervals
 than for small intervals. This difference suggests that as interval size in-
 creases, composers are slightly more likely to fulfill the melodic implica-
 tions associated with that interval. The finding also is consistent with
 Narmour's (1990, 1992) claim that implicative strength increases with in-
 terval size, but perceptual studies are needed to confirm whether listeners
 perceive a connection between interval size and implicative strength.

 It is important to acknowledge that the implicative principles were de-
 veloped as a model of how melodies are perceived, and principles of com-
 position may differ in important respects from perceptual principles. Com-
 posers may deny melodic implications to enhance musical tension; such
 conflicts between expected and actual events are a central component of
 Meyer's (1956) understanding of the emotive quality of music. Composi-
 tions also may be partially based on nonperceptual principles, such as num-
 ber systems. For these reasons, initial assessments of the implicative prin-
 ciples have focused on perceptual evidence (Cuddy & Lunney,' 1995;
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 Krumhansl, 1991, 1995a; Schellenberg, 1996). Nonetheless, a number of
 recent studies, including the current one, suggest that Narmour's implica-
 tive principles also partially account for the production of melody (e.g.,
 Schellenberg, 1996; Thompson et al., 1997; Thompson & Stainton, 1995/
 1996). These findings suggest that the perception and production of melo-
 dies are guided by similar principles of expectancy (see also, Palmer, 1992;
 Schmuckler, 1989, 1990).

 There are two interpretations of this parallel support for Narmour's prin-
 ciples in perception and production studies. One interpretation is that prin-
 ciples of expectancy are perceptual laws that are independent of musical
 experience and knowledge, but are manifested to a similar degree in both
 the perception and the production of music. They may be innately deter-
 mined, as Narmour proposes, or they may result from exposure to nonmu-
 sical regularities in the acoustic environment (e.g., speech intonation).

 Another interpretation is that the principles merely describe regularities
 in music, and Narmour's intuitions on melodic implication, along with
 perceptual data in support of his principles, reflect knowledge (by him and
 by participants in perceptual studies) of typical pitch patterns in music.
 This possibility is inconsistent with Narmour's (1990) view that the prin-
 ciples describe innately determined laws of expectancy.

 It is difficult to disentangle these two interpretations because both might
 predict parallel support of the principles in perception and production stud-
 ies. However, existing evidence favors the former view: the predictive power
 of the principles does not appear to depend on extensive training in music
 (Thompson et al., 1997), and support for the principles has been reported
 in perceptual studies involving unfamiliar musical styles (Krumhansl, 1995a;
 Schellenberg, 1996). Research involving infants' responses to music may
 further clarify the issue.

 Investigations of the implicative principles have varied in approach, stimu-
 lus construction, and analysis, making comparisons among studies diffi-
 cult. However, certain trends can be discerned in the existing evidence. In
 general, studies have reported stronger support for the implicative prin-
 ciples when continuation notes are considered within longer melodic con-
 texts (either rated or produced) than when they are considered after an
 isolated interval. In the current investigation, the combined set of prin-
 ciples accounted for 65% of the deviance in continuation-note frequencies
 (for implicative intervals). This level of support for the principles is close to
 that reported in the perceptual studies of Krumhansl (1995a) and
 Schellenberg (1996). For those data, the five implicative principles accounted
 for approximately 67% of the variance in mean ratings of continuation
 notes in British folk song melodies, and a comparable level of support was
 reported for continuation notes in Chinese melodies.
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 Studies involving isolated stimulus intervals have yielded lower estimates
 of the predictive power of the implicative principles. Cuddy and Lunney
 (1995) asked listeners to rate various continuation tones following isolated
 intervals. The five principles combined accounted for 54% of the variance
 in mean ratings. Production tasks involving isolated intervals have yielded
 comparable levels of support. Thompson et al. (1997) presented partici-
 pants with intervals of different sizes and asked them to create a melody by
 continuing the two notes on a keyboard. The note immediately following
 the initial interval was then analyzed. The five principles accounted for
 48% of the deviance in continuation-note frequencies (Table 4, combined
 group). Finally, Schellenberg (1996, deduced from Table 8) obtained a similar
 level of support in his reanalysis of the production data of Carlsen (1981)
 and Unyk and Carlsen (1987). In the latter studies, participants were pre-
 sented with various isolated intervals and were asked to sing a melody that
 continued each interval. The third note of each melody was then analyzed.
 For Carlsen's data, the five principles accounted for 53% of the deviance in
 continuation-note frequencies (averaged over three groups). For Unyk and
 Carlsen's data, the five principles accounted for 51% of the deviance in
 continuation-note frequencies.

 A number of researchers have suggested modifying, adding, or omitting
 principles from the set of implicative principles. In general, proposals for
 alternative models have been motivated by attempts to balance the aims of
 parsimony, inclusion of important influences, and predictive power. The
 possibility of conceiving a more parsimonious model is suggested by the
 considerable redundancy in the predictive power of the implicative prin-
 ciples. In our assessment of alternative models, removing the principles of
 melodic closure and intervallic difference eliminated most of the redun-

 dancy in the model (for implicative intervals) with little reduction in pre-
 dictive power. Schellenberg (1996) proposed a similar set of principles and
 subsequently used factor analysis to derive statistically a model based on
 two independent principles (Schellenberg, 1997).

 Other influences on expectancy may include tonality (Cuddy &c Lunney,
 1995; Krumhansl, 1995a, 1995b; Schellenberg, 1996, 1997; Thompson et
 al., 1997), pitch height (Cuddy & Lunney, 1995), consonance (Krumhansl,
 1995b), and unison (Krumhansl, 1995a, 1995b). In our examination of
 additional influences, we found support for two of these predictors: conso-
 nance (with the preceding note) and unison. (As mentioned, construction
 of our data base did not allow us to assess tonal influences.) In view of
 these findings, we proposed alternative models based on four variables.
 For implicative intervals, our model consists of the principles of proximity,
 consonance, unison, and registral direction (revised), and the model ac-
 counts for 0.71 of the deviance in frequencies. As mentioned previously, all
 four of these principles have been supported in previous reports, although
 not in this combination. For closural intervals, our model consists of the
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 principles of proximity, consonance, unison, and reversal, and the model
 accounts for 0.70 of the deviance in frequencies. To our knowledge, the
 current study provides the first evidence for a principle of reversal follow-
 ing closural intervals.

 The role of consonance is of particular interest, because estimates of
 consonance have been based on the perception of simultaneous tones (e.g.,
 Kameoka & Kuriyagawa, 1969). The current findings, with those of
 Krumhansl (1995a), suggest that sensory aspects of simultaneous events
 also may generate expectancies for sequential events (see also, Parncutt,
 1989; Thompson &c Parncutt, 1997). The predictive power of unison sug-
 gests that composers tend to avoid repeated notes, possibly to maintain
 variety in the melodic line. Such an inclination, however, must be balanced
 with the opposing aims for proximity and consonance, which encourage
 the use of repeated notes.5

 In summary, the current investigation, with other studies of melodic ex-
 pectancy, suggests that the perception and production of melody are influ-
 enced by a combined influence of a number of melodic expectancies. As a
 melody progresses, the strength of these expectancies, and the type of ex-
 pectancy formed, may shift with the degree of closure and the size of the
 melodic interval. Although we now have considerable support for several
 implicative principles, the origin of these implications remains unclear.6

 5. It is also possible to interpret unison as a statistical correction for nonoptimal coding
 of proximity or consonance, which, as coded for the log-linear analysis, may predict re-
 peated notes at inflated levels. Further research is needed to assess whether unison is a
 distinct principle that operates in opposition to concerns for proximity and consonance.

 6. Funding for this research was provided by the Natural Sciences and Engineering Re-
 search Council of Canada, awarded to the first author. Reprint requests may be sent to
 William Forde Thompson. We are grateful to David Huron for advice on using Humdrum
 and to Carol Krumhansl for providing predictions based on consonance. We thank Robert
 Gjerdingen, Glenn Schellenberg, Mark Schmuckler, and an anonymous reviewer for helpful
 suggestions on earlier versions of the manuscript. Doug Gifford and Alistair McKinnell
 provided technical assistance.
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