
Expressive Microstructure in Music: A Preliminary Perceptual Assessment of Four 
Composers' "Pulses"  

Author(s): Bruno H. Repp 

Source: Music Perception: An Interdisciplinary Journal , Spring, 1989, Vol. 6, No. 3 
(Spring, 1989), pp. 243-273  

Published by: University of California Press 

Stable URL: https://www.jstor.org/stable/40285589

JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide 
range of content in a trusted digital archive. We use information technology and tools to increase productivity and 
facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. 
 
Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at 
https://about.jstor.org/terms

University of California Press  is collaborating with JSTOR to digitize, preserve and extend 
access to Music Perception: An Interdisciplinary Journal

This content downloaded from 
�������������128.32.10.230 on Wed, 20 Aug 2025 19:53:51 UTC������������� 

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

https://www.jstor.org/stable/40285589
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 Expressive Microstructure in Music: A Preliminary
 Perceptual Assessment of Four Composers' "Pulses"

 BRUNO H. REPP

 Haskins Laboratories

 According to a provocative theory set forth by Manfred Clynes, there are
 composer-specific cyclic patterns of (unnotated) musical microstructure
 that, when discovered and realized by a performer, help to give the music
 its characteristic expressive quality. Clynes, relying mainly on his own
 judgment as an experienced musician, has derived such personal "pulses"
 for several famous composers by imposing time and amplitude pertur-
 bations on computer-controlled performances of classical music and
 modifying them until they converged on some optimal expression. To
 conduct a preliminary test of the general music lover's appreciation of
 such "pulsed" performances, two sets of piano pieces by Beethoven,
 Haydn, Mozart, and Schubert, one in quadruple and the other in triple
 meter, were selected for this study. Each piece was synthesized with each
 composer's pulse and also without any pulse. These different versions
 were presented in random order to listeners of varying musical sophis-
 tication for preference judgments relative to the unpulsed version. There
 were reliable changes in listeners' pulse preferences across different com-
 posers' pieces, which affirms one essential prerequisite of Clynes' theory.
 Moreover, in several instances the "correct" pulse was preferred most,
 which suggests not only that these pulse patterns indeed capture
 composer-specific qualities, but also that listeners without extensive mu-
 sical experience can appreciate them. In other cases, however, listeners'
 preferences were not as expected, and possible causes for these deviations
 are discussed.

 Introduction

 It is widely agreed that, in the performance of notated music, particularly
 Western art music from the eighteenth and nineteenth centuries, literal re-
 production of the written score does not result in a very satisfying expe-
 rience. The notation, in its rigid subdivision of note values and its lack of
 dynamic instructions for individual notes, omits many of the composer's
 intentions. To make the performance interesting, expressive, and musically
 satisfying, much variation not conveyed by the written score must be in-
 troduced by the performer. This variation may be relatively small (but nev-

 Requests for reprints may be sent to Bruno H. Repp, Haskins Laboratories, 270 Crown
 Street, New Haven, Connecticut 06511-6695.
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 244 Bruno H. Repp

 ertheless important) with respect to timing of note onsets, relative note du-
 rations, and pitch, where the score makes specific prescriptions; it may be
 much larger with respect to relative note intensities and other aspects of ar-
 ticulation, where the notation provides few constraints. All this variation
 constitutes the "expressive microstructure" (Clynes, 1983) of a perfor-
 mance. The principles musicians follow in generating this microstructure
 are not well understood and are only to a very limited degree made explicit
 in traditional music instruction. A great interpreter's skills may seem mys-
 terious and beyond explanation. The psychology of musical expression is
 still in its infancy, but there is a rich lode waiting to be mined.
 Performers' expressive devices may be divided roughly into four catego-

 ries according to their origin and motivation:
 (1) First, there are those variations that are contingent on local musical

 events, such as the structure of phrases, the shape of the melodic line, and
 the harmonic progression. These deviations emphasize structural proper-
 ties and thus help realize some of the expressive potential inherent in a mu-
 sical composition. They are relatively amenable to introspection, instruc-
 tion, and scientific investigation, as they are likely to follow certain general
 rules that are observed, more or less, by all competent musicians. They also
 apply to a wide range of music by different composers. Progress toward un-
 derstanding these rules has been made by several researchers (e.g., Bengts-
 son & Gabrielsson, 1980; Clynes, 1983; Gabrielsson, Bengtsson, &c Ga-
 brielsson, 1983; Shaffer, 1981; Shaffer, Clarke, & Todd, 1985; Sundberg,
 Frydén, & Askenfelt, 1983; Sundberg & Frydén, 1985; Todd, 1985).
 (2) Second, there are those aspects of expressive microstructure that re-

 flect a performer's understanding of a composer's individual characteristics
 as they are conveyed in his musical oeuvre as a whole. These aspects are
 much more elusive and difficult to investigate, because they seem to be the
 province of truly gifted interpreters whose performances have the "ring of
 authenticity." Nevertheless, one very intriguing attempt to understand
 these composer-specific principles of expressive microstructure has been
 made (Clynes, 1969, 1983, 1986, 1987).
 (3) Third, there are those deviations that reflect an individual performer's

 style and, perhaps, mannerisms. It is these characteristics that shape distinc-
 tive interpretations and that enable the experienced listener to recognize
 certain artists from their performances. To a large extent, they may reflect
 the specific use a performer makes of the rules mentioned under (1) and (2),
 but there may also be genuinely personal patterns of expression. This is un-
 charted territory for the music psychologist.
 (4) Finally, there are various piece-specific factors which may derive from

 notated dynamic instructions, performance conventions, explicit
 "programs," and also from instrumentalists' motoric limitations in execut-
 ing difficult passages.
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 Expressive Microstructure in Music 245

 In general, therefore, the expressive microstructure of a musical perfor-
 mance reflects general, composer-specific, performer-specific, and piece-
 specific factors. The present investigation is concerned with only one of
 these factors, the composer-specific one, based on the theory of expressive
 microstructure developed by Clynes (1983, 1986).

 The idea that different composers have different personalities that are
 conveyed in their music and that need to be understood and expressed by
 performers is very old, of course; it is part of the general lore of music his-
 tory, performance, and criticism. Until recently, however, these composer-
 specific characteristics, especially as they go beyond the printed score, have
 eluded quantification. Extending the method of "accompanying move-
 ments" (Begleitbewegungen) developed by the German philologist Eduard
 Sievers (1924), the German musicologist Gustav Becking (1928) made an
 interesting, although still very rough and introspective, attempt at more
 precise description by observing his own movements as he conducted while
 listening (more precisely, as he "let himself be conducted by the music").
 He found characteristic movement trajectories of his conducting index fin-
 ger for music by different composers, which he interpreted as reflections of
 the composers' personality and general attitude to the world. However, he
 did not relate these dynamic patterns to performance microstructure, which
 at the time was only beginning to be measured objectively (e.g., Hartmann,
 1932; Seashore, 1938/1967). It remained for Manfred Clynes, a noted in-
 ventor, neuroscientist, and musician, to achieve a more precise quantifica-
 tion of these dynamic characteristics, thus making them amenable to sci-
 entific investigation.

 Clynes' initial step, some two decades ago, consisted in going from move-
 ment to pressure, using a pressure-sensitive recording device called the sen-
 tograph (Clynes, 1969). At that time, Clynes asked several prominent mu-
 sicians (including Pablo Casals and Rudolf Serkin) to "conduct" by
 rhythmically pressing the sentograph with their finger about once a second
 while mentally rehearsing specific compositions of several different com-
 posers. The resulting periodic pressure curves were averaged to yield a sin-
 gle "pulse" shape for each musician and each composition. It emerged that
 these pulse shapes were remarkably similar across several different compo-
 sitions (both slow and fast) by the same composer, and also across different
 musicians imagining the same piece. They were very different for different
 composers, however. These rather limited but striking observations con-
 firmed Becking's idea of composer-specific "pulses" that can be external-
 ized as movement patterns.

 The second important step taken by Clynes more recently was his inves-
 tigation of how these pulses might be conveyed in the actual microstructure
 of music performance (Clynes, 1983, 1986, 1987). The central assumption
 underlying this effort is that composer-specific pulses are not restricted to
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 246 Bruno H. Repp

 people's musical thought and accompanying movements, but that they can
 be physically instantiated in the musical sound pattern, with benefits for the
 listener. These pulses are defined as patterns of systematic deviations from
 the notated relative durations1 and (usually unspecified, hence nominally
 equal) relative loudnesses of the notes within a time unit (e.g., one bar).
 Thus there are two independent components in each pulse pattern. Accord-
 ing to Clynes' theory, the pattern applies throughout a composition; that
 is, it repeats itself in a cyclical fashion (e.g., bar by bar) from beginning to
 end. The motivation for this requirement lies in earlier ideas of Clynes (see
 Clynes &c Walker, 1982) concerning "time form printing": Recurring time-
 amplitude patterns are assumed to set up expectancies in the central ner-
 vous system for the patterns to continue. The pulse, despite its rigid recur-
 rence, is assumed to imbue music with "living qualities" that specifically
 reflect the composer's personality and that may also enhance the expres-
 siveness of his characteristic melodic contours. Clynes (1983) has likened
 the pulse to such other individual motor characteristics as gait, handwrit-
 ing, and speech. As a personal "style of movement," it is assumed to apply
 to all works of a composer.
 Rather than measuring the time-amplitude patterns of actual perfor-

 mances by great artists, Clynes has developed composer-specific pulses by
 means of computer synthesis, relying mainly on his own judgment as an ex-
 ceptionally sensitive musician. He has developed software2 that enables
 him to enter a musical score into the computer and to specify a pattern of
 relative durations and intensities, which then determines the exact values
 of the notes within each time unit (chosen to coincide with a notated time
 unit close to 1 sec in duration). Depending on the time signature of the com-
 position, the time units are divided into either three or four (sometimes two)
 subunits, with separate corresponding pulse patterns. Notes lasting longer
 than one subunit are assigned the sum of the component durations and the
 amplitude of the first component they occupy.3 The pulse is often also im-
 plemented at a second, higher level, with three or four time units as sub-

 units. Thus, for example, in a fast piece in ^ measure, the basic three-pulse
 would comprise one bar and the higher level plus (usually a four-pulse, re-
 flecting the phrase structure) would comprise four bars. In a slower piece

 in ^ measure, on the other hand, there would be a basic four-pulse for the

 1. The term "duration" is used by Clynes, although it is meant to refer not to the time
 from the onset of a note to its offset (which depends on the degree of legato or staccato)
 but to the time from the onset of one note to the onset of the next note, or the onset-to-onset
 interval (OOI).
 2. Part of a "Computerized System for Imparting an Expressive Microstructure to Suc-

 cession of Notes in a Musical Score" that was awarded U.S. Patent No. 4,704,682 (No-
 vember 3, 1987).
 3. Shorter notes within a pulse beat are treated according to a pulse at that level (M.

 Clynes, personal communication).
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 Expressive Microstructure in Music 247

 sixteenth notes within each quarter note and a higher level three-pulse com-
 prising one bar.

 By experimenting with many different compositions and pulses and by
 carefully listening to the results (see Clynes, 1983), Clynes has arrived at
 what he considers appropriate pulse specifications for a number of famous
 composers. Four of these- the Beethoven, Haydn, Mozart, and Schubert
 pulses- are illustrated in Table 1, each in a quadruple-meter, a triple-meter,
 and (if used in the present study) a duple-meter version. In each pulse spec-
 ification, the first line indicates the relative durations (in percentages) of
 successive notes (i.e., onset-to-onset intervals) of equal nominal durations,
 and the second line indicates their relative amplitudes (in linear propor-
 tions). The duration and amplitude components do not follow the same
 pattern; they are independent parameters. In the Beethoven four-pulse, for
 example, the rank order of the four beats is 4-1-3-2 in terms of duration,
 but 1-3-4-2 in terms of amplitude. The four-pulse, three-pulse, and two-
 pulse patterns for the same composer are related (see Clynes, 1987). For
 a detailed discussion of the characteristic features of these composers' four
 pulses and their interpretation in terms of dynamic qualities, see Clynes
 (1983, pp. 134-135).

 Clynes' pulse patterns reflect the musical insight and extensive efforts of
 one indivdiual; they quantify a subjective experience. It remains to be
 shown that the pulse patterns chosen generalize to other listeners; perhaps
 they require exceptional musical sensitivity to be appreciated at all, and per-
 haps they are entirely idiosyncratic. At public occasions and on recordings

 table 1

 Pulse Specifications in Quadruple, Triple,
 and Duple Meter for Four Composers

 Composer Quadruple meter Triple meter Duple meter

 Beethoven 106 89 96 111 105 88 107 (not used)
 1.00 0.39 0.83 0.81 1.00 0.46 0.75

 Haydn 108 94 97 102 108 95 103 100 97
 1.00 0.42 0.68 1.11 1.03 0.35 0.60 1.00 0.65

 Mozart 105 95 105 95 106.5 102.5 97.5 100 100
 1.00 0.21 0.51 0.23 0.78 0.25 0.30 1.00 0.51

 Schubert 98 115 99 91 103 114 97.5 (not used)
 1.00 0.65 0.40 0.75 0.92 0.45 0.72

 NOTE. The first line indicates relative note durations (i.e., onset-to-onset intervals) in
 percent; the second line represents relative amplitudes on a linear scale. These pulses
 are the ones actually applied in the present materials (Clynes, pers. comm.); the triple-
 meter pulses differ from the preliminary specifications of Clynes (1983, 1986). Note
 that triple-meter timing pulses are not normalized, so that slight tempo changes result,
 and that all amplitude pulses result in various degrees of attenuation.
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 248 Bruno H. Repp

 accompanying some of his publications (Clynes, 1983, 1985, 1987), Clynes
 has presented many examples of music synthesized with appropriate com-
 posers' pulses, although their impressions on listeners were never docu-
 mented in a formal way. Some recent demonstrations (Clynes, 1987) have
 included the same piece synthesized with several different composers'
 pulses, including the "correct" one. In the fall of 1985, the author received
 such a demonstration tape from Clynes containing the final movement of
 a Haydn Piano Sonata synthesized with six different composers' pulses. A
 small informal group of listeners agreed that the "Haydn pulse" version in-
 deed was the most pleasing of the lot, whereas several other versions were
 perceived as rhythmically irregular and/or inappropriately accented. That
 one set of time-amplitude irregularities sounded "normal" while others
 sounded uneven was an interesting experience; it suggested that even the
 average listener could appreciate the appropriate expressive microstruc-
 ture. However, it could have been that the Haydn pulse was simply per-
 ceptually more regular than the others on psychoacoustic or general mu-
 sical grounds. If so, it might also have been preferred if the piece had been
 by Mozart or Beethoven. For a rigorous test of the prediction that, for each
 of several composers' music, that composer's pulse should be perceived as
 more appropriate than any other composer's pulse, a set of balanced ma-
 terials was required in which each composer's piece was performed with
 each composer's pulse. The author, not having the necessary synthesis ca-
 pabilities at the time, approached Clynes, who agreed to generate two such
 sets of materials for the experiments described below.
 The experiments tested the following five predictions:
 (1) Listeners' preferences for individual pulses should vary as a function

 of composer. That is, with composer and pulse as orthogonal factors in the
 experimental design, a statistical interaction should be obtained. Con-
 versely, the null hypothesis was that, although some pulses may be pre-
 ferred over others, these preferences would hold regardless of composer.
 Rejection of the null hypothesis would support the general claim of Clynes'
 theory that different composers require different pulses.
 (2) For each composer, listeners should prefer the "correct" pulse over

 all others. This hypothesis concerns the validity and generality of the spe-
 cific pulse patterns devised by Clynes.
 (3) Listeners should also prefer the correct pulse over a literal rendition

 of the score that has no pulse applied to it. Such "neutral" versions were
 included in the present materials. Clynes' theory admits the possibility that
 other pulses besides the correct one are preferred over a neutral version, but
 it seems essential that the correct pulse be perceived as an improvement over
 no pulse at all.
 (4) The correct pulse should be preferred in all compositions by the same

 composer. This hypothesis, which concerns the generality of the pulses
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 Expressive Microstructure in Music 249

 across each composer's oeuvre, could be tested only to a very limited extent
 in the present experiments, because of the small sample of materials.4

 (5) The degree to which listeners are able to appreciate the correct pulse
 and, more generally, expressive microstructure in music, may be a function
 of their musical training and experience with classical music. That is, the
 strongest support for Clynes' theory might come from the most sophisti-
 cated listeners, although the responses of less experienced subjects were
 also of interest in this study.

 Experiment 1

 Experiment 1 used a set of pieces with even ( | ) time signature, to which
 Clynes' four-pulses (and two-pulses) had been applied. The experiment was
 conducted in two versions, referred to as la and lb. It was initially assumed
 that the performances with the "correct" pulse should be the most satis-
 fying on general musical grounds; thus, the subjects in Experiment la were
 instructed to indicate simply how much they liked each version. It was later
 pointed out to the author by Clynes (personal communication) that the cor-
 rect pulse may not always be the most pleasing one, especially to the less
 experienced listener; for example, the rough Beethoven pulse may be less
 pretty than the gentle Haydn pulse when applied to a Beethoven piece, but
 it nevertheless characterizes the composer better. Some data collected in-
 dependently by Thompson (in press) with some of the same materials (the
 Beethoven piece) reinforced this point. Therefore, the experiment was re-
 peated with modified instructions that emphasized composer-appropriate
 expression as the criterion for subjects' judgments (Experiment lb). In ad-
 dition, the quality of sound reproduction was improved in that experiment.

 METHODS

 Subjects

 Experiment la

 Sixteen unpaid volunteers (seven women and nine men, including the author) served as
 listeners.5 All were investigators or graduate students in psychology or related areas at
 Haskins Laboratories or Yale University, mostly 25-35 years old, although two were in

 4. Nevertheless, the fact that the present materials (with one exception) had not been
 tried out previously with composers' pulses made these experiments a test of the generality
 of the pulses.

 5. Although the author had made up the stimulus tapes and thus was the only subject
 to have heard the materials before, he had no recollection of the test order at the time of
 testing and had not yet learned to identify the individual pulse patterns.
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 250 Bruno H. Repp

 their forties. Most of them had received a musical education, and the majority were active
 amateur musicians and/or spent much time listening to classical music. A few musically less
 experienced subjects were included to extend the range for purposes of correlational anal-
 yses. According to a questionnaire filled out by the subjects at the end of the experiment,
 they had had between 0 and 25 years (summed over all instruments) of formal instruction
 on various instruments (including piano, violin, cello, guitar, saxophone, and voice), spent
 between 0 and 23 hours a week playing their instruments, and listened to serious music 0
 to 15 hours per week.

 Experiment lb

 Thirteen different subjects participated here; their age and gender were not recorded.
 Four were faculty members at Trinity College (Hartford, CT); most of the others were un-
 dergraduate students enrolled in a music course there; one was a researcher at Haskins Lab-
 oratories. They included a professional pianist, a composer, an accomplished organist, sev-
 eral musical amateurs, and a few musically naive individuals. According to the
 questionnaire, they had had between 0 and 23 years of formal musical instruction, played
 their instruments from 0 to 14 hours per week, and listened to classical music between 0
 and 45 (!) hours per week.

 Materials

 Four piano compositions, one each by Beethoven, Haydn, Mozart, and Schubert, were
 selected by the author. All were in | time signature and had a fast tempo, except for the Schu-
 bert, which was both longer and slower than the other pieces. They were

 Beethoven: last movement (Presto) of the Piano Sonata in F major, op. 10, No.
 2 (complete, without repeats);
 Haydn: last movement (Presto) of the Piano Sonata in F major, HV XVI/23
 (complete, without repeats);
 Mozart: exposition (i.e., the first part) of the last movement (Allegro) of the Pi-
 ano Sonata in C major, K. 279 (without repeat);
 Schubert: Moment Musical No. 4 (Moderato) in c-sharp minor, op. 94, D. 780
 (complete, without repeats; the contrasting middle section is in D-flat major).

 The initial bars of these pieces are shown in Figure 1.
 All computer performances were generated by Manfred Clynes at the Music Research

 Institute of the New South Wales State Conservatorium of Music in Sydney, Australia, using
 his special software developed there. These computer realizations, in contrast to earlier re-
 corded examples (e.g., Clynes, 1983), included all the notes, not just the melody. Each piece
 was recorded on cassette tape (with Dolby B noise reduction) in five versions: without any
 pulse (the "neutral" version) and with each of the four composers' pulses. The pulse patterns
 used are shown in Table 1. They were applied at two hierarchical levels, the lower (main)
 level comprising four sixteenth notes and the higher level comprising two or four quarter
 notes (i.e., one or two bars). In a number of instances, an "attenuation factor" was applied
 to the timing pattern at the higher level, which changed the depth of modulation while keep-
 ing the specified relationships constant.6 The pulses applied, together with these attenuation
 factors, are shown in Table 2. The choice of attenuation factors reflects Clynes' artistic judg-
 ment. In addition, a few manual adjustments (such as appropriate ritardandos and micro-

 6. Because of these attenuation factors, the higher level pulses were not strictly the same
 across the different compositions. This methodological complication had to be ignored for
 purposes of analysis. It might also be noted that the basic pulse patterns for different com-
 posers (Table 1) are not equal with respect to average modulation depth.
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 Fig. 1. Initial bars of the four pieces used in Experiment 1.
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 252 Bruno H. Repp

 pauses) were made by Clynes to enhance the general musical quality of the performances;
 these were common to all versions, including the neutral one.
 The Mozart and Schubert pieces were reproduced on a Roland MKS-20 piano sound

 module, the Beethoven on a Prophet 2000 synthesizer with an "early nineteenth century pi-
 anoforte" sound.7 Because the Haydn piece was already available on the demonstration tape
 mentioned in the introduction, it was not resynthesized by Clynes. Because computer-
 generated sinusoids were used in its synthesis, it had a more artificial sound quality; on the
 other hand, since it was free from the envelope constraints of a simulated piano, it included
 "predictive amplitude shaping" (see Clynes, 1983) of individual tones in all versions. Un-
 fortunately, the demonstration tape did not include a "neutral" version of the Haydn, but
 versions with two other composers' pulses instead; so the version with the Schumann pulse
 was substituted for the neutral version.

 An experimental tape was generated by dubbing from the master tapes. The order of the
 four pieces was: Haydn, Mozart, Schubert, Beethoven. The five versions of each piece oc-
 curred in succession, separated by approximately 10 sec of silence. The first version was al-
 ways the neutral version, and the four pulsed versions followed, in an order that was dif-
 ferent for each piece and represented a 4 x 4 Latin square design.

 Procedure

 Experiment la

 Some subjects were tested at Haskins Laboratories, others at Yale University. The sub-
 jects were seated in a quiet room and listened to the music over a single loudspeaker con-
 nected to a high-quality cassette deck (at Haskins) or over the stereo loudspeakers of a por-
 table cassette recorder (at Yale). Each subject received detailed written instructions,
 including the following:

 You will hear a number of short piano pieces reproduced by a synthesizer. Each
 of these pieces will be played in five versions. The first, "neutral" version will be an
 almost literal rendition of the score, with only a few essential deviations from the writ-
 ten notation. The four subsequent versions will include additional adjustments in the
 timing and relative loudness of the individual notes. Each version will follow a dif-
 ferent pattern, and some versions may be more successful than others. That is, while
 some versions may sound more lively, expressive, and idiomatic than the neutral ver-
 sion, others may sound slightly distorted in rhythm and accent pattern. (One way of
 thinking about these versions is that they represent performances by four different pi-
 anists of equal technical competence but different musical sensibilities.) Your task will
 be to indicate whether or not each particular version constitutes an improvement over
 the neutral version.

 Your judgments are to be made on an 11-point rating scale ranging from -5 to
 + 5. The neutral version of any piece is identified with the midpoint (zero) on this
 scale, so you don't have to give any rating after hearing this first version. For each
 of the following four versions, you should enter your rating of that version, circling
 one number on the rating scale. Please, make your judgment relative to the neutral
 version: Assign a positive rating if you prefer the version just heard over the neutral
 version (because it seems more lively, expressive, and idiomatic) and a negative rating
 if you prefer the neutral version over it (because it seems irregular, distorted, and unid-
 iomatic).

 7. The Mozart-pulse version of the Beethoven, however, was recorded in regular piano
 sound; this did not seem to affect listeners' judgments. The other versions were also used
 by Thompson (in press, Exp. 3) and can be heard on the record accompanying Clynes
 (1987).
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 Expressive Microstructure in Music 253

 TABLE 2

 Hierarchical Pulse Patterns3 and Attenuation Factors for the Timing
 Pulses Used in Synthesizing the Pieces of Experiment lb

 Composer Lower Level Higher Level

 Beethoven Four-pulse (1.1) Four-pulse (0.6)
 Haydn Two-pulse (1.0) Four-pulse (1.0)
 Mozart Two-pulse (1.0) Four-pulse (1.0)
 Schubert Four-pulse (1.0) Four-pulse (0.15)

 aSee Table 1.

 bM. Clynes, personal communication.

 The answer sheet illustrated the rating scale and listed the numbers -5 through + 5 for
 each version, one of which the subjects were to circle. For the neutral version, the subjects
 were to indicate instead their familiarity with the piece by circling "very," "moderately,"
 "barely," or "not at all." The composer of each piece was named on the answer sheet. The
 whole session lasted about one hour.

 Experiment lb

 One possible concern with Experiment la (Clynes, personal communication) was that
 the sound reproduction equipment was not optimal; in particular, the portable recorder
 used at Yale did not have the Dolby B option, which distorted the amplitude profiles of the
 pulses. In Experiment lb, the tapes were played with Dolby B noise reduction, either at Trin-
 ity College or on one subject's home stereo equipment. More importantly, there was a
 change in instructions, as follows:

 While some versions may sound expressive in a way that seems to befit the com-
 poser, others may sound less convincing or even ridiculous. (...) Your task will be
 to indicate whether or not each particular version constitutes an improvement over
 the neutral version in that it captures some of the composer's characteristic
 expression- that is, whether each version sounds more or less "Beethovenian" or
 "Haydnian" or "Mozartian" or "Schubertian" than the neutral version.

 RESULTS AND DISCUSSION

 Experiment la

 One initial question was whether the subjects would be able to make con-
 sistent judgments at all. Not only were they not professional musicians, but
 also musical tastes are often said to be highly variable and idiosyncratic.
 The statistical analysis dispelled these fears. In a repeated-measures analysis
 of variance (ANOVA) on the subjects' ratings with two crossed factors,
 composer and pulse, the main effect of pulse was highly significant [P(3,45)
 = 10.09, p < .0001], which indicates that there were consistent preferences
 for certain pulses over others. Moreover, and much more importantly,
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 254 Bruno H. Repp

 there was a significant composer by pulse interaction [F(9,135) = 4.43,
 p < .0001]. Thus the pattern of pulse preferences varied reliably with com-
 posers (pieces), which supports the first of the five predictions made in the
 introduction. There was no significant main effect of composer.
 The average ratings are represented in Table 3, with the italicized num-

 bers in the diagonal representing the "correct" composer-pulse combina-
 tions. It is evident that in three of the four pieces (Haydn, Mozart, Schubert)
 the correct pulse was indeed the one preferred most, although in the Mozart
 piece the Mozart and Haydn pulses were tied. Moreover, in each of these
 three cases the correct pulse received positive ratings that clearly exceeded
 the neutral baseline (subjects tended to be conservative in their ratings, us-
 ing mostly the range between -3 and +3), although this difference is not
 meaningful in the case of the Haydn piece, whose "neutral" version really
 had an inappropriate pulse in it. Only the Beethoven piece produced dis-
 appointing results. For it, the listeners clearly preferred the Haydn pulse
 (which perhaps can be explained by the somewhat Haydn-like quality of
 that movement- Clynes, personal communication), whereas the
 Beethoven pulse received a negative average rating. Thus, in three out of
 four cases the results provide support for Predictions 2 and 3, which con-
 cern the adequacy of the composers' pulses.
 A look down the columns of Table 3 reveals that the Beethoven pulse

 was not liked much in any piece, whereas the Haydn pulse was liked in all
 compositions. Listeners' judgments of the Beethoven and Haydn pulses
 thus did not seem to vary much across compositions. This was confirmed
 by conducting an ANOVA on these two pulses only: The pulse main effect
 was highly significant [F(l,15) = 28.73, p = .0001], indicating that the
 Haydn pulse was preferred over the Beethoven pulse, but the composer by
 pulse interaction fell short of significance. Thus it could be argued that lis-
 teners' preference for the Haydn pulse in the Haydn piece was due to a gen-
 eral preference, not to composer-specific factors.
 The situation was different for the Mozart and Schubert pulses, however.

 Although the Mozart pulse was tied with the Haydn pulse as the preferred

 table 3

 Average Ratings of the Computer Performances in Experiment la

 Pulse

 Composer Beethoven Haydn Mozart Schubert

 Beethoven -1.13 2.25 -1.13 -0.13

 Haydn 0.06 1.69 0.69 -0.69
 Mozart 0.38 1.56 1.56 -0.75
 Schubert -0.25 1.19 -0.38 1.94
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 pulse for the Mozart piece, it was liked better in the Mozart than in any
 other piece. Even more strikingly, the Schubert pulse was liked only in the
 Schubert, being mildly disliked with all other composers. The reliability of
 this interaction was confirmed in an ANOVA on this half of the data: There

 were no significant main effects, but a significant composer by pulse inter-
 action was obtained [F(3,45) = 6.90, p = .0006]. This part of the data,
 therefore, provides unequivocal support for Clynes' Mozart and Schubert
 pulse patterns, as well as for the present subjects' ability to appreciate them.

 The data were analyzed in yet another way, by first averaging the ratings
 of the three incorrect pulses for each piece and then entering the data into
 a 4 x 2 ANOVA with composer and correct/incorrect pulse as factors.
 There was a significant main effect of pulse [F( 1,15) = 10.96, p = .0048],
 which confirms that, overall, correct pulses received higher ratings than in-
 correct pulses. However, since this was not true in the Beethoven piece,
 there was also a highly significant composer by pulse interaction [F(3,45)
 = 9.43, p = .001]. In a separate analysis of the correct pulse ratings only,
 the grand mean was significantly larger than zero [F(l,15) = 8.67, p =
 .0101], which confirms that, overall, correct pulses were preferred over no
 pulse at all, again with the exception of the Beethoven, which resulted in
 a significant effect of composer [F(3,45) = 8.64, p = .0001].

 Prediction 4 (generality of pulses) could not be addressed within the
 present experiment, since only a single piece of each composer was used.
 (However, see footnote 4.) Therefore, we turn to Prediction 5, concerning
 the role of subjects' musical experience. As pointed out earlier, the 16 sub-
 jects represented a rather wide range of musical experience, with only the
 professional level missing. For each subject, a measure of the degree to
 which he or she appreciated the correct pulses (a "pulse appreciation
 index" or PAI) was computed by subtracting the average rating of the 12
 incorrect composer-pulse combinations from the average rating of the 4
 correct combinations. (Thirteen of the 16 subjects had positive indices.)
 Three indices of musical experience were available: number of years of mu-
 sical education, added up over all instruments studied; number of hours
 spent playing music per week; and number of hours spent listening pas-
 sively to serious music. Correlations were computed between all three mea-
 sures and the PAI. The first and third measures did not correlate at all with

 the PAI,8 whereas the second (active playing hours) showed a small positive
 correlation (r = 0.36) that, however, fell short of significance. Thus there

 8. This was also true when years of musical education were computed for the dominant
 instrument only or for piano only. To illustrate some of the individual variability: The sub-
 ject with the highest PAI (3.00) is an active amateur cellist; the person with the second-
 highest PAI (2.52) never had any music education; the person with the lowest PAI (-1.33)
 had the longest music education of all, although she no longer plays her instruments (piano
 and violin).
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 was only a hint that listeners with greater active musical experience might
 show greater appreciation for composers' pulses.
 Two subsidiary questions were addressed in similar correlational anal-

 yses. First, it was noted that some subjects gave mostly positive ratings,
 while others gave mostly negative ratings. A subject's overall average rating
 is an indirect measure of the extent to which he or she liked the neutral ver-

 sion, relative to the pulsed versions. The correlations between subjects' av-
 erage ratings and the three measures of musical experience were mildly neg-
 ative and nonsignificant. If musically more experienced subjects liked the
 neutral version somewhat more than did musically inexperienced subjects,
 a reason for this may have been that the more sophisticated subjects ex-
 pected too much from the pulsed versions as "performances." This point
 will be taken up in the general discussion. Second, a familiarity index was
 computed for each subject by averaging his or her familiarity ratings for
 the four pieces (very = 3, moderately = 2, barely = 1, not at all = 0).
 On the whole, the subjects were not very familiar with the pieces: Twelve
 subjects had average ratings of 1 or less, and only two subjects (the author
 being one) were at least moderately familiar with all of them. No piece was
 much more familiar than the others. The correlation between the familiar-

 ity index and the PAI was -0.06, indicating that familiarity did not increase
 the appreciation of the correct pulses.

 Experiment lb

 Experiment lb, it will be recalled, presented the same test to a compa-
 rable group of subjects with new instructions that emphasized composer-
 specific expression, and with Dolby B sound reproduction. It is clear from
 Table 4, however, that these combined changes did not lead to results that
 were more favorable to Clynes' theory- on the contrary. In the Beethoven
 piece, the Beethoven pulse was disliked even more than previously, in strik-
 ing contrast to findings of Thompson (in press), which showed a preference
 for the Beethoven pulse in the very same materials under similar instruc-
 tions. (The reason for this discrepancy is not clear.) The Haydn pulse, which
 listeners had liked in Experiment la, was not preferred significantly over
 the neutral version, althought it still came out on top. In the Haydn piece,
 the previous preference for the appropriate pulse was no longer evident,
 and the listeners showed a preference for the Beethoven pulse instead. In
 the Mozart piece, where in Experiment la the Haydn and Mozart pulses
 had been preferred equally, the Haydn pulse was now preferred over the
 Mozart pulse. Only in the Schubert piece did the Schubert pulse still come
 out on top, but it was virtually tied with the Haydn pulse and rated only
 slightly above the neutral version.
 A look down the columns of Table 4 is only slightly more encouraging.

 At least it was still the case that the Mozart pulse was liked best in Mozart,
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 TABLE 4

 Average Ratings of the Computer Performances in Experiment lb

 Pulse

 Composer Beethoven Haydn Mozart Schubert

 Beethoven -3.08 0.15 -1.31 -1.69

 Haydn 1.62 0.15 0.08 0.08
 Mozart 0.08 1.54 0.62 -0.46
 Schubert -0.31 0.69 0.00 0.77

 and the Schubert pulse in Schubert. However, the Beethoven pulse was
 liked best in Haydn (and was strongly disliked in Beethoven), and the
 Haydn pulse was liked best in Mozart.
 The data were also less consistent in this experiment. The ANOVA
 showed a marginally significant main effect of pulse [F(3.36) = 3.07, p =
 0.0399], due to a general preference for the Haydn pulse, and a marginally
 significant composer by pulse interaction [F (9, 108) = 1.97, p = 0.0492].
 In contrast to Experiment la, there was a highly significant main effect of
 composer [F (3,36) = 7.16, p = 0.0007], which reflected the strongly neg-
 ative ratings for the Beethoven piece. Moreover, correlational analyses of
 average ratings and individual PAI values (five positive, eight negative) in
 relation to indices of musical experience and familiarity ratings revealed not
 a single significant correlation. Thus, the more experienced listeners did not
 give responses that were more in conformity with Clynes' theory. At the
 same time, the present group of subjects gave higher familiarity ratings than
 that of Experiment la, so the results cannot be attributed to general inex-
 perience.

 In summary, this experiment showed that instructions to rate the
 composer-specific expressive quality of the computer performances did not
 increase subjects' appreciation of composers' pulses. If anything, responses
 were more variable, which suggests that the instructions proved confusing.
 Whereas it is relatively easy to express a simple preference for one or an-
 other performance, it is much more difficult (and perhaps presumptuous)
 to make judgments about the "Beethovenian" or "Mozartian" quality of
 expression. The subjects may have felt that they should not trust their im-
 mediate response to each performance, but they apparently had no consis-
 tent criteria for composer-specific qualities of expression.

 Experiment 2

 Experiment 1 had used a somewhat heterogeneous set of materials. Ex-
 periment 2 used a different, more controlled set of pieces, all Minuet move-
 ments from piano sonatas by the same four composers, selected by the au-
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 thor. Each movement had three sections: Minuet, Trio (or second Minuet),
 and repeat of the Minuet. Each section had a two-part structure, each part
 typically comprising eight bars. In several ways, this choice of materials
 provided a rather extreme test of subjects' ability to appreciate composers'

 pulses. First, the basic meter was ^ time, so a three-pulse was used for at
 least one level of the pulse hierarchy (the higher level, because of the mod-
 erately slow tempo of Minuets). Three-pulses have one degree of freedom
 less than four-pulses and therefore are less effective in differentiating indi-
 vidual composers (Clynes, 1987). Second, the Minuet is a traditional dance
 form and thus not only imposes some constraints on the expression of a
 composer's individual characteristics, but also may require an additional
 "Minuet pulse" that was not implemented in the present materials (M.
 Clynes, personal communication). Third, the pieces were all similar in
 structure, tempo, duration, key signature, and sound quality. Finally, judg-
 ing from Clynes' publications, the microstructure of the three-pulses may
 not be as confidently established as that of the four-pulses.
 Experiment 2 was conducted in three versions, referred to as 2a, 2b, and

 2c. Experiment 2a took advantage of the possibility that the Trio (or second
 Minuet), whose character was generally quite different from that of the
 (first) Minuet, could be considered a separate composition. By conducting
 separate tests for Minuet and Trio, Experiment 2a examined whether the
 same pulse preferences would be obtained for these different parts and thus
 tested the hypothesis (Prediction 4 in the introduction) that a composer's
 pulse should apply to all of his music. (For some qualifications of that hy-
 pothesis, see below.) In addition, the Minuet test was repeated to assess the
 reliability of subjects' judgments and possible effects of test sequence. The
 instructions were the same as in Experiment la. To counter possible ob-
 jections against the separation of Minuet and Trio from a musical (rather
 than methodological) perspective (M. Clynes, personal communication),
 Experiment 2b replicated Experiment 2a using the integral Sonata move-
 ments as well as (in part) improved sound reproduction and modified in-
 structions. Experiment 2c, finally, was a replication of Experiment 2b using
 amended versions of two pieces, further improvements in sound reproduc-
 tion, and the instructions of Experiment lb.

 METHODS

 Subjects

 Experiment 2a

 Twelve subjects (four women, eight men) participated in this experiment. Eight of them
 (including the author), all with musical experience, were also subjects in Experiment la
 (which, chronologically, followed Experiment 2a). The other four subjects were two pro-

This content downloaded from 
�������������128.32.10.230 on Wed, 20 Aug 2025 19:53:51 UTC������������� 

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



 Expressive Microstructure in Music 259

 fîcient amateur musicians (French horn, trumpet) and two relatively inexperienced individ-
 uals, all graduate students or young researchers. In this subject group, years of musical ed-
 ucation ranged from 0 to 25, active playing hours from 0 to 11, and passive listening hours
 from 1 to 20. In addition, four professional pianists were tested. Three of them (one woman,
 two men) were young performers and teachers residing in New Haven; the fourth was an
 experienced, middle-aged, female piano instructor at a local music school.

 Experiment 2b

 Five of the most reliable amateur subjects participated here, all of whom had been sub-
 jects in Experiment 2a.

 Experiment 2c

 Eleven of the subjects of Experiment lb, plus three new subjects from Trinity College,
 participated here.

 Materials

 The four pieces selected by the author were Minuet movements from piano sonatas by
 Beethoven, Haydn, Mozart, and Schubert. Thus they were all of similar form, duration, and

 time signature ( ^ ), and they even had similar key signatures, although this was an irrelevant
 fact. Specifically, they were

 Beethoven: Menuetto (Moderato e grazioso) from the Sonata in E-flat major,
 op. 3 1, No. 3 (with Trio in the same key and a Coda after the repeat of the Min-
 uet);
 Haydn: Menuetto (no tempo indication) from the Sonata in E-flat major, HV
 XVI/28 (with Trio in e-flat minor);
 Mozart: Menuetto (Allegretto) in B-flat major from the Sonata in E-flat major,
 K. 282 (with Menuetto II in E-flat major);
 Schubert: Menuetto (Allegretto) from the Sonata in E-flat major, op. 122, D.
 568 (with Trio in A-flat major).

 The initial bars of the Minuets and Trios (or second Minuet in the Mozart) are shown
 in Figure 2.

 All pieces were generated at the author's request by Clynes in Sydney with Roland MKS-
 20 piano sound, without any repeats. As in Experiment 1, each piece was recorded (with
 Dolby B) in a neutral version and in four pulsed versions. The pulses used and their atten-
 uation factors are shown in Table 5. It should be noted that although a three-pulse (see Table
 1) was employed at the higher level (comprising the three quarter-notes within a bar), a four-
 pulse was used at the lower level (sixteenth notes). (For the treatment of triplets, see Clynes,
 1987, p. 214.) Thus the lower level pulses were largely the same as in Experiment 1, although
 there were far fewer notes at that level in the Minuets.

 Procedure

 Experiment 2a

 The experimental tape contained three tests, each structured like the single test in Ex-
 periment 1. The first test contained only the Minuets, the second the Trios (or second Min-
 uet), and the third the Minuets again (identical except in the case of the Beethoven, where
 the Coda was included). Each test had a different order of composers and a different order
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 Fig. 2. Initial bars of both parts of the pieces used in Experiment 2.

 of versions for each piece, following a different Latin square design in each test. As in Ex-
 periment 1, the neutral version always preceded the four pulsed versions. Instructions and
 answer sheets were the same as in Experiment la, with only minor changes reflecting the
 different materials. The procedures were also the same. The nonprofessional subjects were
 tested at Haskins and Yale using a portable stereo cassette recorder without Dolby B. Three
 professional pianists were tested in a studio or in their home using the same equipment; the
 fourth used her home stereo system. The repeat of the Minuet test was omitted for the pro-
 fessionals in view of their busy schedule.
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 Figure 2 continued.

 Experiment 2b

 Here a single test was employed, using a new Latin square design. Each presentation of
 each piece was to consist of Minuet, Trio (or second Minuet), and repeat of the Minuet (plus
 Coda in the Beethoven). The Beethoven and Haydn were available in this integral form on
 the master tape. For the Mozart and Schubert, however, the master tape omitted the Minuet
 repeat. In a first version of the test tape, the pieces were played in this form, that is, without
 the Minuet repeat in the Mozart and Schubert, using a portable cassette recorder without
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 TABLE 5

 Hierarchical Pulse Patterns3 and Attenuation Factors for the Timing
 Pulses Used in Synthesizing the Pieces of Experiment 2b

 Composer Lower Level Higher Level

 Beethoven Four-pulse (1.0) Three-pulse (0.5)
 Haydn Four-pulse (1.0) Three-pulse (1.0)
 Mozart Four-pulse (1.0) Three-pulse (0.75)
 Schubert Four-pulse (1.1) Three-pulse (1.1)

 aSee Table 1.

 bM. Clynes, personal communication.

 Dolby B and the same instructions as in Experiment 2a. Subsequently, because precisely the
 Mozart and Schubert pieces did not yield the predicted results, a new test tape was created
 in which the Minuet repeats of the Mozart and Schubert were dubbed in from the master
 tape. That second version was presented to the same subjects a few months later using a
 different portable stero cassette recorder with Dolby B and attached mini-loudspeakers.
 (One subject listened at home using his stereo equipment, with Dolby B.) The instructions
 were modified somewhat in the direction of those employed in Experiment lb by omitting
 the term "lively" and emphasizing the term "idiomatic" (defined explicitly as "expressive
 in a way appropriate for that composer").

 Experiment 2c

 A new test tape was created with the same test sequence as in Experiment 2b, but with
 newly recorded versions of the Mozart and Schubert pieces furnished by Clynes, which
 avoided some amplitude distortions that had occurred in the earlier versions because of a
 nonlinear response of the sound module at high intensities (M. Clynes, personal commu-
 nication). The tapes were played back on equipment at Trinity College with Dolby B. The
 instructions were those of Experiment lb, which emphasized the criterion of "composer-
 appropriateness."

 RESULTS AND DISCUSSION

 Experiment 2a

 The overall repeated-measures ANOVA in this experiment included not
 only composer and pulse as factors but also test (Minuet, Trio, Minuet).
 As in Experiment la, there was a highly significant main effect of pulse
 [F(3,33) = 13.45, p < .0001], indicating that some pulses were generally
 preferred over others. In addition, there was a highly significant composer
 by pulse interaction [P(9,99) = 5.64, p < .0001], which shows that pulse
 preferences changed reliably with composer, as in Experiment la. Thus,
 Prediction 1 was again upheld, even for pulse patterns that were less dif-
 ferentiated and operated on similar time scales. There was also a marginally
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 significant main effect of composer [F(3,33) = 3.15, p = .0377], and a sig-
 nificant composer by test interaction [F {6,66) = 6.75, p < .0001]; both
 are of little interest. Importantly, however, the triple interaction was highly
 significant [F(18,198) = 3.82, < .0001], suggesting that pulse preferences
 changed not only with composer, but also between Minuets and Trios.

 Since this last interaction may also have reflected, in part, a change in
 judgments between the two presentations of the Minuet, a separate analysis
 was conducted on the Minuet data only. Significant effects included the
 main effects of both composer and pulse, as well as the crucial composer
 by pulse interaction [F(9,99) = 5.26, p < .0001]. Test had no main effect,
 interacted only weakly with composer, and engaged in a triple interaction
 that fell just short of significance [F(9,99) = 1.96, p = 0.515]. It may be
 concluded, therefore, that the pulse preference pattern did not change sub-
 stantially between the two presentations of the Minuets. Since the two Min-
 uet tests followed different Latin square designs, this result also means that
 there were no obvious artifacts of test order. These conclusions were further

 supported by a significant correlation (r = 0.74, p < .01) between the av-
 erage ratings for the 16 pulsed versions in the two Minuet tests, which gives
 some indication of the reliability of the judgments of the subject group as
 a whole. Considering that there was only a single judgment per stimulus
 and subject, the reliability is quite satisfactory.

 A separate analysis of the Trio data revealed, besides a pulse main effect,
 a significant composer by pulse interaction [F(9,99) = 5.36, p < .0001].
 This interaction thus held for both Minuet and Trio separately and com-
 bined, but its precise pattern was different for the two. This was confirmed
 by low and nonsignificant correlations between the average Trio ratings
 and the first and second Minuet ratings, respectively (r = 0.18 and 0.32).

 The response patterns may be examined in Table 6. It is evident that Pre-
 diction 2, that the correct pulses would receive the highest ratings, was not
 well supported by these results. Only the Beethoven pulse "worked," both
 in the Beethoven Minuet and in the Trio. (Paradoxically, it was precisely
 the Beethoven pulse that caused problems in Experiment 1; note the dif-
 ferences in meter and tempo, however.) In none of the other pieces did the
 correct pulse come out first or even receive very positive ratings. Some clear
 preferences for incorrect pulses emerged in the Haydn Trio (Mozart pulse)
 and ther Mozart Trio (Haydn pulse). Some striking dislikes must also be
 noted, especially for the Mozart pulse in the Beethoven Minuet and in the
 Schubert Trio, and for the Schubert pulse in the Haydn and Mozart Min-
 uets. At least, no strong dislikes occurred for correct pulses anywhere.

 The patterns described above were all significant when tested for each
 composer separately: The pulse main effects were significant in each case,
 and the pulse by test interaction was significant for all pieces except the
 Mozart. Thus there were reliable dependencies of pulse preferences on com-
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 posers and pieces (Minuet vs. Trio), which implies that the pulses do not
 apply equally to all parts of a musical composition.
 Even though there was little support for the specific predictions overall,

 an overall PAI was nevertheless computed for each subject, and its relation
 to the three measures of musical experience was examined, just as in Ex-
 periment 1. Half the subjects had positive PAIs, half had negative ones. Al-
 though the correlations with years of musical education and hours of pas-
 sive listening were negligible, the correlation with active playing hours per
 week reached significance (r = 0.61, p < .05). This correlation reinforced
 a weak trend in the same direction observed in Experiment la, suggesting
 that listeners with more active musical experience are more appreciative of
 the correct pulses. This raised the question of whether professional musi-
 cians might give judgments that are more in conformity with the predic-
 tions.

 The average judgments of the four professional pianists are shown in Ta-
 ble 7. Because of the small number of subjects, only a qualitative compar-
 ison can be made with the data in Table 6. Clearly, there are some simi-
 larities and some differences. In the Beethoven, the professionals, too,
 showed a consistent preference for the Beethoven pulse. A striking differ-
 ence from the earlier data is their liking of the Schubert pulse in the

 table 6

 Average Ratings of the Computer Performances in Experiment 2a:
 Twelve Nonprofessional Subjects

 Pulse

 Composer Beethoven Haydn Mozart Schubert

 Minuet

 Beethoven 1.33 0.75 -3.25 -1.42

 Haydn 0.58 -0.08 0.25 -2.33
 Mozart 0.58 0.58 0.17 -1.33
 Schubert 1.50 1.42 1.08 0.75

 Trio

 Beethoven 2.33 0.33 0.92 0.08

 Haydn -1.00 0.42 1.83 -0.83
 Mozart 0.17 1.42 -0.50 -1.08
 Schubert 1.17 1.17 -1.67 -1.08

 Minuet (Repeat)

 Beethoven 1.33 -0.42 -1.75 -0.42

 Haydn 1.25 0.58 0.33 -1.33
 Mozart -0.83 0.33 0.08 -1.83
 Schubert 0.75 1.42 0.83 -0.42
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 TABLE 7

 Average Ratings of the Computer Performances in Experiment 2a:
 Four Professional Pianists

 Composer Beethoven Haydn Mozart Schubert

 Minuet

 Beethoven 0.75 -1.25 -4.00 -3.50

 Haydn 0.25 0.50 -2.00 -2.00
 Mozart -0.50 -1.25 -1.75 -0.75
 Schubert 0.00 -0.25 -2.00 0.75

 Trio

 Beethoven 3.00 1.25 0.00 2.50

 Haydn -1.25 -0.25 -1.75 0.00
 Mozart 0.00 0.00 -1.50 -1.00
 Schubert 1.25 -1.75 -3.00 -2.25

 Beethoven Trio, to which the nonprofessional subjects had been indifferent.
 Their opposite reactions to the Schubert pulse in the Beethoven Minuet and
 Trio are interesting. In contrast to the nonprofessional subjects' results, the
 Haydn pulse came out best in the Haydn Minuet, but not impressively so,
 as it was not much preferred over the neutral pulse. (Also, only one subject
 actually gave the Haydn pulse the highest rating; each of the other three
 subjects preferred a different pulse, and one of them ranked the Haydn
 pulse last.) In the Haydn Trio, the Haydn pulse ranked second to the Schu-
 bert pulse, but neither was preferred over the neutral version. The profes-
 sionals disliked the Mozart pulse in the Haydn Trio, in stark contrast to
 the nonprofessional subjects. No clear preferences emerged in the Mozart
 pieces, but in both the Mozart pulse ranked last. In the Schubert Minuet,
 the Schubert pulse, which had ranked last with the nonprofessional sub-
 jects, came out first. (However, only one of the four professionals actually
 preferred the Schubert pulse, for two it was tied with other pulses for first
 place, and one ranked it last.) In the Schubert Trio, the Beethoven pulse was
 clearly preferred.
 In summary, the four professional musicians' results yielded a somewhat

 more positive response to the Haydn and Schubert pulses in the Minuets,
 but not the Trios. The Mozart pulse remained unsuccessful throughout.
 There were also large individual differences among the professionals. In
 terms of the PAI, the measure of individual conformity to Prediction 2, two
 of the four professionals would have ranked among the top four subjects,
 had they been included with the other subjects; the other two, however,
 would have ranked at the low end. Therefore, inclusion of their data would
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 not have increased the correlation between the PAI and musical

 experience.9
 Several additional correlations were computed for the 12 nonprofes-

 sional subjects. Their average ratings (i.e., their overall tendency to give
 positive ratings, or to dislike the neutral version) correlated positively with
 years of music instruction but negatively with active playing hours
 (r = -0.51, p < .10) and passive listening hours. Although none of these
 correlations reached conventional levels of significance, they support a ten-
 dency observed in Experiment la for musically more active subjects to like
 pulsed versions less. This tendency is further supported by the results of the
 professional musicians (see Table 7), who tended to give even more negative
 ratings overall. Perhaps, these subjects expected more "interpretation"
 from the pulsed versions than they actually provided. The subjects' famil-
 iarity ratings were also examined. A somewhat wider range than in Exper-
 iment la was found, although the pieces were again relatively unfamiliar
 to most subjects. There was no correlation between familiarity and the av-
 erage PAI (averaged over Minuet and Trio). Finally, for those eight subjects
 who participated in both Experiments la and 2a, the correlation of PAIs
 across the two experiments was computed and found to be significant
 (r = 0.74, p < .02). Thus there seemed to be reliable individual differences
 in the extent to which subjects gave judgments in agreement with Prediction
 2- that is, in the degree to which they agreed with Clynes.

 Experiment 2b

 One possible concern with the results of Experiment 2a was that the
 Trios might be less characteristic of a composer's style, and that their sep-
 aration from the Minuet may have disrupted the continuity of the musical
 composition and impeded listeners' appreciation of the pulses. Of course,
 the Minuet results in the first third of the test cannot be explained away
 in this fashion. However, it is conceivable that judgments of the Trio would
 change when it follows immediately upon the Minuet; and it could also be
 that subjects modify their judgments of the Minuet after hearing the Trio.
 It is also possible that the absolute duration of the music plays a role in sta-
 bilizing the pulse. Therefore, Experiment 2b presented the integral Sonata
 movements. In the first version of the test, the Minuet repeats of the Mozart
 and Schubert were missing. In the second version, all pieces were complete,
 and there were modified instructions and Dolby B playback.

 9. It was not attempted to estimate numerically the musical experience of the profession-
 als. Clearly, it was far above that of the other subjects; therefore, computation of correla-
 tions across all subjects was not advisable.
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 Expressive Microstructure in Music 267

 The data from both versions of the test (presented to the same group of
 subjects) were submitted to a repeated-measures ANOVA with the factors
 version, composer, and pulse. There were two significant effects: a main ef-
 fect of pulse [F(2,12) = 7.79, p = .0038], due to a general preference for
 the Haydn pulse, followed by Beethoven, Mozart, and Schubert, and a com-
 poser by pulse interaction [F(9,36) = 4.09,/? = .0011]. None of the effects
 involving versions was significant; thus it may be concluded that addition
 of Minuet repeats in two of the pieces, changes in instruction, and Dolby
 B had little effect on subjects' judgments.

 The results are shown in Table 8. They are not unlike the average results
 of the 12 subjects in Experiment 2a (cf. Table 6), with one striking excep-
 tion: The Haydn pulse suddenly emerged as a clear winner in the Haydn
 piece. The magnitude of the effect seems almost miraculous; since it was
 present in both versions of Experiment 2b, it can only be attributed to the
 integrity of the Sonata movement. For none of the other three pieces, how-
 ever, did the integrity of the composition have a similarly enhancing effect
 on the appreciation of the correct pulse. In fact, in the Beethoven piece, the
 Beethoven pulse was now liked less than the Haydn pulse, and the Mozart
 and Schubert pulses remained quite ineffective for their respective compos-
 ers.

 Even though the statistical analysis did not reveal any significant differ-
 ences between the two versions of Experiment 2b, this could have been be-
 cause of the small number of subjects. Therefore, the average ratings for
 the two versions were also compared by eye. Compared to Version 1, the
 ratings for Version 2 were lower overall; this difference actually ap-
 proached significance. This was particularly true for the correct pulses in
 all four pieces; there was no indication whatsoever that any correct pulse

 table 8

 Average Ratings of the Computer Performances in Experiment 2b

 Pulse

 Composer Beethoven Haydn Mozart Schubert

 First Version of Test

 Beethoven 0.83 1.00 -2.83 0.33

 Haydn -0.50 3.00 -0.17 -2.83
 Mozart 0.67 0.33 -0.17 -2.67
 Schubert 1.33 1.67 -0.83 0.67

 Second Version of Test

 Beethoven 0.67 1.00 -1.50 0.00

 Haydn 0.67 2.17 -0.67 -2.33
 Mozart -0.17 -0.67 -0.17 -2.00
 Schubert 0.67 0.17 -0.17 -2.00
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 was appreciated more in Version 2 than in Version 1. Thus the experiment
 was entirely negative with respect to possible effects of addition of the Min-
 uet repeat in the Mozart and Schubert, instructions, and Dolby B playback.

 Experiment 2c

 The results of this further replication, with modified instructions and
 technically improved versions of the Mozart and Schubert pieces, are
 shown in Table 9. In the Beethoven piece, a preference for the Beethoven
 pulse emerged again, as in Experiment 2a. In the Haydn piece, the
 Beethoven pulse was preferred somewhat over the Haydn pulse, which also
 resembles the results for the Haydn Minuet in Experiment 2a (nonprofes-
 sional subjects, Table 6); the striking preference for the Haydn pulse ob-
 tained in Experiment 2b (Table 8) was not replicated, even though the in-
 tegrality of the composition was preserved. In the Mozart piece, there was
 a marginal preference for the Mozart pulse, although it was not rated much
 above the neutral version. Relatively speaking, this constitutes a slight im-
 provement over the previous results. Finally, in the Schubert piece the Schu-
 bert pulse received a positive rating but ranked behind the Haydn and
 Beethoven pulses. This may also be taken as a slight improvement, but it
 is certainly not impressive.
 As in Experiment lb, which employed the same instructions with largely

 the same subjects, the results were less consistent than in previous runs of
 the test. In the ANOVA there was a significant main effect of composer
 [F(3,39) = 5.51, p = 0.0030] resulting from higher ratings for Schubert
 and Haydn than for Beethoven and Mozart. There was no significant main
 effect of pulse, but the crucial composer by pulse interaction did reach sig-
 nificance [F (9,1 17) = 2.47, p = 0.0130]. As in Experiment 2b, there were
 no significant correlations between average ratings, familiarity ratings, PAI
 scores, and the several indices of musical experience.

 table 9

 Average Ratings of the Computer Performances in Experiment 2c

 Pulse

 Composer Beethoven Haydn Mozart Schubert

 Beethoven 1.71 -0.50 -1.00 0.50

 Haydn 1.57 1.21 0.50 0.50
 Mozart -1.00 0.29 0.43 -0.50
 Schubert 1.50 1.57 0.43 1.36
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 General Discussion

 The results of these very preliminary experiments establish quite clearly
 that listeners' relative preferences for different pulse patterns vary with the
 piece they are listening to. Whether or not this composition by pulse inter-
 action is caused by listeners' appreciation of composer-specific character-
 istics, it is an important finding in itself. It indicates that the listeners judged
 the time-amplitude deviations in relation to the musical content of each
 piece (i.e., as the expressive variations they were intended to be), not just
 as physical deviations of varying magnitude. Their judgments presumably
 represent some measure of the degree to which the pulses fit the musical
 structure.

 The pulses devised by Clynes were, of course, intended to provide an op-
 timal fit for each composer. Experiment la indeed revealed largely the ex-
 pected pattern of pulse preferences (with only the Beethoven pulse being
 unconvincing), although the results of Experiment lb were less encourag-
 ing. Nevertheless, these data may be taken to provide some support for
 Clynes' choice of time-amplitude patterns for quadruple meter, at least for
 Mozart and Schubert. Curiously, the results of Experiment 2 were comple-
 mentary to those of Experiment 1 in that they provided clear support for
 the Beethoven pulse and occasional support for the Haydn pulse, but little
 evidence in favor of the Mozart and Schubert pulses. Moreover, in Exper-
 iment 2a listeners' judgments differed for the Minuet and Trio parts.

 Most of the present subjects were moderately competent judges of the
 general quality of a musical performance. They may be considered repre-
 sentative of that valuable subpopulation of concert (or radio) audiences
 whose members actually attend to the music and to the manner in which
 it is performed. Moreover, their judgments were reasonably consistent;
 clearly, they were not just guessing. Possible weaknesses in the methodol-
 ogy (memory requirements, less than perfect sound reproduction) cannot
 be held responsible for consistent response patterns, only for noise in the
 data. Although an inappropriate pulse (i.e., that of a composer other than
 the composer of the piece) may occasionally have a positive effect, it is not
 clear why the appropriate pulse microstructure should ever be less appeal-
 ing than an inappropriate or neutral one to the moderately sophisticated
 listener. Such reversals of judgment may be caused by general pulse pref-
 erences or aversions, but the negative findings in the present study cannot
 be explained on these grounds. Therefore, these findings indicate problems
 with the pulses themselves and their implementation, or possibly with the
 musical pieces chosen.

 As to the pulses themselves, Clynes (1983, 1987) has stated that they are
 subject to continuing refinement and improvement (although presumably
 by artists, not by the consensus of ordinary music lovers). The three-pulses
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 especially were called "tentative" by Clynes (1983), although some have
 been revised by him in the meantime. These patterns are still not optimal,
 and perhaps they have some idiosyncratic features that are unacceptable to
 other listeners. Each of the two independent parameters of the pulse, du-
 ration and amplitude, has a certain depth of modulation; that is, each pulse
 is a member of a whole family of similar patterns varying in the magnitude
 of the prescribed deviations. Even if the basic pattern is right, the modu-
 lation depth may be either too large or too small, with the resulting pulse
 either sounding exaggerated or being ineffective. It may be noted, in that
 connection, that Clynes developed the pulses using sine wave synthesis,
 whereas most of the present pieces were performed with a synthetic piano
 sound. The different sound quality, with its different overtone structure and
 spectral balance, may require an adjustment in the pulse modulation depth.
 The pulse may also need to adjust somewhat to different tempos, overall
 loudnesses, and the presence of multiple voices. Clynes' "attenuation fac-
 tors" attempted to achieve these goals, but perhaps not with full success.
 Another relevant issue concerns the maintenance of the pulse throughout

 a piece. As pointed out in the introduction, this follows from Clynes' earlier
 ideas on "time-form printing" in the central nervous system and is an im-
 portant part of the theory. Clynes (1986) links it to psychobiological clocks
 and repetitive motor activities such as walking; he claims that listeners ex-
 pect repetition of the pattern and would consider substitution of a different
 pattern disturbing. Essentially, the physical pulse, as instantiated in com-
 puter performances, is modeled after the inner (mental, subjective) pulse,
 which [according to Becking's (1928) and Clynes' introspections] does pos-
 sess the postulated constancy. However, Clynes (1987) also notes that ac-
 tual performances are likely to contain "noise" in the form of random and
 planned deviations from the pulse, as one should expect from a human per-
 former. Also, Becking (1928) commented that a composer's characteristic
 dynamics are not expressed equally throughout a composition, so the mod-
 ulation depth of a pulse may have to vary in the course of a piece. In ad-
 dition, of course, there are many other expressive devices (e.g., crescendi
 and diminuendi, special accents, ritardandi and accelerandi, phrase-final
 lengthening) that would be laid on top of a pulse in an actual performance.
 Few of these devices were used in the present computer performances, so
 as not to introduce too many complexities. However, the result may have
 been that the pulses were too obvious and exposed to be wholly pleasing.
 The precise, naked repetition of the pulse identifies the performance as that
 of a machine, even though the pulse itself is intended to impart "living qual-
 ities." Although expert listeners (such as Clynes himself) may be trained to
 evaluate such bare pulses in terms of the musical thought they evoke, other
 listeners may appreciate pulses, if at all, only as the background carrier for
 other, structurally determined modulations of the musical flow. All this
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 goes to say that the present materials were deliberately simple perfor-
 mances for laboratory use, and that perhaps a sweeping success of the
 pulses with untrained listeners should not have been expected, particularly
 in Experiment 2, where the Minuet dance characteristics were deliberately
 absent.

 Finally, we turn to the issue of the generality of the pulses across all
 works of a composer. Although Clynes has likened composers' pulses to
 stable individual characteristics such as handwriting or voice quality
 (Clynes, 1986) and has stated that they do not seem to change with a com-
 poser's age (Clynes, 1987), in personal communications he has expressed
 reservations about some of the present pieces on the grounds that they rep-
 resent compositions from the composer's youth (e.g., Beethoven's Op. 10,
 No. 2, used in Experiment 1). He has also pointed out to this author that,
 in his opinion, the Trio sections of Minuet movements are often not char-
 acteristic of their composers' style and that this may explain some of the
 poor results in Experiment 2a. However, although random results would
 be consistent with this suggestion, systematic preferences for inappropriate
 pulses are more difficult to explain. Moreover, the suggestion that a pulse
 applies only to music that is characteristic of its composer threatens to make
 the theory circular, because there is no objective measure of "characteris-
 ticness." An unlimited number of pieces could be exempted on these
 grounds. Similarly, it is not clear where to draw the line between early and
 mature compositions. (Mozart, for example, had written almost 300 other
 works before the piano sonatas from which the present excerpts were
 taken, and he surely had developed his personal style by that time.) It would
 be quite reasonable to amend Clynes' theory by allowing composers' pulses
 to become more pronounced and clearly defined with age; thus listeners
 may have greater difficulty appreciating the "correct" pulse in earlier com-
 positions. It seems, however, that even such an amended theory would not
 allow for preferences of other composers' pulses over the correct one, as
 occurred in several instances.

 The generality of a composer's pulse over his whole oeuvre is clearly im-
 plied by Clynes' theory as presently stated. Obviously, a much larger set
 of compositions will be needed to test this part of the theory thoroughly.
 However, it is clear that the idea of a single characteristic pulse for a com-
 poser is an abstraction derived from intimate familiarity with his total oeu-
 vre. This ideal pulse can perhaps be appreciated by artists who are able to
 experience any given piece in the context of stored knowledge about the
 composer's total output. Knowing that a piece is by Beethoven, say, they
 would find the Beethoven pulse appropriate because they recognize it as
 "Beethovenian." Individual compositions of a composer, however, may re-
 quire an expressive microstructure that deviates more or less from the ideal
 composer's pulse, in accordance with the specific structural properties of
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 the piece. (An analogy to the mean and variance of a statistical distribution
 might be appropriate.) Depending on the composer's expressive range and
 stylistic consistency, that piece-specific pulse may be a variant of the ideal
 pulse, or it even may be in conflict with it. Moreover, it may vary in the
 course of a piece as the musical structure unfolds.10 The subjects in the
 present experiments may have judged the performances in such a piece-
 specific frame of reference, despite the revised instructions in Experiments
 lb and 2c. If so, their ratings may indeed be a measure of the "typicality"
 of a piece among all compositions of a composer, assuming that Clynes'
 pulse patterns are close to the true ideal. The negative results in Experiment
 2, for example, could be interpreted as suggesting that the Mozart and
 Schubert Minuet movements were not typical of their respective compos-
 ers, that the Mozart Trio could be mistaken for Haydn, the Haydn Trio for
 Mozart, and so on. Some independent perceptual or musicological criterion
 will be needed to judge whether these suggestions are tenable.11
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